r 


pEeutrat Xibni vp 

RlA^I (Jaipur Statu) 

pugg College Branch 

iss No - 

nek No :- /< £ &S /) / 

c^ession No ^ ^ 

. \ 

** <&*** ** *** ^ 


% 


J 


j 


*£P«C+ 


REQUESlr 

»T IS EARNESTLY DESIRfeo THAT THE BOOK 
BE HANDLED WITH CARE AflND BE NOT MARKED 
UNDERLINED OR DISFIGURE^ in ANY OTHER WAY. 
OTHERWISE *T WILL h| j£ TO BE REPLACED OR 
PAID FOR BY THE BORRCV /ERIN THE INTEREST OF 
H E LIBRARY. 





KIDDER-PARKER 

ARCHITECTS’ AND BUILDERS’ 
HANDBOOK 




KIDDER-PARKER 
ARCHITECTS’ AND BUILDERS’ 
HANDBOOK 


DATA FOR 

ARCHITECTS, STRUCTURAL ENGINEERS, 
CONTRACTORS, AND DRAUGHTSMEN 


BY 

The Late FRANK E. KIDDER, C.E., Ph.D. 

AUTHOR OF “BUILDING CONSTRUCTION AND SUPERINTENDENCE” 

COMPILED BY A STAFF OF SPECIALISTS AND 

HARRY PARKER, M.S., Editor-in-Chief 

PEOFESSOK OF ARCHITECTURAL CONSTRUCTION, SCHOOL OF FINE ARTS, UNIVERSITY OF 

PENNSYLVANIA 


EIGHTEENTH EDITION 

ELEVENTH PRINTING 


NEW YORK 

JOHN WILEY & SONS, Inc. 
London: CHAPMAN & HALL. Limited 



The Publishers add the Editor-in-chief will be grateful to readers of this 
Volume who will call attention to any errors of omission or commission therein. 
It is intended to make our publications standard works of study and reference, 
and, to that end, the greatest accuracy is sought. It rarely happens that the 
early editions of books are free from errors; but it is the endeavor of the 
Publishers to have them removed, and it is therefore desired that the Editor- 
in-Chief may be aided in his task of revision, from time to time, by the kindly 
criticism of readers. 

JOHN WILEY & SONS, Inc. 

440 Fourth Avenue, New York 


Copyright, 1884, 1892, 1897, 1904, 
BY 

FRANK E. KIDDER 


Copyright, 1908, 
^AfllfERINE E. KIDDER 


Copyright, 1915, 1921, 

BY 

/CATHERINE E. KIDDER 


Copyright, 1931, 

BY 

BRADLEY P. KIDDER 

Copyright, 1904 Renewed, 19,31 
Copyright, 1915 Renewed, 1942 


EIGHTEENTH EDITION 
Eleventh Printing, July, 1948 


PRINTED IN U. S. A 



ttbis Boob 


IS RESPECTFULLY DEDICATED TO THOSE WHOSE KINDNESS 
HAS ENABLED ME TO PRODUCE IT 

TO MY PARENTS 

WHO GAVE ME THE EDUCATION UPON WHICH IT IS BASED 

TO MY WIFE 

FOR HER LOVING SYMPATHY, ENCOURAGEMENT 
AND ASSISTANCE 

TO ORLANDO W. NORCROSS 

OT WORCESTER, MASS. 

WHOSE SUPERIOR PRACTICAL KNOWLEDGE OF ALL THAT 
PERTAINS TO BUILDING HAS GIVEN ME A MORE 
INTELLIGENT AND PRACTICAL VIEW OF THE 
SCIENCE OF CONSTRUCTION THAN I 
SHOULD OTHERWISE HAVE 
OBTAINED • 


* Dedication to Fint Edition, by the late Frank E. Kidder. 



EDITORIAL STAFF 


EDITOR-IN-CHIEF 

Harry Parker, Professor of Architectural Construction, School ol 
Fine Arts, University of Pennsylvania. 

ASSOCIATE EDITORS 

George W. Baumeister, Assistant Professor of Graphics, School of 
Fine Arts, University of Pennsylvania. 

Herman Claude Berry, Professor of Materials of Construction, 
University of Pennsylvania. 

J. J. Cosgrove, Consulting Engineer. 

Theodore Crane, Professor of Architectural Engineering, School of 
Fine Arts, Yale University. 

Hardy Cross, Professor of Structural Engineering, University of Illinois. 

R. P. Davis, Assistant Dean, College of Engineering, West Virginia 
University. 

Robins Fleming, of the American Bridge Company, New York, N. Y. 

J. Horace Frank, Member of the American Institute of Architects. 

Charles M. Gay, Professor of Architectural Construction, School of 
Fine Arts, University of Pennsylvania. 

Louis A. Harding, Former President of the American Society of Heat¬ 
ing and Ventilating Engineers. 

Malverd A. Howe, Formerly Professor of Civil Engineering, Rose 
Polytechnic Institute. 

F. Theodore Mavis, Associate Professor of Mechanics and Hydraulics, 
University of Iowa. 

P. H. Moon, Assistant Professor, Massachusetts Institute of Technology. 

Daniel E. Moran, Member of the American Society of Civil Engineers. 

Thomas Nolan, Late Professor of Architectural Construction, University 
of Pennsylvania. 

C. E. Palmer, Professor of Architectural Engineering, University of 
Illinois. 

Edward F. Ries, Consulting Engineer, San Antonio, Texas. 

Grenville T. Snelung, Late Member of the American Institute of 
Architects. 

A. P. Stradling, Secretary of the Philadelphia Suburban Underwriters’ • 
Association. 

Geo. E. Strehan, Consulting Engineer, New York, N. Y. 

W. H. Timbie, Professor of Electrical Engineering, Massachusetts 
Institute of Technology. 

Charles P. Warren, Late Assistant Professor of Architecture, Columbia 
University. 

F. R. Watson, Professor of Experimental Physics, University of Illinois* 
E. W Yearsley, of The Otis Elevator Company, New York. N. Y. 



PREFACE TO EIGHTEENTH EDITION 


The last complete revision of the Handbook was the sixteenth edition 
published in 1915. The seventeenth edition, 1921, contained certain revised 
chapters, but much of the former edition was retained intact. 

Improved methods of construction, new materials, modification of building 
codes and the acceptance by architects and engineers of new unit-stresses, 
have necessitated another complete revision. Much material of the former 
edition has been omitted; many chapters have been revised or rewritten, 
and certain new chapters have been added. Throughout the book will be 
found various materials and methods which are not in general use, but 
investigation has shown a great diversification in the practice of construction 
in different localities. Consequently, it was deemed advisable to retain 
certain forms of construction which, although not generally used, are still 
standard methods in certain sections of the country. 

Inasmuch as this work has been a standard for so many years, its original 
arrangement has been retained. Though primarily a reference book, it has 
also been used by colleges and technical schools as a textbook. For this 
reason, certain chapters have been so arranged that their use in the classroom 
will be facilitated. A new Index has been prepared, and it is to be hoped that 
its new arrangement will materially aid in the use of the Handbook in the 
drafting room for reference work. 

Although practically all the chapters have been revised to conform with the 
latest research and accepted practice, the following subjects have been given 
particular attention and revised accordingly: Foundations; Masonry Walls, 
Footings, Cements and Concretes; Resistance to Tension, Properties of Iron 
and Steel; Resistance to Shear, Riveted Joints, Pins and Bolts; Bearing- 
Plates and Bases for Columns, Beams and Girders; Strength of Built-up, 
Flitched and Trussed Wooden Girders; Specifications for Structural Steel- 
Work of Buildings, Data on Structural Steel; Heating and Ventilation of 
Buildings; Hydraulics, Plumbing and Drainage, Gas and Gas Piping; 
Illumination of Buildings; and Electric Wiring. 

In addition to this work of revision, the material on the following topics 
has been rewritten: Strength of Bricks, Stone, Mass Concrete and Masonry; 
Properties of Structural Shapes, Moment of Inertia, Moment of Resistance, 
Section-Modulus and Radius of Gyration; Strength of Columns, Posts and 
Struts; Strength of Steel Beams and Beam Girders; Stiffness and Deflection 
of Simple and Cantilever Beams; Strength and Stiffness of Restrained, 
Fixed and Continuous Beams; Riveted Steel Plate and Box Girders; Wood 
Framing; Fire-proofing of Buildings; Reinforced-Concrete Construction; 
Types of Roof-Trusses; Stresses in Roof-Trusses; Design and Construction 
of Roof-Trusses; and Acoustics of Buildings. New chapters on Elevator 
Service in Buildings and Architectural Shades and Shadows have been added. 

The many subjects treated in Part III have been carefully revised and 
several new subjects added. Among these are: Copper Roofs; Estimating 
Costs of Buildings; Dimensions of Athletic Fields and Courts; the Roman 
Alphabet; Lightning Conductors; Wind Stresses in Tall Buildings; Docu¬ 
ments of The American Institute of Architects; and Terms Defined in 
Building Codes. 
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viii Preface to Eighteenth Edition 

For many years the name of Thomas Nolan has been associated with the 
Handbook. His decease in 1926 was a severe loss to the profession and his 
many friends. The writer, who for many years enjoyed his friendship and 
dose assodation, is deeply indebted to him for his superior knowledge and 
helpfulness. 

The Editor-in-Chief wishes to acknowledge with appredation the coopera¬ 
tion of the Assodate Editors, who have so willingly given of their time In the 
preparation of thdr contributions. In addition to them, thanks are due to 
the architects and manufacturers of building materials who have so gradously 
submitted data; to Mr. Bradley P. Kidder; and to the publishers, whose 
valuable suggestions and cooperation have been so helpful in the preparation 
of material for the new book. It is to be hoped that in its new form it will 
be found even more useful than before, and that it will continue to occupy 
its position as a standard reference work on Building Construction. 

HARRY PARKER. 

Philadelphia, September, 1931. 


PREFACE TO CORRECTED PRINTING OF THE 
EIGHTEENTH EDITION 

Since the publication of the Eighteenth Edition of the Architects’ and Build¬ 
ers’ Handbook, business conditions throughout the country have retarded the 
building industries. The consequence of this has been a lack of development 
in materials and methods of construction which might normally be expected. 
Many materials have not been used sufficiently to prove their true value. 

The second printing of the Architects’ and Builders’ Handbook contains 
minor corrections throughout the entire book. The principal changes have 
been made in Chapter XXX, Heating and Ventilation of Buildings. Since the 
first printing, the American Society of Heating and Ventilating Engineers has 
standardized heat-transmission tables. These new standards have necessitated 
a revision of obsolete tables, and other omissions and additions have been 
made to bring the chapter into conformity with present-day practice. 

HARRY PARKER, 


Philadelphia, September, 1935, 



PREFACE TO SIXTEENTH EDITION 

The changes in the fifteenth edition, published in 1908 , consisted principally 
of the rewriting of the two chapters on fireproofing of Buildings and Reinforced 
Concrete. 

In 1912 the undersigned was asked to undertake the revision of the entire book 
with the cooperation of a corps of Associate Editors, each highly qualified to 
render the necessary assistance in matters pertaining to his own work. On 
account of the comprehensive nature of the contents of the Pocket-Book, the 
many recent changes and rapid developments in different fields of architectural 
construction, and the consequent effect of such changes on the interrelated 
subjects treated, the Editor-in-Chief decided to rewrite and reset the entire 
book. After more than three years of arduous labor, in which the Associate Edi¬ 
tors and many other contributors have most ably and generously assisted, the 
New Kidder is about to be published. 

It was decided to retain Mr. Kidder’s original arrangement of the subject- 
matter which is divided into three Parts, Part I dealing with practical applica¬ 
tions of Arithmetic, Geometry and Trigonometry, Part II with the Materials 
of Construction and the Strength and Stability of Structures, and Part HI with 
miscellaneous useful information for architects and builders. Each of the 
twenty-nine chapters of Part II, however, has the name of the Associate Editor 
who revised or rewrote it printed with the chapter-caption. Part I has been 
carefully checked and much of the matter rearranged. The twenty-eight 
chapters of Part Q have been rewritten and one new chapter has been added on 
Reinforced-Concrete Mill and Factory-Construction. Part in has been largely 
rewritten and all subjects retained have been thoroughly revised. To this part, 
also, much new matter has been added, such as extended tables of Specific Gravi¬ 
ties and Weights of Substances, Architectural Acoustics, Waterproofing for 
Foundations, the Quantity System of Estimating, the Standard Documents of 
the American Institute of Architects, Educational Societies of the World and 
extended lists of Architectural Schools, Books and Periodicals. 

The Editor-in-Chief has, with very few exceptions, personally checked on 
every page of manuscript, galley-proof and page-proof the equations, formulas, 
computations and problems, and has read or examined carefully every word, 
figure and illustration, every detail of syntax, paragraphing, punctuation and 
typography, and every arrangement of tables, captions, classifications, notation, 
Table of Contents and Index. 

He is responsible for many changes in the form of presentation of data which 
It is hoped will add to the Pocket-Book still more of that efficiency and practical 
helpfulness for which it has been so long noted. Some of these changes may be 
briefly mentioned. The text has been entirely reset; the type, while slightly 
smaller, is clearer and has the lines and paragraphs separated by wide leads; 
a special type is used for the tables; the paragraphing is revised throughout and 
every paragraph has a black-face type caption descriptive of the subject-matter; 
words in italics or with quotation-marks are seldom used, words in small caps 
taking their place; every chapter is divided into numbered chapter-subdivisions 
which are brieflv descriptive of the classified matter; the number of cross* 
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Preface to Sixteenth Edition 


references is largely increased and the page-numbers of such references are almost 
always added; many tables and diagrams which in the former editions read 
lengthwise of the page have been reset or reengraved to read across the page for 
greater convenience; the number of illustrations has been largely increased, many 
old cuts reused have been reengraved, and some diagrams printed with lines of 
different colors to make the demonstrations clearer; a descriptive caption has 
been added to every illustration; the abbreviations Chap. I, Chap. II, etc., have 
been printed with each page-caption of the left-hand pages, thus avoiding the 
necessity of referring to the Table of Contents to locate any particular chapter. 

The Editor-in-Chief decided to change some of the unit stresses, especially 
those for the different woods, and in some cases to recommend more conservative 
values, and he believes that results based upon such stresses conform to the best 
engineering practice. This change necessitated the revision of many tables and 
problems throughout the book which had to be entirely recalculated. Numer¬ 
ous practical problems with complete solutions have been added. The deriva¬ 
tion of many of the formulas used has been explained, either in the body of the 
text or in extended foot-notes, for those who wish to understand as well as to use 
such formulas, and numerous cross-references accompanying them enable the 
reader to use the Pocket-Book as a textbook for certain parts of the mechanics 
of materials as well as a handbook for office work. The tables of the properties 
of structural shapes, of safe loads for columns, beams and girders, etc., have been 
revised and numerous new tables added. The Editor has found that it is the con¬ 
sensus of opinion among architects that the insertion of these tables is a great 
convenience and for their ordinary office work condenses into one handy vol¬ 
ume much of the essential data of several manufacturers’ handbooks. 

• The difficulty of securing a unity of treatment and of avoiding repetitions and 
contradictions in a book of reference the data of which cover so many subjects 
ftnd is written by so many contributors has been fully realized; but it is believed 
that in these respects the New Kidder is reasonably successful and will meet 
with the approval of all who use it. 

Acknowledgments and thanks are due the Associate Editors for their hearty 
cooperation and generous contributions of the time and labor taken from their 
professional work. Acknowledgment is made, also, of the valuable assistance 
of all others who have furnished new or revised old data, and of many helpful 
suggestions from Mrs. F. E. Kidder and from the publishers. 

The Editor-in-Chief expresses the hope that for the architects and builders 
of this country the new Pocket-Book will continue to be, as Mr. Kidder expressed 
it in his preface to the first edition in 1884 , “a compendium of practical facts, 
rules and tables presented in a form as convenient for application as possible, 
and as reliable as our present knowledge will permit”; and also, in its present 
extension and fuller development, a work which will lead to a still clearer under¬ 
standing of the essential principles of sound architectural construction. 

THOMAS NOLAN. 


Philadelphia, September, 1915 . 



PREFACE TO FOURTEENTH EDITION 

It is now nearly twenty years since the author, then quite a young maa. 
completed the first edition of this work, which, although containing but 5^6 
pages, had required about three years for its preparation. At that time the 
author thought he had covered all of those practical details relating to the 
planning and construction of buildings, with which the architect was concerned, 
tolerably well, and it would appear as though the purchasers of the book thought 
so too, but as the years have come and gone, so many and such great improve¬ 
ments have taken place in the building world, so many articles invented, new 
methods of construction developed, higher standards established, that the present 
edition, although containing nearly three times as many pages, i* perhaps not 
more complete, for the times, than was the first edition. •! 

When preparing the first edition, it was the aim of the author to give to 
architects and builders a handbook which should be, in its field, as useful and 
reliable as Trautwine's had been to civil engineers; and with that object con¬ 
stantly in view, the book has been revised from time to time to meet the changed 
conditions in building construction and equipment. 

About three years ago it was thought, by the publishers and the author, that 
a thorough and complete revision of the book should be undertaken, and although 
the re-writing of a work of this character, even with the thirteenth edition to 
work from, involved many months of close and constant application, the utiliza¬ 
tion of those hours which one ordinarily takes for recreation, and at the best 
more or less interruption to his regular business, and consequent reduction in 
income, the writer undertook to prepare a work of a still wider scope, and which 
should be thoroughly up-to-date in every particular, or at least as far as is 
practicable, in a work requiring a period of three years in its preparation, and 
irom that time to this he has spared no labor or expense to make the book as 
useful and complete as he possibly could, without making it too bulky. 

In this revision the author has had in view: 

ist. A reference-book which should contain some information on every subject 
(except design) likely to come before an architect, structural engineer, draughts¬ 
man, or master-builder, including data for estimating the approximate cost. 

2 d. To as thoroughly cover the subject of architectural engineering as is 
practicable in a handbook. 

3 d. To present all information in as simple and convenient a form for immedi¬ 
ate application as is consistent with accuracy. To this end a great many new 
tables, arranged and computed by the author, have been inserted. 

At the time the first edition was written, the term “ Architectural Engineering’* 
had not been used in its present application, and the term “ Structural Engineer¬ 
ing,” when used, referred almost exclusively to bridge work. 

To-day, structural and architectural engineers are concerned almost exclusively 
with building construction, and their work is more closely allied to that of the 
architect than to that of the civil engineer; hence the author has had in mind 
the needs of the structural engineer and draughtsman as well as those of the 
architect and builder, and the book should be of nearly equal value to both. 

X' 
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Where it was impossible, for lack of space, to go extensively into any subject, 
references to other books or sources of information have been given, so that in 
this way the book may serve as a general index to the many lines of work, 
materials, and manufactured products entering into the planning, construction, 
and equipment of buildings. 

To attain the objects in view, it has been necessary to add considerably to the 
number of pages, but as experience has shown that the book is used principally 
at the desk or draughting-table, and is seldom carried in the pocket, it is believed 
that the convenience of having everything in one book will more than offset any 
•disadvantage resulting from increase in bulk. 

Nearly the entire book has been re-written, and great pains have been taken 
to furnish reliable data. A large number of experts in various lines have assisted 
the author, as is manifest by the foot-notes and references. To all of such, and 
to the many authors of technical works, and to the publishers of technical 
journals, who have kindly consented to the use of cuts and data, the author 
takes pleasure in acknowledging his indebtedness. Also to Mr. E. S. Hand, of 
New York, who, for many years, has rendered material assistance in collecting 
data along the line of manufactured products. 

The names and addresses of manufacturers have been given solely for the 
convenience of the users of the book, and not for any pecuniary considerations; 
in fact, if money considerations had solely appealed to the writer, this book would 
never have been re-written, because a technical work of this character can never 
adequately compensate, in money, for the time, labor, and thought required in 
its preparation. The many words of appreciation which have come to the author 
from hundreds of those who have found the book useful have been a great 
stimulus to further increase its usefulness. 

As in the former prefaces, the author requests that any one discovering errors 
in the work or who may have any suggestions looking to the further improve¬ 
ment of the book, will communicate the same to him, that the book may be made 
as complete and reliable as possible. 

Finally, the author desires to acknowledge his indebtedness to the publishers, 
who have heartily seconded his efforts in every particular, and who have spared 
'Ao pains or expense to make a perfect handbook. 

F. E. KIDDER. 

Denver, Colo., July 18th, 1904. 



CONTENTS 


PART I 

PRACTICAL ARITHMETIC, GEOMETRY AND 
TRIGONOMETRY 

PAGE 

1. PRACTICAL ARITHMETIC 3 

Mathematical Signs and Characters . 3 

Involution ... ... ... 3 

Evolution, Square Root and Cube Root. 3 

Tables op Squares, Cubes, Square Roots, Cube Roots and Recip¬ 
rocals . 7 

2 . WEIGHTS AND MEASURES.25 

Miscellaneous Tables of Weights, Measures, etc.25 

The Metric System.30 

Metric Conversion Tables.31 

Scripture and Ancient Measures and Weights.34 

Feet and Inches Converted into Metric System.35 

3. GEOMETRY AND MENSURATION.36 

Definitions.36 

Polygons . 36 

Volumes. 38 

Rules.38 

Circles . . .41 

Areas and Circumperences of Circles. 42 

Circular Arcs ... . .54 

Spheroids.60 

Mensuration op Solids.61 

4. GEOMETRICAL PROBLEMS. 66 

Tables op Chords. 31 

Hip and Jack-Rafters.90 

5. TRIGONOMETRY.90 

Trigonometric Functions, General Formulas.91 

Tables of Trigonometric Functions.95 

PART n 

STRENGTH OP MATERIALS AND STABILITY OF 
STRUCTURES 

!. Introduction.121 

2. Explanation op Notations and Symbols.122 

CHAPTER I 

EXPLANATION OF TERMS USED IN 
ARCHITECTURAL ENGINEERING 

BY 

THOMAS NOLAN 

LATE PROFESSOR OP ARCHITECTURAL CONSTRUCTION, UNIVERSITY op PENNSYLVANIA 

1. Definitions op Some op the Terms Used in the Mechanics op Materials. 124 
1. Classification op the Principal Stresses Caused in Bodies by External 

Forces.127 































xiv Contents 

CHAPTER n 

FOUNDATIONS 

BY 

DANIEL E. MORAN 


MEMBER OF AMERICAN SOCIETY OF CIVIL ENGINEERS 

PAGE 

1. Definition op the Word and Terms Used.129 

2. General Requirements.129 

3. Geological Considerations. ..130 

4. Composition and Classification of Rocks .130 

5. Geology of Earthy Material.133 

6. Materials Composing Foundation-Beds.134 

7. Characteristics of the Materials of Foundation-Beds .... 135 

8. Allowable Loads on Materials of Foundation-Beds.140 

9. Unit Loads on Foundation-Beds Allowed by Building Codes . . 142 

10. Investigation of the Site.142 

11. Loading-Tests. . .145 

12. Topographical and Special Conditions.146 

13. Loads Coming on the Footings.149 

14. Assumed Loads Specified by Building Codes . 151 

15. Proportioning the Supporting Areas for Equal Settlement. . . 154 

16. Determining the Supporting Areas.162 

17. Offset Footings.166 

18. The Use of Cantilevers in Foundations.168 

19. Stresses on Footing Courses . 172 

20. Methods of Calculating Bending-Stresses in Wall-Footings . . 175 

21. Bending Moments in Footings of Columns and Piers . . . 179 

22. Design of the Footings. . . .181 

23. Steel Grillages in Foundations.184 

24. Reinforced-Concrete Footings 188 

25. Timber Footings for Temporary Buildings.188 

26. General Conditions Affecting Foundations and Footings ... 190 

27. Wooden-Pile Foundations . 191 

28. Concrete-Pile Foundations 199 

29. Foundation Piers and Foundation Walls.203 

30. Methods of Excavating for Foundations.203 

31. Protection op Adjoining Structures.224 


CHAPTER III 

MASONRY WALLS. FOOTINGS FOR LIGHT 
BUILDINGS. CEMENTS AND CONCRETES 

BY 

CHARLES M. GAY 

PROFESSOR OF ARCHITECTURAL CONSTRUCTION, UNIVERSITY OF PENNSYLVANIA 


1. Footings for Light Buildings 232 

2. Cellar Walls and Basement Walls. 234 

3. Walls of the Superstructure . 236 

4. Natural Cements and Mortars . 240 

5. Artificial Cements and Mortars.241 

6. Concrete. 246 


CHAPTER IV 

RETAINING-WALLS, BREAST-WALLS AND 
VAULT-WALLS 

BY 

GRENVILLE TEMPLE SNELLING 

LATB MEMBER Of AMERICAN INSTITUTE OI ARCHITECTS 


1 . Mechanical Principles Involved. 261 

2. Retaining-Walls.264 































Contents 


xv 


PAGE 


3. Breast-Walls.271 

4. Vault-Walls.272 


CHAPTER V 

STRENGTH OF BRICKS, STONE, MASS 
CONCRETE AND MASONRY 


BY 

CHARLES M. GAY 

PEOPESSOE OP ARCHITECTURAL CONSTRUCTION, UNIVERSITY OP PENNSYLVANIA 


1. Crushing Strength op Stonework, Brickwork, Bricks, etc. ... 274 

2. Strength of Terra-Cotta and Terra-Cotta Piers. 286 

3. Crushing Strength of Building Stones . . 290 

4. Compressive Strength of Mortars and Concretes. 297 


CHAPTER VI 

FORCES AND MOMENTS 

BY 

MALVERD A. HOWE 

professor op civil engineering, rose polytechnic institute 


1. Composition and Resolution op Forces. .302 

2. Moments of Forces. 303 

3. Center op Gravity ... .305 


CHAPTER VII 

STABILITY OF PIERS AND BUTTRESSES 


BY 

GRENVILLE TEMPLE SNELLING 

LATE MEMBER OP AMERICAN INSTITUTE OP ARCHITECTS 


1. Mechanical Principles Involved. 311 

2. Buttresses with Offsets 312 

3. Line of Pressure or Line of Resistance. 314 

4. Method op Moments. 315 

5. Graphical Method. 317 


CHAPTER VIII 

THE STABILITY OF MASONRY ARCHES 

BY 

GRENVILLE TEMPLE SNELLING 

LATE MEMBER OP AMERICAN INSTITUTE OF ARCHITECTS 


1. Arches . 

2. Brick Arches .... . 

3. Segmental Arches with Tie-Rods. 

4 . Depth op Keystones. 

5. Graphic Determination op the Stability op Arches 


319 

320 

321 

322 
325 


















xvi 


Contents 


CHAPTER IX 

REACTIONS AND BENDING MOMENTS 
FOR BEAMS 

BY 

CHARLES P. WARREN 

XATS ASSISTANT PROFESSOR OF ARCHITECTURE, COLUMBIA UNIVERSITY 

PAGM 


1. Reactions por Simple Beams ... ... 33o 

2. Bending Moments in Cantilever and Simple Beams . ... 339 

3. Bending Moments in Beams for Different Kinds op Loading . . 339 

4 . Graphic Method of Determining Bending Moments in Beams 342 

5. Reactions and Bending Moments for Beams with Triangular Loading 

and for Beams Fixed at Both Ends.345 


CHAPTER X 

PROPERTIES OF STRUCTURAL SHAPES, MOMENT 
OF INERTIA, MOMENT OF RESISTANCE, SEC¬ 
TION MODULUS AND RADIUS OF GYRATION 

BY 

HARDY CROSS 

PROFESSOR OF STRUCTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 

1. General Remarks 

2. Moment of Inertia, Product of Inertia and Radius of Gyration 

3. Section Modulus. Moment of Resistance, Coefficient of Strength 

4. Kern. Bending Factor . 

5. Graphical Analysis of Section. . 

6. Commonly Used Properties. 

7. Compound Shapes. 

8. Examples . . 

9. Tables of Properties. . 


346 

346 

348 

349 

350 

351 

352 

353 
359 


CHAPTER XI 

RESISTANCE TO TENSION. PROPERTIES OF 
IRON AND STEEL 


BY 

HERMAN CLAUDE BERRY 

PROFESSOR OF MATERIALS OF CONSTRUCTION, UNIVERSITY OF PENNSYLVANIA 


1. Definitions, Working Stresses and Examples. 

2. Wrought Iron. 

3. Cast Iron. 

4. Steel. . 

5. Standard Specifications for Structural Steel for Buildings 

6. Tension Members. ... . 

7. Wire. 

8. Wire Rope. . 

9. Cotton, Hemp and Manila Rope. 

to. Chains. 


410 

411 
413 
415 
417 
420 
435 
439 
441 
443 






















Contents 


xvii 


CHAPTER Xn 

RESISTANCE TO SHEAR, RIVETED JOINTS, 
PINS AND BOLTS 

BY 

HERMAN CLAUDE BERRY 

PROFESSOR OF MATERIALS OF CONSTRUCTION, UNIVERSITY OF PENNSYLVANIA 

PAGE 


t. Shear. ... 446 

•J. Riveted Joints . .... 448 

3. Strength of Pins in Trusses.458 

4. Strength of Bolts in Wooden Trusses and Girders.464 


CHAPTER XIII 

BEARING-PLATES AND BASES FOR COLUMNS, 
BEAMS AND GIRDERS. BRACKETS ON 
CAST-IRON COLUMNS 

BY 

HERMAN CLAUDE BERRY 

PROFESSOR OF MATERIALS of CONSTRUCTION, UNIVERSITY OF PENNSYLVANIA 


1. Bearing-Plates and Bases .475 

2. Bearing-Brackets on Cast-Iron Columns.480 


CHAPTER XIV 

STRENGTH OF COLUMNS, POSTS AND STRUTS 


BY 

HARDY CROSS 

PR0FES80R OF STRUCTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 


AND 

F. THEODORE MAVIS 


ASSOCIATE PROFESSOR OF MECHANICS AND HYDRAULICS, UNIVERSITY OF IOV'A 


1. General Principles and Definitions 

2. Column Formulas . 

3. Stresses in Columns. 

4. Timber Columns. 

5. Cast-Iron Columns. 

6. Lally Columns. 

7. Composite Columns. 

8. Stbel Columns. 


183 

484 

489 

491 

498 

505 

507 

509 


CHAPTER XV 

STRENGTH OF STEEL BEAMS AND 
BEAM GIRDERS 


BY 

HARDY CROSS 


professor or structural engineering, university or Illinois 

1. General Remarks on Beams. 

2. Bending Stresses. 

3. Shearing Stresses. 


$82 

S85 

589 




















xviii 


Contents 


4 . Deflection of Beans . 

5. Rolled Steel Beans . 

6. Design of Steel Beams 

7. Tables foe Steel Beams 

8. Examples .... 

9. Tables. 


PAGE 
59 i 
592 
595 
599 
601 
605 


CHAPTER XVI 

STRENGTH OF BUILT-UP, FLITCHED AND 
TRUSSED WOODEN GIRDERS 

BY 

R. P. DAVIS 

ASSISTANT DEAN, COLLEGE OF ENGINEERING, WEST VIRGINIA UNIVERSITY 


1. Built-up Wooden Girders ... .632 

2. Flitched Beams or Flitch-Plate Girders .636 

3. Trussed Beams and Girders .637 


CHAPTER XVII 

STIFFNESS AND DEFLECTION OF SIMPLE 
AND CANTILEVER BEAMS 


BY 

C. E. PALMER 

PROFESSOR OF ARCHITECTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 


1. General Principles of the Deflection of Beams. . . ... 642 

2. Deflection of Steel Beams.644 

3. Deflection of Timber Beams .650 


CHAPTER XVIII 

STRENGTH AND STIFFNESS OF RESTRAINED, 
FIXED AND CONTINUOUS BEAMS 

BY 

C. E. PALMER 

PROFESSOR OF ARCHITECTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 


1. Definitions.<368 

2 . General Considerations of Restrained and Continuous Beams 669 

3. Shears, Moments and Deflections for Fully Restrained Beams. 670 

4. Comparison of Freely Supported and Restrained Beams .... 676 

5. Shears and Moments for Continuous Beams .677 

6. Continuous Beams with Outer Ends of End Spans Restrained . 682 

7. Moment and Shear Coefficients for Continuous Beams of Equal 

Spans and Symmetrical Loading .683 

8. Continuous Beams with Variable Moment of Inertia .... 685 

9. Graphical Methods of Shears and Moments for Continuous beams . 686 

10. Deflection of Continuous Beams.690 

1 L Beams op One Span, Restrained at One End Only. 691 



















Contents 


CHAPTER XIX 

RIVETED STEEL PLATE AND BOX GIRDERS 

BY 

HARDY CROSS 

PROFESSOR 07 STRUCTURAL ENGINEERING, UNIVERSITY OR ILLINOIS 


1. General Considerations on Plate and Box Girders 

2. The Web. . 

3. The Flanges. 

4 . Method op Design ... 

5. Deplection op Plate Girders ... ... 

6. Examples. 


page 

695 

696 
698 

702 

703 

704 


CHAPTER XX 

WOOD FRAMING 

BY 

CHARLES M. GAY 

PROPESSOR OF ARCHITECTURAL CONSTRUCTION, UNIVERSITY OP PENNSYLVANIA 


1. General Considerations.717 

2. Light Wood Framing. 721 

3. Stiffness of Framed Buildings.724 

4 . Framing Details .728 

5. Partitions. 733 

6. Roof Construction ... 735 

7. Design. 740 

8. Sections, Stresses, Buckling and Deflection of Wood Beams . . 742 

9. Working Unit Stresses for Commercially Dry Lumber .... 742 

10. Constants and Coefficients for Beams.752 

11. Flexural Strength of Wooden Beams 753 

12. Application of Formulas for Flexural Strength of Wooden Beams. 755 

13. Relative Strength of Beams .758 

14. Tables of Strength and Stifpness of Wooden Beams.759 

15. Maximum Spans for Floor-Joists and Rafters Uniformly Loaded . 776 

16. Determination of Size and Spacing of Wood Joists and Rafters . 831 

17. Examples . . v .834 

18. Timber Columns. 840 

19. Stud Partitions ... 843 

20. Mill Floors.844 

21. Strength of Existing Floors.849 

22. Bridging and Framing.852 


CHAPTER XXI 

WOODEN MILL AND WAREHOUSE- 
CONSTRUCTION 

BY 

A. P. STRADLING 

SUPERINTENDENT of SURVEYS, PHILADELPHIA FIRE UNDERWRITERS* ASSOCIATION 


1. Mill-Construction.854 

2. What Mill-Construction Is.854 

3. What Mill-Construction Is Not.855 

4. Standard Mill-Construction.856 

5. Belts, Stairways and Elevator-Towers.860 

6. Standard Storehouse-Construction.861 
































Contents 


xx 


7. Examples op One-Story Work-Shop. 

8. Saw-Tooth Roof-Construction. 

9. Mill-Construction as Applied to Warehouses. 

10. Steel and Iron Structural Members in Warehouse-Construction . 

11. Structural Details op Mill-Construction as Applied to Factories 

and Warehouses. . 

12. Connections op Floor-Beams and Girders. 

13. Wall-Supports and Anchors for Joists and Girders. 

14. Weakness op Wrought-Iron Stirrups When Exposed to Fire . . 

15. Post and Girder-Connections . 

16. Form and Material op Post-Caps . 

17. Roofing-Materials .... . 

18. Partitions. . 

19. Doors and Shutters . . . 

20. Fire-Protection. 


PAGE 

865 

868 

873 


876 


878 

885 

888 

890 

891 
891 


896 

897 
897 


897 


CHAPTER XXII 

FIRE-PROOFING OF BUILDINGS 

BY 

GEO. E. STREHAN 

CONSULTING engineer 


1. Fire-Resistive Construction. 899 

2. Limitations of Non-Fire-Proof Construction. 905 

3. Comparative Costs 908 

4. Fire-Resistance of Building Matf.rials. 909 

5. Fire-Resistive Specifications and Properties of Materials . . .911 

6. Column, Truss and Girder Assemblies. 931 

7. Fire-Resistive Floor-Construction. 949 

8. Fire-Resistive Ceilings. 991 

9. Types of Reinforcement 997 

10. Fire-Resistive Roof-Construction. 1005 

11. Roof-Coverings. 1021 

12. Fire-Resistive Wall Assemblies. 1021 

13. Fire-Resistive Partitions. 1038 

14. Types and Properties of Metal Lath. 1058 

15. Sound Insulation and Fire-Resistance. 1068 

16. Wall Furring. 1072 

17. Fire-Resistive Floorings. 1074 

18. Interior Finish and Trim. 1079 

19. Stair Construction .... 1087 

20. Opening Protectives. 1088 

21. Fire-Resistive Furniture and Equipment. 1098 

22. Fire-Preventive and Fire-Fighting Devices .. 1098 


CHAPTER XXIII 

REINFORCED-CONCRETE CONSTRUCTION 


BY 

THEODORE CRANE 


PROFESSOR OF ARCHITECTURAL ENGINEERING, SCHOOL OF FINE ARTS, 
YALE UNIVERSITY 

1. Introduction. 

2. Materials Used in Reinforced-Concrete Construction . . . 

3. Design of Reinforced-Concrete Construction. 

Loads and Stresses. 

Flexure Formulas for Reinforced-Concrete Members . . . 

Bending Moments . . . 

Shear and Diagonal Tension... 

The Design of Rectangular Beams. 

The Design op Slabs. 


1107 

1109 

1117 

1117 

1121 

1129 

1136 

1142 












































Contents 


xxi 


Compression Reinforcement in Beams and Girders. 

The Design of T-Beams and T-Girders. 

Contraction and Expansion Joints. 

Combination Floor Systems .. 

Design of Ribbed-Floor Construction. 

Design of Girderless Floor Construction. 

Design of Reinforced-Concrete Columns. 

Design of Reinforced-Concrete Footings. 

Stairs, Walls and Parapets . . . 

4. Erection of Reinforced-Concrete Construction . . 

Forms for Concrete. 

Reinforcement . 

Proportioning the Ingredients of Concrete . 

Proportioning Concrete by the Water-Cement Ratio . 

Mixing, Conveying and Depositing Concrete . 

Curing Concrete. . 

Finishing Concrete Surfaces. 


PACK 

1155 

1159 

1166 

1167 

1173 

1174 
1186 
1199 
1213 
1221 
1221 
1227 
1230 
1233 
1241 
1243 
1249 


CHAPTER XXIV 

TYPES OF ROOF-TRUSSES 


BY 

C. E. PALMER 

professor of architectural engineering, UNIVERSITY OF ILLINOIS 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 


Definitions. . 

Classification of Trusses. 

Types of Roof-Trusses ... . 

Composite Trusses of Timber and Steel Rods. 

Lattice Trusses of Wood ... . 

Ornamental Timber Roof-Trusses . 

Arched Roofs of Timber-Construction. 

Types of Steel Roof-Trusses. 

Special Forms of Steel Roof-Trusses . . 

Long-Span Roof-Truss Construction. 

Trussed Arch Roof-Construction. 

Two-Hinged Arch Roof-Construction . 

Cantilever Roof-Construction ... 

References to Engineering Literature Relative to Steel Roof- 
Construction . 


1253 

1254 
1256 
1259 
1264 
1267 
1276 
1281 
1282 
1284 
1287 

1294 

1295 


1300 


CHAPTER XXV 

STRESSES IN ROOF-TRUSSES 

by 

C. E. PALMER 

PROFESSOR OF ARCHITECTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 


1. General Considerations and Definitions.1304 

2. Reactions.1305 

3. Stresses in Roof Trusses.1314 

4. Stresses in Cantilever and Unsymmetrical Trusses.1336 

5. Maximum and Minimum Stresses . 1341 

6. Examples of Stress-Diagrams for Various Types of Trusses . 1346 

7. Types of Trusses Requiring Special Consideration.1358 

8. The Three-Hinged Arch.. . 1371 

9. Stresses in Redundant Members.1377 

10. Stresses in a Two-Hinged Arch.1383 

11. Ths Fixed Arch.1390 

12. Arches with Solid Ribs.1391 





































Contents 


xxii 


CHAPTER XXVI 

DESIGH AND CONSTRUCTION OF 
ROOF-TRUSSES 

BY 

C. E. PALMER 

PROFESSOR OF ARCHITECTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 

PAGE 


1. Data for the Design of Roof-Trusses.1393 

2. Stress Coefficients .... 1400 

3. General Arrangement of Roof Framing Plan. 1408 

4. Design of Rafters, Hips and Valleys. 1412 

5. Design of Purlins 1415 

6. Details of Timber Construction . 1421 

7. Detailed Design of Timber Roof-Construction. 1430 

8 . Steel Frame Roof-Construction 1457 

9. Detailed Design of Steel Roof-Construction. 1475 


CHAPTER XXVn 

ELEVATOR SERVICE IN BUILDINGS 

BY 

E. W. YEARSLEY 

OF THE OTIS ELEVATOR COMPANY NEW YORK, N. Y. 


1 General Conditions ... .1490 

2. Types of Buildings Requiring Elevators. 1494 

3. Types and Capacities. 1496 

4. Elevator Apparatus. 1501 

5. Operating Devices. ... . 1506 

6. Cost of Elevator Service 1509 

7. Construction and Design of Elevator-Cabs. 1509 

8 . Signal Systems . 1509 

9. Dispatching Devices. 1510 


CHAPTER XXVIII 

SPECIFICATIONS FOR THE STRUCTURAL 
STEEL-WORK OF BUILDINGS. DATA ON 
STRUCTURAL STEEL 

BY 

ROBINS FLEMING 

OF THE AMERICAN BRIDGE COMPANY, NEW YORK, N. Y. 


1. General.. 

2. Material. 

3. Loads. 

4. Stresses. 

5. Design.. 

6. Details. 

7. Workmanship. 

8. Painting.. 

9. Inspection. 

10. Erection. 

Data on Structural Steel 


. 1511 
. 1512 
. 1513 
. 1517 
. 1518 
. 1519 
. 1520 
. 1520 
. 1521 
. 1521 
. 1522 
































Contents 


xxiii 


CHAPTER XXIX 

DOMICAL AND VAULTED STRUCTURES 


BY 

EDWARD F. RIES 


CONSULTING ENGINEER, SAN ANTONIO, TEXAS 


1. Domes. 

(1) Smooth-Shell Domes 

(2) Ribbed Domes 

2. Vaults . 

(1) Barrel Vaults . 

(2) Groined Vaults 

(3) Ribbed Vaults . 


PAGE 

1530 

1530 

1539 

1548 

1548 

1552 

1557 


CHAPTER XXX 

HEATING AND VENTILATION OF BUILDINGS 

BY 

LOUIS A. HARDING 

FORMER PRESIDENT OF THE AMERICAN SOCIETY OF HEATING 
AND VENTILATING ENGINEERS 


Physical Units and the Measurement of Heat.156! 

Heat.1563 

Steam.1565 

Properties of Air ... 1568 

Estimating Heating Requirements of Buildings.1570 

Radiation 1580 

Fuels and Combustion ... 1586 

Steam and Hot-Water Heating Boilers. . 1589 

Direct Steam Heating 1601 

Design of Low-Pressure Steam-Heating Systems.1612 

Gravity Indirect Heating . 1620 

Direct Hot-Water Heating 1624 

Warm-Air Furnace Heating .... . 1632 

The Design of a Gravity Warm-Air Furnace Heating-System 1637 

Central Fan Heating . . .1657 

Hot-Blast Indirect Heaters 1662 

Design of Air-Ducts. 1667 

Ventilating Fans.1676 

Ventilation. 1686 

Typical Specification for a Low-Pressure, Vapor or a Vacuum System 
of Heating.1693 


CHAPTER XXXI 

CHIMNEYS 


BY 

LOUIS A. HARDING 


FORMER PRESIDENT OF THE AMERICAN SOCIETY OF HEATING AND 
VENTILATING ENGINEERS 

Draft and Draft-Loss. 

Determination of Size of Chimney. 

Chimneys for Tall Office and Loft-Buildings. 

Formulas for the Design of Brick Chimneys. 

Reinforckd-Concrete Chimneys. 

Self-Sustaining Steel Chimneys. 

Radial-Brick Chimneys. 

List of Tall Chimneys. 


1700 

1702 

1704 

1704 

1709 

1712 

1713 

ms 


































XXIV 


Contents 


CHAPTER XXXII 

HYDRAULICS, PLUMBING AND DRAINAGE, GAS 
AND GAS PIPING 


J. J. COSGROVE 

CONSULTING ENGINEER 


Hydraulics. . 

Private Water-Supply. Pumps .... 
Windmills 

Pneumatic Water-Supply Systems . . 

Horse-Power Required to Raise Water 
Construction op Cylindrical Wooden Tanks 
Capacity of Tanks .... 

Plumbing, Definitions of Terms . . . 

Traps ... . 

Drainage System. 

Rain Leaders . 

Water Consumed in Buildings. 

Supply Pipes . 

Water Required for Various Purposes 
Proportioning Mains and Branches . . . 

Hot-Water Supply . 

Drinking-Water for Buildings .... 
Swimming Pools .... ... 

Expansion of Pipes. 

Liquid-Soap Systems . 

Tests for Plumbing Systems. 

Gas and Gas Piping ... 

Piping a House for Gas. 


page 

1717 

1730 

1734 

1735 

1736 
1739 
1742 

1745 

1746 

1747 

1752 

1753 
1755 
1758 
1760 
1762 

1768 

1769 
1771 
1773 
1775 

1775 

1776 


CHAPTER XXXIII 

ILLUMINATION of buildings 


BY 

W. H. TIMBIE 


PROFESSOR OF ELECTRICAL ENGINEERING, MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 


AND 

P. H. MOON 

ASSISTANT PROFESSOR, MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


General Aims. 1781 

Nature of Light. 1781 

Illumination. 1783 

Light Sources ... 1785 

Calculation of Illumination. 1789 

Design of a Lighting Installation. 1793 

Standards of Illumination. 1803 

Three General Systems of Lighting. 1812 

Spacing of Outlets 1812 

Daylighting of Interiors 1815 

Th* Diffusion of Light through Windows. 1825 

Floodlighting of Buildings. 1828 

Design of a Floodlight Installation. 1829 

Refxxxnce Books on Illumination. 1831 








































Contents 


XXV 


CHAPTER XXXIV 
ELECTRIC WIRING 

BY 

W. H. TIMBIE 

professor o t electrical engineer no, Massachusetts institute 

OF TECHNOLOGY 
AND 

P. H. MOON 

ASSISTANT PROFESSOR, MASSACHUSETTS INSTITUTE OP TECHNOLOGY 


PAGE 

General Conditions and Definitions .... 1832 

Electric-Lighting Systems Used for Supplying Electrical Energy to 

Lamps.1838 

Methods of Connecting Lamps.1838 

Wire Calculations.1842 

Carrying Capacity of Wires and Cables.1845 

Example of Wiring.1849 

Switches.1850 

Methods of Wiring.1852 

Extracts from the National Electrical Code 1853 

General Suggestions for Electric Work .1853 

Specifications for Interior Wiring .... 1854 

Standard Wiring-Symbols.1856 


CHAPTER XXXV 

ACOUSTICS OF BUILDINGS 

BY 

F. R. WATSON 

PROFESSOR OF EXPERIMENTAL PHYSICS, UNIVERSITY OP ILLINOIS 


1. Acoustics of Auditoriums: 

Action of Sound in a Room.1858 

Reverberation.1860 

Coefficients of Sound Absorption.1863 

Examples of Acoustic Adjustment of a Room.1864 

Selection of Absorbing Materials.1865 

2. Soundproofing in Buildings.1866 

Types of Sound to be Considered .1866 

Transmission of Sound through a Partition.1867 

Loudness of Sounds.1868 

Numerical Example of Transmission of Sound.1869 

Experimental Values of Sound Reduction by Partitions . . . 1870 

Reference Books on Acoustics.1873 


CHAPTER XXXVI 

ARCHITECTURAL SHADES AND SHADOWS 

BY 

GEORGE W. BAUMEISTER 

assistant professor of graphics, school of fine arts, 

UNIVERSITY OF PENNSYLVANIA 


1. Relation to Architectural Drafting.1874 

2. Character and Scope.1876 

3. Conventions.1881 

4 . Definitions and Principles .1882 





























XX vi 


Contents 


5. Theory op Casting Shadows. 1884 

6. Standard Architectural Shadows.1888 

7. Practice of Casting Shadows .1899 

8. Determining and Forecasting Shade Lines.1903 

9. Vocabulary.1907 


PART in 

MISCELLANEOUS DATA 

Specific Gravity and Weights.1919 

Wire-Gauges and Metal Data.1927 

Nails and Screws.1947 

Data on Excavating.1954 

Data on Stonework.1955 

Data on Bricks and Brickwork. 1956 

Estimating Quantities of Brickwork.1961 

Lime.1963 

Sand and Gravel.1969 

Lathing and Plastering.1969 

Data on Lumber and Carpenter’s Work .... 1972 

Building Papers, Buildings Felts, Quilts and Insulators.1978 

Paint and Varnish.1981 

Window-Glass and Glazing.1987 

Memoranda on Roofing.1994 

Memoranda on Tiling .... .2020 

Asphaltum. 2023 

Mineral Wool. . .... 2024 

Estimating the Cost of Buildings. ... 2026 

The Quantity System of Estimating. .... 2054 

Dimensions and Data Useful in the Preparation of Architects* Draw¬ 
ings and Specifications. 2056 

Athletic Fields and Courts. 2072 

Mail Chutes ... 2088 

Refrigerators. .... 2090 

Recommendations for Construction of Cooling Rooms and Large 

Refrigerators. ... . 2095 

Mechanical Refrigeration. 2097 

Tower Clocks. .2106 

Library Book-Stacks. ... 2107 

Classical Moldings. 2108 

The Classical Orders.2109 

Roman Alphabet . 2116 

Lightning Conductors. 2120 

Vacuum Cleaning .. 2122 

Waterproofing for Foundations.2123 

Force of the Wind.2133 

Wind-Stresses in Tall Buildings.2133 

Horse-Power, Pulleys, Gears, Belting and Shafting.2142 

Chain-Blocks, Hoists and Hooks.2144 

Bells.2147 

Symbols for the Apostles and Saints. 2149 

Documents of the American Institute of Architects.2150 

1. Documents of a Permanent Nature, Titles and Prices . . . .2150 

2. Professional Practice of Architects.2151 

3. General Conditions of the Contract for the Construction of 

Buildings. 2153 

4. Standard Form of Agreement between Contractor and Owner fcr 

Construction of Buildings.2165 

5. Architectural Competitions.2167 

Glossary.2168 

Architectural Terms as Defined in Various Building Codes . . . 2239 

INDEX 


2249 























































PART I 

PRACTICAL 

ARITHMETIC, GEOMETRY AND TRIGONOMETRY 


RULES, TABLES AND PROBLEMS 




Involution and Evolution 


3 


1. PRACTICAL ARITHMETIC 
Mathematical Signs and Characters * 

The following signs and characters are generally used to denote and abbrevU 
ate the several mathematical operations: 

The sign — means equal to, or equality; 

— means minus or less, or subtraction; 

*f means plus, or addition; 

X means multiplied by, or multiplication; 

or / means divided by, or division; 

2 rare indexes or powers, meaning that the number to which they 
2 l are added is to be squared ( 2 ) or cubed ( 8 ) ; 

: is to 1 

:: so is >are signs of proportion; 

: to J 

\/ is the radical sign and means that the square root of the num¬ 
ber before which it is placed is to be extracted; 
means that the cube root of the number before which it is 
placed is to be extracted; 

-the bar indicates that all the numbers under it are to be taken 

together; 

() the parenthesis means that all the numbers between are to be 
taken as one quantity; 

. means decimal parts; thus, 2.5 means 2^io> 0-46 means 4 %oo- 
° means degrees, ' minutes and " seconds; 

means hence; 

' means feet; 

" means inches. 

Involution 

To Square a Number, multiply the number by itself, and the product will 
be the square; thus, the square of 18 — 18* <=* 18 X 18 — 324. 

The Cube of a Number is the product obtained by multiplying the number 
by itself, and that product by the number again; thus, the cube of 14 == 14 3 ■ 
14 X 14 X 14 - 2 744. 

The Fourth Power of a Number is the product obtained by multiplying 
the number by itself four times; thus, the fourth power of 10 » 10 4 - 10 X 
10 X 10 X 10 - 10 000. 

Evolution 

Square Root. Rule for extracting the square root of a number: 

(1) Divide the given number into periods of two figures each, commencing 
at the right if it is a whole number, and at the decimal point if there are 
decimals; thus, 10236.8126. 

(2) Find the largest square in the left-hand period, and place its root in the 
quotient; subtract the said square from the left-hand period, and to the 
remainder bring down the next period for a new dividend. 

(3) Double the root already found, and annex one cipher for a trial-divisor; 

see how many times it will go in the dividend, and put the number in the 
quotient and also in place of the cipher ^»'dsor. Multiply this final 

* See, also, Introduction to Part II. 
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divisor by the number in the quotient just found, subtract the product from 
the dividend, and to the remainder bring down the next period for a new 
dividend and proceed as before. If it should be found that the trial divisor 
cannot be contained in the dividend, bring down the next period for a new divi¬ 
dend, annex another cipher to the trial divisor, put a cipher in the quotient 
and proceed as before. 

Example. 10236.8i26 (101.17, the square root 

201)0236 

201 

2021)3581 

2021 

20227)156026 

111589 

14437 

Cube Root. To extract the cube root of a number, point off the number 
from right to left into periods of three figures each, and, if there is a decimal, 
commence at the decimal point and point off into periods, going both ways. 

Ascertain the highest root of the first period, and place it to the right of the 
number, as in long division; cube the root thus found and subtract from the 
first period; to the remainder annex the next period; square the root already 
found, multiply by three and annex two ciphers for the trial divisor. Find 
how many times this trial divisor is contained in the dividend and write the 
result in the root. 

Add together the trial divisor, three times the product of the first figure of 
the root by the second with one cipher annexed, and the square of the second 
figure in the root; multiply the sum by the last figure in the root, and subtract 
from the dividend; to the remainder annex the next period and proceed as 
before. 

When the trial divisor is greater than the dividend, write a cipher in the 
root, annex the next period to the dividend and proceed as before. 

Example. Required, the cube root of 491039 or v''493039 

493039(79, the cube root 
7 x 7 X 7 - 343 
7 x 7 X 3 - 14700 j 50039 
7X9X3- 1890 
9 X 9 - 81 

16671 150039 

Example. Required, the cube root of 403583.419 or ^403583.419 

403583.419(73.9, the cube root 
7 x 7 X 7 - 343 


7 x 7 X 3 - 14700 

7 X 3 X 3 - 630 

60583 

3 X 3 - 9 


15339 

46017 

73 X 73 X 3 - 1598700 
73 X 9 X 3 - 19710 

14566419 

9 X 9 - 81 


1618491 

14566419 




Evolution 


Example. Required, the cube root of 158252.632929 or *^158252.632929 

158252.632929(54.09, the cube root 
5 X 5 X 5 - 125 


5 X 5 X 3 - 7500 

33252 

5X4X3 « 600 


4 X 4 - 16 


8116 

32464 

540 X 540 X 3 - 87480000 

788632929 

540 X 9 X 3 « 145800 


9X9* 81 


87625881 

788632929 




TABLES 

OF 

SQUARES, CUBES, SQUARE ROOTS, CUBE 
ROOTS AND RECIPROCALS 


From 1 to 1054 


The following table, taken from Searles* Field Engineering, will be 
found of great convenience in finding the square, cube, square root, cube 
root and reciprocal of any number from 1 to 1054. The reciprocal of 
a number is the quotient obtained by dividing 1 by the number. Thus, 
the reciprocal of 8 is 1 8 = 0.125. 
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IPart 1 


No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 


Squares 

Cubes 

Square 

roots 

Cube roots 

Reciprocals 

1 

1 

1.0000000 

1.0000000 

1.000000000 

4 

8 

1.4142136 

1.2599210 

.500000000 

9 

27 

1.7320508 

1 4422496 

.333333333 

16 

64 

2.00000(H) 

1.5874011 

.250000000 

25 

125 

2.2360680 

1 7099759 

.200000000 

36 

216 

2.4494897 

1 8171206 

.166666667 

49 

343 

2.6457513 

1.9129312 

.142857143 

64 

512 

2 8284271 

2 0000000 

.125000000 

81 

729 

3.0000000 

2.0800837 

.111111111 

100 

1000 

3.1622777 

2.1544347 

.100000000 

121 

1331 

3.3166248 

2 2239801 

.090909091 

144 

1728 

3.4641016 

2.2894286 

.083333333 

1G9 

2197 

3 6055513 

2.3513347 

.07692307 7 

196 

2744 

3.7416574 

2.4101422 

.071428571 

225 

3375 

3.8729833 

2.4662121 

.066666667 

256 

4096 

4.0000000 

2.5198421 

.062500000 

289 

4913 

4.1231056 

2.5712816 

.058823529 

324 

5832 

4.2426407 

2.6207414 

.055555556 

361 

6859 

4.3588989 

2.6684016 

.052631579 

400 

8000 

4.4721360 

2.7144177 

.050000000 

441 

9261 

4.5825757 

2.7589243 

.047619048 

484 

10648 

4.6904158 

2.8020393 

.045454545 

529 

12167 

4.7958315 

2.8438670 

.043478261 

576 

13824 

4.8989795 

2.8844991 

.041666667 

625 

15625 

5.0000000 

2.9240177 

.040000000 

676 

17576 

5.0990195 

2.9624960 

.038461538 

729 

190S3 

5.1961524 

3 0000000 

.037037037 

784 

21952 

5.2915026 

3.0365889 

.035714286 

841 

24389 

5.3851648 

3.0723168 

.034482759 

900 

27000 

5.4772256 

3.1072325 

.033333333 

961 

29791 

5 5677644 

3.1413806 

.032258065 

1024 

32768 

5.6568542 

3.1748021 

.031250000 

1089 

35937 

5.7445626 

3.2075343 

.030303030 

1156 

39304 

5.8309519 

3.2396118 

.029411765 

1225 

42875 

5.9160798 

3.2710663 

.028571429 

1296 

46656 

6.0000000 

3.3019272 

.027777778 

1369 

50653 

6.0827625 

3.3322218 

.027027027 

1444 

54872 

6.1644140 

3.3619754 

.026315789 

1521 

59319 

6.2449980 

3.3912114 

.025641026 

1600 

64000 

6.3245553 

3.4199519 

.025000000 

1681 

68921 

G. 4031242 

3.4482172 

.021390244 

1764 

74088 

6.4807407 

3.4760266 

.023809524 

1849 

79507 

6.5574385 

3.5033981 

.023255814 

1936 

85184 

6.6332496 

3.5303483 

.022727273 

2025 

91125 

6.7082039 

3.5568933 

.022222222 

2116 

97336 

6.7823300 

3.5830479 

.021739130 

2209 

103823 

6.8556546 

3.6088261 

.021276600 

2304 

110592 

6.9282032 

3.6342411 

.020833333 

2401 

117649 

7.0000000 

3.6593057 

.020408163 


125000 

7.0710678 

3.6840314 

.020000000 

2601 

132651 

7.1414284 

3.7084298 

.019007843 

2704 

140608 

7.2111026 

3.7325111 

.019230769 

2809 

148877 

7.2801099 

3.7562858 

.018867925 

2916 

157464 

7.3484692 

3.7797631 

.018518519 

3025 

166375 

7.4161985 

3.8029525 

.018181818 

3136 

175616 

7.4833148 

3 8258624 

.017857143 

3249 

185193 

7.5498344 

3.8485011 

.017543860 

3364 

195112 

7.6157731 

3.8708766 

.017241379 

3481 

205379 

7.6811457 

3.8929965 

.016949153 

3600 

216000 

7.7459667 

3.9148676 

.016066667 

3721 

226981 

7.8102497 

3.9364972 

.016393443 

3844 

238328 

7.8740070 

3.9578915 

.016129032 

--- j 












Squares, Cubes, Square Roots, Cube Roots and Reciprocals 9 


No. 

Squares 

Cubes 

Square 

roots 

Cube roots 

EH 

63 

3969 

250047 

7.9372539 

3.9790571 

.016873016 

64 

4096 

262144 

8.0000000 

4.0000000 

.015625000 

65 

4225 

274625 

8.0622577 

4.0207256 

.015384615 

66 

4356 

287496 

8.1240384 

4.0412401 

.015151515 

67 

4489 

300763 

8.1853528 

4.0615480 

.014925373 

68 

4624 

314432 

8.2462113 

4.0816551 

.014705882 

69 

4761 

328509 

8.3066239 

4.1015661 

.014492754 

70 

4900 

343000 

8.3666003 

4.1212853 

.014285714 

71 

5041 

357911 

8 4261498 

4.1408178 

.014084507 

72 

5184 

373248 

8.4852814 

4.1601676 

.013888889 

73 

5329 

389017 

8.5440037 

4.1793390 

.013698630 

74 

5476 

405224 

8.6023253 

4.1983364 

.013513514 

75 

5625 

421875 

8.6602540 

4.2171633 

.013333333 

76 

5776 

438976 

8.7177979 

4.2358236 

.013157895 

77 

5929 

456533 

8.7749644 

4.2543210 

.012987013 

78 

6084 

474552 

8.8317609 

4.2726586 

.012820513 

79 

6241 

493039 

8.8881944 

4.2908404 

.012658228 

80 

6400 

512000 

8.9442719 

4.3088695 

.012500000 

81 

6561 

531441 

9.0000000 

4.3267487 

.012345679 

82 

6724 

551368 

9.0553851 

4.3444815 

.012195122 

83 

6889 

571787 

9.1104336 

4.3620707 

.012048193 

84 

7056 

592704 

9.1651514 

4.3795191 

.011904762 

85 

7225 

614125 

9.2195445 

4.3968296 

.011764706 

86 

7396 

636056 

9.2736185 

4.4140049 

.011627907 

87 

7569 

658503 

9.3273791 

4.4310476 

.011494253 

88 

7744 

681472 

9.3808315 

4.4479602 

.011363636 

89 

7921 

704969 

9.4339811 

4.4647451 

.011235955 

90 

8100 

729000 

9.4868330 

4.4814047 

.011111111 

91 

8281 

753571 

9.5393920 

4.4979414 

.010989011 

92 

8464 

778688 

9.5916630 

4.5143574 

.010869565 

93 

8649 

804357 

9.6436508 

4.5306549 

.010752688 

94 

8836 

830584 

9.6953597 

4.5468359 

.010638298 

95 

9025 

857375 

9.7467943 

4.5629026 

.010526316 

96 

9216 

884736 

9.7979590 

4.5788570 

.010416667 

97 

9409 

912673 

9.84S8578 

4.5947009 

.010309278 

98 

9604 

941192 

9.8994919 

4.6104363 

.010204082 

99 

9801 

970299 

9.9498744 

4.6260650 

.010101010 

100 

10000 

1000000 

10.0000000 

4.6415888 

.010000000 

101 

10201 

1030301 

10.0498756 

4.6570095 

.009900990 

102 

10404 

1061208 

10.0995049 

4.6723287 

.009803922 

103 

10609 

1092727 

10.1488916 

4.6875482 

.009708738 

104 

10816 

1124864 

10.1980390 

4.7026694 

.009615385 

105 

11C25 

1157625 

10.2469508 

4.7176940 

.009523810 

106 

11236 

1191016 

10.2956301 

4.7326235 

.009433962 

107 

11449 

1225043 

10.3440804 

4.7474594 

.009345794 

108 

11664 

1259712 

10.3923048 

4.7622032 

.009259259 

109 

11881 

1295029 

10.4403065 

4.7768562 

.009174312 

110 

12100 

1331000 

10.4880885 

4.7914199 

.009090909 

111 

12321 

1367631 

10.5356538 

4.8058955 

.009009009 

112 

12544 

1404928 

10.5830052 

4.8202845 

.008928571 

113 

12769 

1442897 

10.6301458 

4.8345881 

.008849558 

114 

12996 

1481544 

10.6770783 

4.8488076 

.008771930 

115 

13225 

1520875 

10.7238053 

4.8629442 

.008695652 

116 

13456 

1560896 

10.7703296 

4.8769990 

.008620690 

117 

13689 

1601613 

10.8166538 

4.8909732 

.008547009 

118 

13924 

1643032 

10.8627805 

4.9048681 

.008474576 

119 

14161 

1685159 

10.9087121 

4.9186847 

.008403361 

120 

14400 

1728000 

10.9544512 

4.9324242 

.008333333 

121 

14641 

1771561 

11.0000000 

4.9460874 

.008264463 

122 

14884 

1815848 

11.0453610 

4.9596757 

.008196721 

123 

15129 

1860867 

11.0905365 

4.9731898 

.008130081 

124 

15376 

1906624 

11.1355287 

4.9866310 

.008064516 
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Practical Arithmetic 


(Part 1 


No. 

Squares 

Cubes 

Square 

roots 

Cube roots 

Reciprocals 

125 


1953125 

11,1803399 

5.0000000 

.008000000 

126 

15876 

2000376 

11.2249722 

5.0132979 

.007936508 

127 

16129 

2048383 

11.2694277 

5.0265257 

.007874016 

128 

16384 

2097152 

11.3137085 

5.0396842 

.007812500 

129 

16641 

2146689 

11.3578167 

5.0527743 

.007751938 

130 

16900 

2197000 

It.4017543 

5.065797C 

.007692308 

131 

17161 

2248091 

11.4455231 

5.0787531 

.007633588 

132 

17424 

2299968 

11.4891253 

5.0916434 

.007575758 

mm 

17689 

2352637 

11.5325626 

5.1044687 

.007518797 

Kgl 

17956 

2406104 

11.57583G9 

5.1172299 

.007462687 


18225 

2460375 

11.6189500 

5.1299278 

.007407407 

mm 

18496 

2515456 

11.6619038 

5.1425632 

.007352941 

mm 

18769 

2571353 

11.7046999 

5.1551367 

.007299270 

■tji 

19014 

2628072 

11.7473401 

5.1676493 

.007246377 


19321 

2685619 

11.7898261 

5.1801015 

.007194245 


19600 

2744000 

11.8321596 

5.1924941 

.007142857 

Btifl 

198SI 

2803221 

11.8743121 

5.2048279 

.007092199 

mm 

20164 

2863288 

11.9163753 

5.2171034 

.007042254 

mm 

20449 

2924207 

11.9582007 

5.2293215 

.006993007 

mm 

20736 

2985984 

12 0000000 

5.2414828 

.006944444 


21025 

3048625 

12 0415916 

5.2535879 

.006896552 

146 

21316 

3112136 

12.0830460 

5.2656374 

.006849315 

147 

21609 

3176523 

12.1243557 

5.2776321 

.006802721 

148 

21904 

3241792 

12.1655251 

5.2895725 

.006756757 

149 

22201 

3307949 

12.2065556 

5.3014592 

.006711409 

150 

22500 

3375000 

12.2474487 

5.3132928 

.006666667 

151 

22801 

3442951 

12.2882057 

5.3250740 

006622517 

152 

23104 

3511808 

12.3288280 

5.3368033 

.006578947 

153 

23409 

3581577 

12.3693169 

5.3484812 

.006535948 

154 

23716 

3652264 

12.4090736 

5.3601084 

.006493506 

155 

24025 

3723875 

12.4498996 

5.3716854 

.0064516J3 

156 

24336 

3796416 

12.4899960 

5.3832126 

.006410256 

157 

24649 

3869893 

12.5299641 

5.3946907 

.006369427 

158 

24964 

! 3944312 

12.5698051 

5.4061202 

.006329114 

159 

25281 

| 4019679 

12.6095202 

5.4175015 

.006289308 

160 

25600 

| 4096000 

12.6491106 

5.4288352 

.006250000 

161 

25921 

4173281 

12.6885775 

5.4401218 

.006211180 

162 

26244 

1 4251528 

12.7279221 

5.4513618 

.006172840 

163 

26569 

4330747 

12.7671453 

5.4625556 

.006134969 

164 

26896 

4410944 

12.8062485 

5.4737037 

.006097561 

165 

27225 

4492125 

12.8452326 

5.4848066 

.006060606 

166 

27556 

4574296 

12.8840987 

5.495S647 

.000024096 

167 

27889 

46574G3 

12,9228480 

5.5068784 

.005988024 

168 

28224 

4741632 

12.9614814 

5.5178484 

.005952381 

169 

28561 

4826809 

13.0000000 

5.5287748 

.005917160 

170 

28900 

4913000 

13.0384048 

5.5396583 

.005882353 

171 

29241 

5000211 

13.0766968 

5.5504991 

.005847953 

172 

29584 

5088448 

13.1148770 

5.5612978 

.005813953 

173 

29929 

5177717 

13.1529464 

5.5720546 

.005780347 

174 

30276 

5268024 

13.1909060 

5.5827702 

.005747126 

175 

30625 

5359375 

13.2287566 

5.5934447 

.005714286 

176 

30976 

5451776 

13.2664992 

5.6040787 

.005681818 

177 

31329 

5545233 

13.3041347 

5.6146724 

.005649718 

178 

31684 

5639752 

13.3416641 

5.6252263 

.005617978 

179 

32041 

5735339 

13.3790882 

5.6357408 

.005586592 

180 

32400 

5832000 

13.4164079 

5.6462162 

.005565556 

181 

32761 

5929741 

13.4536240 

5.6566528 

.005524862 

182 

33124 

6028568 

13.4907376 

5.6670511 

.005494505 

183 

33489 

6128487 

13.5277493 

5.6774114 

.005464481 

184 

338.56 

6229504 

13.5646600 

5.6877340 

.005434783 

185 

34225 

6331625 

13.6014705 

5.6980192 

.005405405 

186 

34596 

6434856 

13.6381817 

5.7082675 

.005376344 












Squares, Cubes, Square Roots, Cube Roots and Reciprocals 11 


No. 

Squares 

Cubes 

Square 

roots 

Cube roots 

Reciprocals 

187 

34969 

6539203 

13.6747943 

5.7184791 

.005347594 

188 

35344 

6644672 

13.7113092 

5.7286543 

.005319149 

189 

35721 

6751269 

13.7477271 

5.7387936 

.005291005 

190 

36100 

6859000 

13.7840488 

5.7488971 

.005263158 

191 

36481 

6967871 

13.8202750 

5.7589652 

.005235602 

192 

36864 

7077888 

13.8564065 

5.7689982 

.005208333 

193 

37249 

7189057 

13.8924440 

5.7789966 

.005181347 

194 

37636 

7301384 

13.9283883 

5.7889604 

.005154639 

195 

38025 

7414875 

13.9642400 

5.7988900 

.005128205 

196 

38416 

7529536 

14.0000000 

5.8087857 

.005102041 

197 

38809 

7645373 

14.0356688 

5.8186479 

.005076142 

198 

39204 

7762392 

14.0712473 

5.8284767 

.005050505 

199 

39601 

7880599 

14.1067360 

5.8382725 

.005025126 

200 

40000 

8000000 

14.1421356 

5.8480355 

.005000000 

201 

40401 

8120601 

14.1774469 

5.8577C60 

.004975124 

202 

40804 

8242408 

14.2126704 

5.8674643 

.004050495 

203 

41209 

8365427 

14.2478068 

5.8771307 

.004926108 

204 

41616 

8489664 

14.2828569 1 

5.8867653 

.004901961 

205 

42025 

8615125 

14.3178211 

5.8963G85 

.004878049 

206 

42436 

8741816 

14.3527001 

5.9059406 

.004854369 

207 

42849 

8869743 

14.3874946 

5.9154817 

.004830918 

208 

43264 

8998912 

14.4222051 

5.9249921 

.004807692 

209 

43681 

9129329 

14.4568323 

5.9344721 

.004784689 

210 

44100 

9261000 

14.4913767 

5.9439220 

.004761905 

211 

44521 

9393931 

14.5258390 

5.9333418 

.004739336 

212 

44944 

9528128 

14.5602198 

5.9G27320 

.004716981 

213 

45369 

9663597 

14.5945195 

5 9720926 

.004694836 

214 

215 

216 

45796 

46225 

46656 

9800344 

9938375 

10077696 

14.6287388 

14.6628783 

14.6969385 

5.9814240 

5.9907264 

6.0000000 

.004672897 

.004651163 

.004629630 

217 | 

47089 

10218313 

14.7309199 

6.0092450 

.004608295 

218 

47521 

10360232 

14.7648231 

6.0184617 

.004587156 

219 

47961 

10503459 

14.7986486 

6.0276502 

.004566210 

220 

48400 

10648000 

14.8323970 

6.0368107 

.004545455 

221 

48841 

10793861. 

14.8660687 

6.0459435 

.004524887 

222 

49284 

10941048 

14.8996644 

6.05504S9 

.004504505 

223 

49729 

11089567 

14.9331845 

6.0641270 

.004484305 

224 

50176 

11239424 

14.9666295 

6.0731779 

.004464286 

225 

50625 

11390625 

15.0000000 

6.0822020 

.004444444 

226 

51076 

11543176 

15.0332964 

6.0911994 

.004424779 

227 

51529 

11697083 

15.0665192 

6.1001702 

.004405286 

228 

51984 

11852352 

15.0096689 

6 1091147 

.004385965 

229 

52441 

12008989 

15.1327460 

6.1180332 

.004366812 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

52900 

53361 

53824 

54289 

54756 

55225 

55696 

56169 

56644 

57121 

57600 

58081 

58564 

59049 

59536 

60025 

60516 

61009 

61604 

12167000 

1232G391 

12487168 

12649337 

12812904 

12977875 

13144256 

13312053 

13481272 

13651919 

13824000 

13997621 

14172488 

14348907 

14526784 

14706125 

14886936 

15069223 

15352092 

15.1657509 

15.1980842 

15.2315462 

15.2643375 

15.2970585 

15.3297097 

15.3622915 

15.3948043 

15.4272486 

15.4596248 

15.4919334 

15.5241747 

15.5563492 

15.5884573 

15.6204994 

15.6524758 

15.6843871 

15.7162336 

15.7480157 

6.1269257 

6.1357924 

6.1446337 

6.1534495 

6.1622401 

6.1710058 

6.1797460 

6.1884628 

6.1971544 

6.205S218 

6.2144650 

6.2230843 

6.2316797 

6.2402515 

6.2487998 

6.2573248 

6.2658266 

6.2743054 

6.2827613 

.004347826 

.004329004 

.004310345 

.004291845 

.004273504 

.004255319 

.004237288 

.004219409 

.004201681 

.004184100 

.004166667 

.004149378 

.004132231 

.004115226 

.004098361 

.004081633 

.004065041 

.004048583 

.004032258 
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Practical Arithmetic 


[Part 1 


No. 


Squares 


Cubes 


Square 

roots 


Cube roots 


Reciprocals 


249 

62001 

15438249 

15.7797338 

6.2911946 

.004016064 

250 


15625000 

15.8113883 

6.2996053 

.004000000 

251 


15813251 

15.8429795 

6.3079935 

.003984064 

252 

63504 

16003008 

15.8745079 

6.3163596 

.003968254 

253 

64009 

16194277 

15.9059737 

G.3247035 

.003952569 

254 

64516 

16387064 

15.9373775 

6.3330256 

.003937008 

255 

65025 

16581375 

15.9687194 

6.3413257 

.003921569 

256 

65536 

16777216 

16.0000000 

6.3496042 

.003906250 

257 

66049 

16974593 

16.0312195 

6.3578611 

.003891051 

258 

66564 

17173512 

16.0623784 

6.3660968 

.003875969 

259 

67081 

17373979 

16.0934769 

6.3743111 

.003861004 

260 

67600 

17576000 

16.1245155 

6.3825043 

.003846154 

261 

68121 

17779581 

16.1554914 

6.3906765 

.003831418 

262 

68614 

17984728 

16.1864141 

6.3988279 

.003816794 

263 

69169 

18191447 

16.2172747 

6.4069585 

.003802281 

264 

69696 

18399744 

16.2480768 

6.4150687 

.003787879 

265 

70225 

18609625 

16.2788206 

6.4231583 

.003773585 

266 

70756 

18821096 

16.3095064 

6.4312276 

.003759398 

267 

71289 

19034163 

16.3401346 

6.4392767 

.003745318 

268 

71824 

19248832 

16.3707055 

6.4473057 

.003731343 

269 

72361 

19465109 

16.4012195 

6.4553148 

.003717472 

270 


19683000 

16.4316767 

6.4633041 

.003703704 

271 

73441 

19902511 

16 4620776 

6.4712736 

.003690037 

272 

73984 

20123618 

16.4924225 

6.4792236 

.003676471 

273 

74529 

20346417 

16.5227116 

6.4871541 

.003663004 

274 

75076 

20570824 

16.5529454 

6.4950653 

.003649635 

275 

75625 

20796875 

16.5831240 

6.5029572 

.003636364 

276 

76176 

21024576 

16.6132477 

6.5108300 

.003623188 

277 

76729 

21253933 

16.6433170 

6.5186839 

.003610108 

278 

77284 

21484952 

16.6733320 

6.5265189 

.003597122 

279 

77841 

21717639 

16.7032931 

6.5343351 

.003584229 

280 

78400 

21952000 

16.7332005 

6.5421326 

.003571429 

281 

78961 

22188041 

16.7630546 

6.5499116 

.003558719 

282 

79524 

22425768 

16.7928556 

6.5576722 

.003546099 

283 

800S9 

22665187 

16.8226038 

6.5654144 

.003533569 

284 

80656 

22906304 

16.8522995 

6.5731385 

.003521127 

285 

81225 

23149125 

16.8819430 

6.5808443 

1 .003508772 

286 

81796 

23393656 

16.9115345 

6.5885323 

.003496503 

287 

82369 

23639903 

16.9410743 

6.5962023 

.003484321 

288 

82944 

23887872 

16.9705627 

6.6038545 

.003472222 

289 

83521 

24137569 

17.0000000 

6.6114890 

.003460208 

290 

84100 

24389000 

| 17.0293864 

6.6191060 

.003448276 

291 

84681 

24642171 

17.0587221 

6.6267054 

.003436426 

292 

85264 

24897088 

! 17.0880075 

6.6342874 

.003424658 

293 

85849 

25153757 

17.1172428 

6.6418522 

.003412969 

294 

86436 

25412184 

1 17.1464282 

6.6493998 

.003401361 

295 

87025 

25672375 

1 17.1755640 

6.6569302 

.003389831 

296 

87616 

25934336 

17.2046505 

6.6644437 

.003378378 

297 

88209 

26198073 

17.2336879 

6.6719403 

.003367003 

298 

88804 

t 26463592 

17.2626765 

6.6794200 

.003355705 

299 

89401 

1 26730899 

17.2916165 

6.6868831 

.003344482 

300 

90000 

27000000 

17.3205081 

6.6943295 

.003333333 

301 

90601 

27270901 

17.3493516 

6.7017593 

.003322259 

302 

91201 

27543608 

17.3781472 

6.7091729 

.003311258 

303 

91809 

27818127 

17.4068952 

6.7165700 

.003300330 

304 

92416 

28094464 

17.4355958 

6.7239508 

.003289474 

305 

93025 

28372625 

17.4642492 

6.7313155 

.003278689 

306 

93636 

28652616 

17.4928557 

6.7386641 

.003267974 

307 

94249 

28934443 

17.5214155 

6.7459967 

.003257329 

808 

94864 

29218112 

17.5499288 

6.7533134 

.003246753 

| 309 

95481 

29503629 

17.5783958 

6.7606143 

.003236246 

310 

| 96100 

29791000 

17.6068169 

6.7678995 

.003225806 
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No. 

Squares 

Cubes 

Square 

roots 

Cube roots 

Reciprocals 

311 

96721 

30080231 

17.6351921 

6.7751690 

.003215434 

312 

97344 

30371328 

17.6635217 

6.7824229 

.003205128 

313 

97969 

30664207 

17.6918060 

6.7896613 

.003194888 

314 

98596 

30959144 

17.7200451 

6.7968844 

.003184713 

315 

99225 

31255875 

17.7482393 

6.8040921 

.003174603 

316 

99856 

31554496 

17.7763888 

6.8112847 

.003164557 

317 

100489 

31855013 

17.8044938 

6.8184620 

.003154574 

318 

101124 

32157432 

17.8325545 

6.8256242 

.003144654 

310 

101761 

32461759 

17.8605711 

6.8327714 

.003134796 

320 

102400 

32768000 

17.8885438 

G.8399037 

.003125000 

321 

103041 

33076161 

17.9164729 

6.8470213 

.003115265 

322 

103684 

33386248 

17.9443584 

6.8541240 

.003105590 

323 

104329 

336982G7 

17.9722008 

6.8612120 

.003095975 

324 

104970 

34012224 

18.0000000 

6.8682855 

.003086420 

325 

105625 

34328125 

18.0277564 

6.8763413 

.003076923 

326 

10G2~6 

34645976 

18.0554701 

6.8823888 

.003067485 

327 

106929 

34965783 

18.0831413 

6.8894188 

.003058104 

328 

107584 

35287552 

18.1107703 

6.8964345 

.003048780 

329 

108241 

35611289 

18.1383571 

6.9034359 

.003039514 

330 

108900 

35937000 

18.1659021 

6.9104232 

.003030303 

331 

1095GI 

36264691 

18.1934054 

6.9173964 

.003021148 

332 

110224 

36594368 

18.2208072 

6.9243556 

.003012048 

333 

1108S9 

36926037 

18.24S2876 

6.9313008 

.003003003 

334 

111556 

37259704 

18.2756669 

6.9382321 

.002994012 

335 

112225 

37595375 

18.3030052 

6.9451496 

.002985075 

336 

112896 

37933056 

18.3303028 

6 9520523 

.002976190 

337 

113569 

38272753 

18.3575598 

6.9589431 

.002967359 

338 

114244 

38614472 

18.3847763 

6 9058198 

.002958580 

339 

114921 

38958219 

18.4119526 

6.9726S26 

.002949853 

340 

115600 

39304000 

18.4390889 

6.9795321 

.002911176 

341 

116281 

! 39651821 

18 4GG1853 

6.9863C81 

.002932551 

342 

116964 

40001G88 

18.4932420 

6 9931906 

.002923977 

343 

117649 

40353607 

18.5202592 

7.0000000 | 

.002915452 

344 

118336 

40707584 

18.5472370 

7.0067962 

.002906977 

345 

119025 

41063625 

18.57417.56 

7.0135791 

.002S98551 

346 

119716 

41421736 

18 6010752 

7.0202490 

.002890173 

347 

120409 

41781923 

18.6279360 

7.0271058 

.002881844 

318 

121101 

42114192 

18.6547581 

7.033S497 

.002873563 

349 

121801 

42508549 

18.6815417 

7.0405806 

.002865330 

350 

122500 

42875000 

18.7082869 

7.0472987 

.002857143 

351 

123201 

43243551 

18.7319940 

7.0540041 

.002849003 

352 

123901 

43614208 

18.7616630 

7.0606967 

.002840909 

353 

124609 

4398697 7 

18.7882912 

7.0673767 

.002832801 

354 

125316 

44361864 

18.8148877 

7.0740410 

.002824859 

355 

126025 

44738875 

18.8114437 

7.080C9S8 

.002816901 

356 

126736 

45118016 

18.8679623 

7.0873411 

.002808989 

357 

127449 

45499293 

18.8944436 

7.0939709 

.002801120 

358 

128161 

45882712 

18.9208879 

7.1005885 

.002793216 

359 

128881 

46268279 

18.9472953 

7.1071937 

.002785595 

360 

129600 

46656000 

18.9736660 

7.1137866 

.002777778 

361 

130321 

47045881 

19.0000000 

7.1203674 

.002770083 

632 

131044 

47437928 

19.0262976 

7.1269360 

.002762431 

363 | 

131769 

47832147 

19.0525589 

7.1334925 

.002754821 

364 

132496 

48228544 

19.0787840 

7.1400370 

.002747253 

365 

133225 

48627125 

19.1049732 

7.1465695 

.002739726 

366 

133956 

49027896 

19.1311265 

7.1530901 

.002732240 

367 

134689 

49430863 

19.1572441 

7.1595988 

.002724796 

368 

135424 

49836032 

19.1833261 

7.1660957 

.002717391 

369 

136161 

50243409 

19.2093727 

7.1725809 

.002710027 

370 

136900 

50653000 

19.2353841 

7.1790544 

.002702703 

371 

137641 

51064811 

19.2613003 

7.1855162 

.002695418. 

372 

138384 

51478848 

19.2873015 

7.1919663 

.0026881.5" 
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Practical Arithmetic 



Squares 


139129 

139876 

140625 

141376 

142129 

142884 

143641 

144400 

145161 

145924 

146689 

147456 

148225 

148996 

149769 

150544 

151321 


160000 

160801 

161604 

162409 

163216 

164025 

104836 

165649 

166464 

167281 

168100 

168921 

169744 

170569 

171396 

172225 

173056 

173889 

174724 

175561 

176400 

177241 

178084 

178929 

179776 

180625 

181476 

182329 

183184 

184041 

184900 

185761 

186624 

187489 

188356 


51895117 

52313624 

52734375 

53157376 

53582633 

54010152 

54439939 

54872000 

55306341 

55742938 

56181887 

56623104 

57066625 

57512456 

57960603 

58411072 

58863869 

59319000 
59776471 
60236288 
60698457 
611629S4 
61620875 
62099136 
62570773 
63044792 
63521199 

64000000 

61181201 

64964808 

65450827 

65939264 

66430125 

66923416 

67419143 

67917312 

68417929 

68921000 

69426531 

69934528 

70444997 

70957944 

71473375 

71991296 

72511713 

73034632 

73.560059 

74088000 

74618461 

75151448 

75686967 

76225024 

76705625 

77308776 

77854483 

78402752 

78953589 

79507000 

80062991 

80621568 

81182737 

81746504 


Square 

roots 


19.3132079 
19 3390796 
19 3649167 
19 3907194 
19.4164878 
19 4422221 
19.4679223 

19.4935887 
19.5192213 
19.5448203 
19 5703858 
19.5959179 
19.6214169 
19 6468827 
19 6723156 
19.6977156 
19.7230829 

19.7484177 
19 7737199 
19 79S9899 
19 8242276 

19 8494332 
19.8746069 
19.8997487 
19.9248588 
19.9499373 
19.9749844 

20.0000000 

20.0249844 

20 0499377 
20.0748599 
20.0997512 
20.1246118 
20.1494417 
20.1742410 
20.1990099 
20.2237484 

20.2484567 

20.2731349 

20.2977831 

20.3224014 

20.3469899 

20.3715488 

20.3960781 

20.4205779 

20.4450483 

20.4694895 

20.4939015 

20.5182845 

20.5426386 

20.5669638 

20.5912603 

20.6155281 

20.6397674 

20.6639783 

20.6881609 

20.7123152 

20.7364414 

20.7605395 

20.7846097 

20.8086520 

20.8326667 


Cube roots j Reciprocals 


7.1984050 

7.2048322 

7.2112479 

7.2176522 

7.2240450 

7.2304268 

7.2367972 

7.2431565 

7.2495045 

7.2558415 

7.2621675 

7.2684824 

7.2747864 

7.2810794 

7.2873617 

7.2936330 

7.2998936 

7.3061436 

7.3123828 

7.3180114 

7.3248295 

7.3310369 

7.3372339 

7.3434205 

7.3495906 

7.3557024 

7.3619178 

7.3680030 
7.3741979 
7.3803227 
7.3864373 
7.3925418 
7.3986303 
7.4047206 
7.4107950 
7 4168595 
7.4229142 

7.4289589 

7.4349938 

7.4410189 

7.4470342 

7.4530399 

7.4590359 

7.4650223 

7.4709991 

7.4769064 

7.4829242 

7.4888724 
7.4948113 
7.5007406 
7.5066607 
7.5125715 
7.5184730 
7 5243652 
7.5302482 
7.5361221 
7.5419867 

7.5478423 

7.5536888 

7.5595263 

7.5653548 

7.5711743 


.002680965 j 
.002673/97 
.002666667 
.002659574 I 
002652520 
.002645503 
.002638522 

.002631579 

.002624672 

.002617801 

.002610966 

.002004167 

.002597403 

.002590074 

.002583979 

.002577320 

.002570694 

.002564103 

.002557545 

.002551020 

.002544529 

.002538071 

.002531646 

002525253 

.002518892 

.002512563 

.002506266 

.002500000 
002493766 
.002487562 
.002481390 
.002475248 
.002469136 I 
.002463054 
.002457002 j 
.002450980 
.002444988 

.002439024 

.002433090 

002427184 

.002421308 

.002415459 

002409639 

.002403846 

.002398082 

.002392344 

.002386635 

.002380952 

002375297 

.002369668 

.002364066 

.002358491 

.002352941 

.002347418 

.002341920 

.002336449 

.002331002 

.002325581 

.002320186 

.002314815 

.002309469 

.002304147 
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Squares 


189225 

190096 

190969 

101844 

102721 

103600 

194481 

195364 

196249 

197136 

198025 

198916 

199809 

200704 

201601 

202500 

203401 

204304 

205209 

206116 

207025 

207936 

208849 

209764 

210681 

211600 

212521 

213444 

214369 

215296 

216225 

217156 

218089 I 

219024 

219961 

220900 

221841 

222784 

223729 

224676 

225625 

226576 

227529 

228484 

229441 

230400 

231361 

232324 

233289 

234256 

235225 

236196 

237169 

238144 

239121 

240100 

241081 

242064 

243049 

244036 

245025 

246016 


I 82312875 
1 82881856 

83453453 
84027672 
84604519 

85184000 

85766121 

86350888 

86938307 

87528384 

88121125 

88716536 

89314623 

89915392 

90518849 

91125000 

91733851 

92345408 

92959677 

93576664 

94196375 

94818816 

95443993 

96071912 

96702579 

97336000 

97972181 

98611128 

99252847 

99897344 

100544625 

101194696 

101847563 

102503232 

103161709 

103823000 

104487111 

105154048 

105823817 

106496424 

107171875 

107850176 

108531333 

109215352 

109902239 

110592000 

111284641 

111980168 

112678587 

113379904 

114084125 

114791256 

115501303 

116214272 

116930169 

117649000 

118370771 

119095488 

119823157 

120553784 

121287375 

122023936 


Square 

roots 


20.8566536 

20.8806130 

20.9045450 

20.9284495 

20.9523268 

20.9761770 
21.0000000 
21.0237960 
21.0475652 
21.0713075 
21.0950231 
2^ .M87121 
21.1423745 
2I.1660105 
21.1896201 

21.2132034 

21.2367606 

21.2602916 

21.2837967 

21.3072758 

21.3307290 

21.3541565 

21.3775583 

21.4009346 

21.4242853 

21.4476106 
21.4709106 
21.4941853 
21.5174348 
21.5406592 
21.5638587 
21.6870331 
21.6101828 

21 6333077 
21.6564078 

21.6794834 

21.7025344 

21.7255610 

21.7485632 

21.7715411 

21.7944947 

21.8174242 

21.8403297 

21.8632111 

21.8860686 

21.9089023 
21.9317122 
21.9544984 
21.9772610 
22.0000000 

22 0227155 
22.0454077 
22.0680765 
22.0907220 
22.1133444 

22.1359436 

22.1585198 

22.1810730 

22.2036033 

22.2261108 

22.2486955 

22.2710575 


7.5769849 

7.5827865 

7.5885703 

7.5943633 

7.6001385 

7.6059049 

7.6116626 

7.6174116 

7.6231519 

7.6288837 

7.6346067 

7.6403213 

7.6460272 

7.6517247 

7.6574138 

7.6630943 
7.6687665 
7.6744303 
7.6800857 
7.6857328 
7.6913717 
7.6970023 
7.7026246 
7.7082388 
7.7138448 

7.7194426 

7.7250325 

7.7306141 

7.7361877 

7.7417532 

7.7473109 

7.7528606 

7.7584023 

7.7639361 

7.7694620 

7.7749801 
7.7804904 
7.7859928 
7.7914875 
7.7909745 
7 8024538 
7 8079254 
7.8133892 
7 8188456 
7.8242942 

7.8297353 
7.8351688 
7 8405949 
7 8460134 
5 8514244 
7.8568281 
7.8622242 
7.8676130 
7.8729944 
7.8783684 

7.8837352 

7.8890946 

7.8944468 

7.8997917 

7.9051294 

7.9104599 

7.9157832 


.002298851 

.002293578 

.002288330 

.002283105 

.002277904 

.002272727 

.002267574 

.002262443 

.002257336 

.002252252 

.002247191 

.002242152 

.002237136 

.002232143 

.002227171 

.002222222 

.002217295 

.002212389 

.002207506 

.002202643 

.002197802 

.002192982 

.002188184 

.002183406 

.002178649 

.002173913 
.002169197 
.002164502 
.002159827 ! 
.002155172 
.002150538 
.002145923 
.002141328 I 
002136752 
.002132196 

.002127660 

.002123142 

.002118644 

.002114165 

.002109705 

002105263 

.002100840 

.002096436 

.002092050 

.002087683 

.002083333 
.002079002 
.002074689 , 
.002070393 
.002066116 ! 
.002061856 
.002057613 
.002053388 
.002049180 
.002044990 

.002040816 

.002036660 

.002032520 

.002028398 

.002024291 

.002020202 

.002016129 








Practical Arithmetic 


IPart 1 


id 


No. 

Squares 

Cubes 

Square 

roots 

Cube roots 

Reciprocals 

497 

247009 

122763473 

22.2934968 

7.9210994 

.002012072 

49S 

248004 

123505992 

22.3159136 

7.9264085 

.002008032 

499 

249001 

124251499 

22.3383079 

7.9317104 

.002004008 


250000 

125000000 

22.3606798 

7.9370053 

.002000000 

501 

251001 

125751501 

22.3830293 

7.9422931 

.001996008 


252004 

126506008 

22.4053565 

7.9475739 

.001992032 


253009 

127263527 

22.4276615 

7.9528477 

.001988072 

504 

254016 

128024064 

22.4499443 

7.9581144 

.001984127 

505 

255025 

128/87625 

22.4722051 

7.9633743 

.001980198 

506 

256036 

129554216 

22.4944438 

7.9686271 

.001976285 

507 

257049 

130323843 

22.5166605 

7,9738731 

.001972387 

508 

258064 

131096512 

22.5388553 

7.9791122 

.001968504 


259081 

131872229 

22.5610283 

7.9843444 

.001964637 

510 

260100 

132651000 

22.5831790 

7.9895697 

.001960784 

511 

261121 

133432831 

22.6053091 

7.9947883 

.001956947 

512 

262144 

134217728 

22.6274170 

8.0000000 

.001953125 

513 

263169 

135005697 

22.6495033 

8.0052049 

.001949318 

514 

264196 

135796744 

22.6715681 

8.0104032 

.001945525 

515 

265225 

136590875 

22.6936114 

8.0155946 

.001941748 

516 

266256 

137388096 

22.7156331 

8.0207794 

.001937984 

517 

267289 

138188413 

22.7376340 

8.0259574 

.001934236 

518 

268324 

13S991S32 

22.7596134 

8.0311287 

001930502 

519 

269361 

139798359 

22.7815715 

8.0362935 

.001926782 

520 

270400 

140608000 

22.8035085 

8.0414515 

.001923077 

521 

271441 

141420701 

22.8254244 

8.0466030 

.001919386 

522 

272484 

142236618 

22.8473193 

8.0517479 

.001915709 

523 

273529 

143055667 

22.8691933 

8.0568862 

.001912046 

524 

274576 

143877824 

22.8910463 

8.0620180 

.001908397 

525 

275625 

144703125 

22.9128785 

8.0671432 

.001904762 

526 

276676 

145531576 

22.9346899 

8.0722620 

.001901141 

527 

277729 

146363183 

22.9564806 

8.0773743 

.001897533 

528 

278784 

147197952 

22 9782500 

8.0824800 

.001893939 

529 

279841 

148035889 

23.0000000 

8.0875794 

.001890359 

530 

280900 

148877000 

23.0217289 

8.0926723 

.001886792 

531 

281961 

149721291 

23.0434372 

8.0977589 

.001883239 

532 

283024 

150568768 

23.0651252 

8.1028390 

.001879699 

533 

284089 

151419437 

23.0867928 

8.1079128 

.001876173 

534 

285156 

152273304 

23.1084400 

8.1129803 

.001872659 

535 

286225 

153130375 

23.1300670 

8.1180414 

.001869159 

536 

287296 

153990656 

23.1516738 

8.1230962 

.001865672 

537 

288369 

154854153 

23.1732605 

8.1281447 

.001862197 

538 

289444 

155720872 

23.1948270 

8.1331870 

.001858730 

539 

290521 

156590819 

23.2163735 

8.1382230 

.001855288 

540 

291600 

157464000 

23.2379001 

8.1432529 

.001851852 

541 

292681 

158340421 

23.2594067 

8.1482765 

.001848429 

542 

293764 

159220088 

23.2808935 

8.1532939 

.001845018 

543 

294849 

160103007 

23.3023604 

8.1583051 

.001841621 

544 

295936 

160989184 

23.3238076 

8.1633102 

.001838235 

545 

297025 

161878625 

23.3452351 

8.1683092 

.001834862 

546 

298116 

162771336 

23.3666429 

8.1733020 

.001831502 

547 

299209 

163607323 

23.3880311 

8.1782888 

.001828154 

548 

300304 

164566592 

23.4093998 

8.1832695 

.001824818 

549 

301401 

165469149 

23.4307490 

8.1882441 

.001821494 

550 

302500 

| 166375000 

23.4520788 

8.1932127 

.001818182 

551 

303601 

167284151 

23.4733892 

8.1981753 

.001814882 

552 

304704 

168196608 

23.4946802 

8.2031319 

.001811594 

553 

305809 

169112377 

23.5159520 

8.2080825 

.001808318 

654 

306916 

170031464 

23.5372046 

8.2130271 

.001805054 

555 

908025 

170953875 

23.5584380 

8.2179657 

.001801802 

556 

309136 

171879616 

23.5796522 

8.2228985 

.001798561 

557 

310249 

172808693 

23.6008474 

8.2278254 

.001795332 

558 

311364 

173741112 

23.6220236 

8.2327463 

.001792115 
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Squares 


313600 

314721 

315844 

316969 

318096 

319225 

320356 

321489 

322624 

323761 

324900 

326041 

327184 

328329 

329476 

330625 

331776 

332929 

334084 

335241 

336400 

337561 

338724 

339889 

341056 

342225 

343396 

344569 

345744 

346921 

348100 

349281 

350464 

351649 

352836 

354025 

355216 

356409 

357604 

358801 

360000 

361201 

362404 

363609 

364816 

306025 

367236 

368449 

369664 

370881 

372100 

373321 

374544 

375769 

376996 

378225 

379456 

380689 

381924 

383161 

384400 


Square 

roots 


Cube roots Reciprocals 


174676879 23.6431808 8.2376614 .001788909 


175616000 
176558481 
177504328 
178453547 
179406144 
180362125 
181321496 
182284263 
183250432 
184220000 

185193000 

186169411 

187149248 

188132517 

189119224 

190109375 

191102976 

192100033 

193100552 

194104539 

195112000 

196122941 

197137368 

198155287 

199176704 1 

200201625 

201230056 

202262003 

203297472 

204336469 

205379000 

206425071 

207474688 

208527857 

209584584 

210644875 

211708736 

212776173 

213847192 

214921799 

216000000 

217081801 

218167208 

219256227 

220348864 

221445125 

222545016 

223648543 

224755712 

225866529 

226981000 

228099131 

229220928 

230346397 

231475544 

232608375 

233744896 

234885113 

236029032 

237176659 

238328000 


23.6643191 

23.6854386 

23.7065392 

23.7276210 

23.7486842 

23.7697286 

23.7907545 

23.8117618 

23.8327506 

23.8537209 

23.8746728 

23.8956063 

23.9165215 

23.9374184 

23.9,582971 

23.9791576 

24.0000000 

24.0208243 

24.0416306 

24.0624188 

24.0831891 
24.1039416 
24.1246762 
24.1453929 
24.1660919 
24.1867732 
24.2074369 
24.2280S29 
24.2487113 
24.2693222 

24.2899156 
24.3104916 
24.3310501 
24.3515913 
24.3721152 
24.3626218 
24 4131112 
24.4335834 
24.4540385 
24.4744765 

24.4948974 

24.5153013 

24.5356883 

24.5560583 

24.5764115 

24.5967478 

24.6170673 

24.6373700 

24.6576560 

24.6779254 

24.6981781 

24.7184142 

24.7386338 

24.7588368 

24.7790234 

24.7991935 

24.8193473 

24.8394847 

24.8596058 

24.8797106 

24.8997992 


8.2425706 

8.2474740 

8.2523715 

8.2572633 

8.2621492 

8.2670294 

8.2719039 

8.2767726 

8.2816355 

8.2864928 

8.2913444 

8.2961903 

8.3010304 

8.3058651 

8.3106941 

8.3155175 

8.3203353 

8.3251475 

8.3299542 

8.3347553 

8.3395509 
8.3443410 
8.3491256 
8.3539047 
8.3586784 
8.3634466 
8.3G82095 
8.3729668 
8.3777188 
8.3824653 

8.3872065 
8.3919423 
8 3966729 
8.4013981 
8.4061180 
8.4108326 
8.4155419 
8 4202460 
8.4249448 
8.4296383 

8.4343267 

8.4390098 

8.4436877 

8.4483605 

8.4530281 

8.4576906 

8.4623479 

8.4670001 

8.4716471 

8.4762892 

8 4809261 
8.4Soo5i9 
8.4901848 
8.4948065 
8.4094233 
8.5040350 
8.5086417 
8.5132435 
8.5178403 
8.5224321 
8.5270189 


.001785714 

.001782531 

.001779359 

.001776199 

.001773050 

.001769912 ! 

.001766784 i 

.001763668 

.001760563 

.001757469 

.001754386 

.001751313 

.001748252 

.001745201 i 

.001742160 I 

.001739130 

.001736111 

.001733102 

.001730104 

.001727116 

.001724138 

.001721170 

.001718213 

.001715266 

,001712329 

.001709402 

.001706485 

.001703578 

.001700680 

.001697793 

.001694915 

.001692047 

.001689189 I 

.001686341 

.001683502 

.001680672 

.001677852 

.001675042 

.001672241 

.001669449 

.001666667 

.001663894 

.001661130 

.001658375 

.001655629 

.001652893 

.001650165 

.001647446 

.001644737 

.001642036 

.001639344 

.001636661 

.001633987 

.001631321 

.001628664 

.001626016 

.001623377 

.001620746 

.001618123 

.001615509 

.001612903 
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[Part 1 


621 

622 

623 

624 

625 

626 

627 

628 
629 


630 

631 

632 

633 

634 

635 

636 

637 

638 

639 


640 

641 

642 

643 

644 

645 

646 

647 

648 

649 


650 

651 

652 

653 

654 

655 

656 

657 

658 

659 


660 

661 

662 

663 

664 

665 

666 

667 

668 
669 


670 

671 

672 

673 

674 

675 

676 

677 

678 

679 

680 
681 
682 


Squares. 


385041 

386884 

388129 

389376 

390625 

391876 

393129 

394384 

395641 


396900 

398161 

399424 

4006S9 

401956 

403225 

404496 

405769 

407044 

408321 


409600 

410881 

412164 

413449 

414736 

416025 

417316 

418609 

419904 

421201 


422500 

423801 

425104 

426409 

427716 

429025 

430336 

431649 

432964 

434281 


435600 

436921 

438244 

439569 

440896 

442225 

443556 

444889 

446224 

447561 


448900 

450241 

451584 

452929 

454276 

455625 

456976 

458329 

459684 

461041 


462400 

463761 

465124 


Cubes. 

Square 

Hoots. 

Cube Iioots. 

Heciprocals. 

239483061 

240641848 

241804367 

242970624 

244140625 

245314370 

246491883 

217673152 

248858189 

250047000 
251239591 
252435958 
253636137 
251840101 
25601 7875 
257259456 
253*74853 
259694072 
260917119 

262144000 
263374721 
2646092SS 
28584770 7 
267089981 
268336125 
269586136 
27084002 3 
272097792 
273359449 

274625000 

275894451 

277167808 

278445077 

279726264 

281011375 

282300116 

283593393 

284890312 

286191179 

287496000 

288804781 

290117528 

291434217 

292751941 

291079625 

295408296 

296740063 

298077632 

299418309 

300763000 

302111711 

303464418 

304821217 

306182024 

307546875 

308915776 

310288733 

311665752 

313046839 

314432000 

315821241 

317214568 

24.9198716 

24.9399278 

24.9599679 

24.9799920 

25.0000000 

25.0199920 

25.0399681 

25.0599282 

25.0798724 

25.0998008 
25.1197134 
25.1396102 
25.1594913 
25.1793566 
25.J992063 
25.2190401 
25.23S85S9 
25.2586619 
25.2784493 

25.2982213 

25.3179778 

25.33771S9 

25.3574447 

25.3771551 

25.3968502 

25.4165301 

25.4361947 

25.45584U 

25.4754784 

25.4950976 
! 25.5147016 
j 25.5342907 
: 25.5538647 
25.5734237 
25.5929678 
25.6124969 
| 25.6320112 
25.6515107 
25.6709953 

25.6904652 
25.7099203 
, 25.7293607 
! 25.7487864 
25.7681975 
: 25.7875939 
25.8069758 

I 25.8263431 
25.8456960 
25.8650343 

25.8843582 

25.9036677 

25.9229628 

25.9422435 

25.9615100 

25.9807621 

26.0000000 

26.0192237 

26.0384331 

26.0576284 

26.0768096 

26.0959767 

26.1151297 

8.5316009 

8.5361780 

8.5407501 

8.5453173 

8.5498797 

8.5544372 

8.5589899 

8.5635377 

8.5680807 

8.5726189 

8.5771523 

8.5816809 

8.5862047 

8.5907238 

8.5952380 

8.5997476 

8.0042525 

8.6087526 

8.6132480 

8.6177388 

8.6222248 

8.6267063 

8 6311830 
8.6356551 
8.6401226 

8 6445855 
8.6490437 
8.6534974 
8.6579465 

8.6623911 

8.6668310 

8.6712665 

8.6756974 

8.6801237 

8.6845456 

8.6889630 

8.6933759 

8.6977843 

8.7021882 

8 7065877 
8.7109827 
8.7153734 
8.7197596 
8.7241414 
8.7285187 
8.7328918 
8.7372604 
8.7416246 
8.7459846 

8.7503401 

8.7546913 

8.7590383 

8.7633809 

8.7677192 

8.7720532 

8.7763830 

8.7807084 

8.7850296 
8.7893466 

8.7936593 

8.7979679 

8.8022721 

.001610306 

.001607717 

.001605136 

.001602564 

.001600000 

.001597444 

.001594896 

.001592357 

.001589825 

.001587302 

.001584786 

.001582278 

.001579779 

.001577287 

.001574803 

.001572327 

.001569859 

.001567398 

.001564945 

.001562500 

.001560002 

.001557632 

.001555210 

.001552795 

.001550388 

.001547988 

.001545595 

.001543210 

.001540832 

.001538462 

.001536098 

.001533742 

.001531394 

.001529052 

.001526718 

.001524390 

.001522070 

.001519757 

.001517451 

.001515152 

.001512859 

.001510574 

.001508296 

.001.506024 

.001503759 

.001501502 

.001499250 

.001497006 

.001494768 

.001492537 

.001490313 

.001488095 

.001485884 

.001483680 

.001481481 

.001479290 

.001477105 

.001474926 

.004472754 

.001470588 

.001468429 

.001466276 
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No. 

Squares. 

Cubes. 

Square 

Roots. 

Cube Roots. 

-1 

Reciprocals. 

683 

466489 

318011987 

26.1342687 

8.8065722 

.001464129 

684 

467856 

320013504 

26.1533937 

8.8108681 

.001401988 

685 

469225 

321419125 

26.1725047 

8.8151598 

.001459854 

686 

470596 

322828856 

26.1916017 

8.8194474 

.001457726 

687 

471909 

324242703 

26.2106848 

8.8237307 

.001455604 

688 

473344 

325660672 

26.2297541 

8.8280099 

.001453488 

689 

474721 

327082769 

26.2488095 

8.8322850 

.001451379 

690 

476100 

328509000 

26.2678511 

8.8365559 

.001449275 

691 

477481 

329939371 

20.2868789 

8.8408227 

.001447178 

692 

478864 

331373888 

26.3058929 

8.8450854 

.001445087 

693 

480249 

332812557 

26.3248932 

8.8493440 

.001443001 

694 

481636 

334255384 

26.3438797 

8.8535985 

.001440922 

695 

483025 

335702375 

26.3628527 

8.8578489 

.001438849 

690 

484410 

337153536 

26.3818119 

8.8620952 

.001436782 

697 

485809 

338608873 

26.4007576 

8.8663375 

.001434720 

698 

487204 

340068392 

26.4196890 

8.8705757 

.001432665 

699 

488601 

341532099 

26.4386081 

8.8748099 

.001430615 

700 

490000 

343000000 

26.4575131 

8.8790400 

.001428571 

701 

491401 

344472101 

26.4764046 

8.6832661 

.001426534 

702 

492804 

345948408 

26.4952826 

8.8874882 

001424501 

703 

494209 

347428927 

26.5141472 

8.89170G3 

.001422475 

704 

495616 

348913064 

26.5329983 

8-8959204 

001420455 

705 

497025 

350402025 

26.5518361 

8.9001304 

.001418440 

706 

498436 

351895816 

26.5706605 

8.9043366 

.001416431 

707 

499849 

353393243 

20.5894716 

8.9085387 

.001414427 

708 

501261 

354894912 

20.6082694 

8.9127309 

.001412429 

709 

502681 

356400829 

26.6270539 

8.9169311 

.001410437 

710 

601100 

357911000 

26.6458252 

8.9211214 

.001408451 

711 

505521 

359425431 

20.6645833 

8.9253078 

.001406470 

712 

506941 

300944128 

26.6833281 

8.9294902 

.001404494 

713 

508309 

362467097 

26.7020598 

8.9336687 

.001402525 

714 

509796 

303994344 

26.7207784 

8.9378433 

.001400560 

715 

511225 

305525875 

26.7394839 

8.9420140 

.001398601 

716 

512656 

367001696 

26.7581763 

8.9461809 

.001396648 

717 

514089 

368601813 

26.7768557 

8.9503438 

.001394700 

718 

515324 

370146232 

26.7955220 1 

8.9545029 

.001392758 

719 

516961 

371694959 

26.8141754 

8.9586581 

.001390821 

720 

518400 

373248000 

26.8328157 

8.9628095 

.001388889 

721 

519841 

374805301 

26 8514432 

8.9669570 

.001386963 

722 

521284 

376307048 

26.8700577 

8.9711007 

.001385042 

723 

522729 

377933007 

26.8886593 

8.9752406 

.001383126 

724 

524179 

379503424 

26.9072481 

8.9793766 

.001381215 

725 

525625 

381078125 

26.9258240 

8.9835089 

.001379310 

726 

527076 

382657176 

26.9443872 

8.9876373 

.001377410 

727 

528529 

384240583 

26.9629375 

8.9917620 

.001375516 

728 

529981 

385828352 

26.9814751 

8.9968829 

.001373626 

729 

531441 

387420489 

27.0000000 

9.0000000 

.001371742 

730 

532900 

389017000 

27.0185122 

9.0041134 

.001369863 

731 

534361 

390617891 

27.0370117 

9.0082229 

.0013G7989 

732 

535824 

392223168 

27.0554985 

9.0123288 

.001366120 

733 

537289 

393832837 

27.0739727 

9.0164309 

.001364256 

734 

538756 

395446904 

27.0924344 

9.0205293 

.001362398 

735 

540225 

397065375 

27.1108834 

9.0246239 

.001360544 

736 

541696 

398688256 

27.1293199 

9.0287149 

.001358696 

737 

543169 

400315553 

27.1477439 

9.0328021 

.001356852 

738 

544644 

401947272 

27.1661554 

9.0368857 

.001355014 

739 

546121 

403583419 

27.1845544 

9.0409655 

.001353180 

740 

547600 

405224000 

27.2029410 

9.0450419 

.001351351 

741 

549081 

406869021 

27.2213152 

9.0491142 

001349528 

j 742 

650564 

408518488 

27.2396769 

9.0531831 

001347709 

743 

552049 

410172407 

27.2580263 

9.0572482 

001345895 

744 

553536 

411830784 

27.2763634 

9.0613098 

001344086 
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[Part 1 


No. 

Squares. 

Cubes. 

Square 

Roots. 

Cube Roots. 

Reciprocals. 

745 

555025 

413493625 

27.2946881 

9.0653677 

.001342282 

746 

556513 

415160936 

27.3130006 

9.0694220 

.001340483 

747 

558009 

416832723 

27,3313007 

9.0734726 

.001338688 

748 

559504 

418508992 

27.3495887 

9.0775197 

.001336898 

749 

561001 

420189749 

27.3678644 

9.0815631 

.001335113 

750 

562500 

421875000 

27.3861279 

9.0856030 

.001333333 

751 

564001 

423564751 

27.4043792 

9.0896392 

.001331558 

752 

565504 

425259008 

27.4226184 

9.0936719 

.001329787 

753 

567009 

426957777 

27.4408455 

9.0977010 

.001328021 

754 

568516 

428661064 

27.4590604 

9.1017265 

.001320260 

755 

570025 

430368875 

27.4772633 

9.1057485 

.001324503 

756 

571536 

432081216 

27.4954542 

9.1097069 

.001322751 

757 

573049 

433798093 

27.5136330 

9 1137818 

.001321004 

758 

574564 

435519512 

27.5317998 

9.1177931 

.001319261 

759 

576081 

437245479 

27.5499546 

9.1218010 

.001317523 

760 

577600 

438976000 

27.5680975 

9.1258053 

.001315789 

761 

579121 

440711081 

27.5862284 

9.1298061 

.0013140C0 

762 

580644 

442450728 

27.6043475 

9.1338034 

.001312336 

763 

582169 

444194947 

27.6224546 

9.1377971 

.001310616 

764 

583696 

445943744 

27.6405499 

9.1417874 

.001308901 

765 

585225 

447697125 

27.6586334 

9.1457742 

.001307190 

766 

586756 

449455096 

27.6767050 

9.1497576 

.001305483 

767 

588289 

451217603 

27.6947648 

9.1537375 

.001303781 

768 

589824 

452984832 

27.7128129 

9.1577139 

.001302083 

769 

591361 

454756609 

27.7308492 

9,1616869 

.001300390 

770 

592900 

456533000 

27.7488739 

9.1656565 

.001298701 

771 

594441 

458314011 

27.7668808 

9.1696225 

.001297017 

772 

595984 

460099648 

27.7848880 

9.1735852 

.001295337 

773 

597529 

461889917 

27.8028775 

9.1775445 

.001293661 

774 

599076 

463684824 

27.820 8555 

9.1815003 

.001291990 

775 

600625 

465484375 

! 27.8388218 

9.1854527 

.001290323 

776 

602176 

467288576 

27.8567766 

9.1894018 

.001288660 

777 

603729 

469097433 

27.8747197 

9.1933474 

.001287001 

778 

605284 

470910952 

27.8926514 

9.1972897 

.001285347 

779 

606841 

472729139 

27.9105715 

9.2012286 

.001283697 

780 

608400 

474552000 

27.9284801 

9.2051641 

.001282051 

781 

609961 

476379541 

27 9463772 

9.2090962 

.001280410 

782 

611524 

478211768 

27.9642629 

9.2130250 

.001278772 

783 

613089 

480048687 

27.98213^2 

9.2169505 

.001277139 

784 

614656 

481890304 

28.0000000 

9.2208726 

.001275510 

785 

616225 

483736025 

28 0178515 

9.2247914 

.001273885 

786 

617796 

485587656 

28.0356915 

9.2287068 

.001272265 


619369 

487443403 

28.0535203 

9.2326189 

.001270648 

■21 

620944 

489303872 

28.0713377 

9.2365277 

.001269036 

■if 

622521 

491169069 

28.0891438 

9.2404333 

.001267427 

790 

624100 

493039000 

28.1069386 

9.2443355 

.001265823 

791 

625681 

494913671 

28.1247222 

9.2482344 

.001264223 

792 

627264 

496793088 

28.1424946 

9.2521300 

.001262626 

793 

628849 

498677257 

28.1602557 

9.2560224 

.001261034 

794 

630436 

500566184 

28.1780056 

9.2599114 

.001259446 

795 

632025 

502459875 

28.1957444 

9.2637973 

.001257862 

796 

633616 

504358336 

28.2134720 

9.2676798 

.001256281 

797 

635209 

506261573 

28.2311884 

9.2715592 

.001254705 

798 

636804 

508169592 

28.2488938 

9.2754352 

.001253133 

799 

638401 

510082399 

28.2665881 

9.2793081 

.001251564 

800 

640000 

512000000 

28.2842712 

9.2831777 

.001250000 1 

801 

641601 

513922401 

28.3019434 

9.2870440 

.001248439 i 

802 

643204 

515849608 

28.3196045 

9.2909072 

.001246883 

803 

644809 

517781627 

28.3372546 

9.2947071 

.001245330 

804 

646416 

519718464 

28.3548938 

9.2986239 

.001243781 

805 

648025 

521660125 

28.3726219 

9.3024775 

.001242236 

■Still 

649636 

523606616 

28.3901391 

9.3063278 

.001240695 












Squares, Cubes, Square Roots, Cube Roots and Reciprocals 21 



Squares. 


651249 

652864 

654481 

656100 

657721 

659344 

660969 

662596 

664225 

665856 

667489 

669124 

670761 

672400 

674041 

675684 

677329 

678976 

680625 

682276 

683929 

685584 

687241 

688900 

690561 

692224 

693889 

695556 

697225 

698896 

700569 

702244 

703921 

705600 

707281 

708964 

710649 

712336 

714025 

715716 

717409 

719104 

720801 

722500 

724201 

725904 

727609 

729316 

731025 

732736 

734449 

736164 

737881 

739600 

741321 

743044 

744769 

746496 

748225 

749956 

751689 

753424 


525557943 

527514112 

529475129 

531441000 

533411731 

535387328 

537367797 

539353144 

541343375 

543338496 

545338513 

547343432 

549353259 

551368000 

653387661 

555412248 

557441767 

559476224 

561515625 

563559976 

565609283 

5G7663552 

569722789 

571787000 

573856191 

575930368 

578009537 

580093704 

582182875 

584277056 

586376263 

588480472 

590589719 

592704000 

594823321 

596947688 

599077107 

601211584 

603351125 

605495736 

607645423 

609800192 

611960049 

614125000 

616295051 

618470208 

620650477 

622835864 

625026375 

627222016 

629422793 

631628712 

633839779 

636056000 

638277381 

640503928 

642735647 

644972544 

647214625 

649461896 

651714363 

653972032 


Square 

Roots. 


28.4077454 
28.4253408 
28.4429253 

28.4604989 

28.4780617 

28.4956137 

28.5131549 

28.5306852 

28.5482048 

28.5657137 

28.5832119 

28.6006993 

28.6181760 

28.6356421 

28.6530976 

28.6705424 

28.6879766 

28.7054002 

28.7228132 

28.7402157 

28.7576077 

28.7749891 

28.7923601 

28.8097206 
28.8270706 
28.8444102 
28.8617394 
28.8790582 
28.8963666 
28.9136646 
28.9309523 
28.9482297 
28.9654967 

28.9827535 

29.0000000 

29.0172363 

29.0344623 

29.0516781 

29.0688837 

29.0860791 

29.1032644 

29.1204396 

29.1376046 

29.1547595 

29.1719043 

29.1890390 

29.2061637 

29.2232784 

20.2403830 

29.2574777 

29.2745623 

29.2916370 

29.3087018 

29.3257566 

29.3428015 

29.3598365 

29.3768016 

29.3938769 

29.4108823 

29.4278779 

29.4448637 

29.4618397 


Cube Roots. Reciprocals. 


9.3101750 

9.3140190 

9.3178599 

9.3216975 

9.3255320 

9.3293634 

9.3331916 

9.3370167 

9.3408386 

9.3446575 

9.3484731 

9.3522857 

9.3560952 

9.3599016 

9.3637049 

9.3675051 

9.3713022 

9.3750963 

9.3788873 

9.3826752 

9.3864600 

9.3902419 

9.3940206 

9.3977964 

9.4015691 

9.4053387 

9.4091054 

9.4128690 

9.4166297 

9.4203873 

9.4241420 

9.4278936 

9.4316423 

9.4353880 

9.4391307 

9.4428704 

9.4466072 

9.4503410 

9.4540719 

9.4577999 

9.4615249 

9.4652470 

9.4689661 

9.4726824 
9.4763957 
9.4801061 
9.4838136 
9.4875182 
9.4912200 
9.4949188 
9 4986147 
9.5023078 
9.5059980 

9.6096854 

9.5133699 

9.5170515 

9.5207303 

9.5244063 

9.6280794 

9.5317497 

9.5354172 

9.5390818 


.001239157 

.001237624 

.001236094 

.001234568 

.001233046 

.001231527 

.001230012 

.001228501 

.001226994 

.001225490 

.001223990 

.001222494 

.001221001 

.001219512 

.001218027 

.001216545 

.001215067 

.001213592 

.001212121 

.001210654 

.001209190 

.001207729 

.001206273 

.001204819 

.001203369 

.001201923 

.001200480 

.001199041 

.001197605 

.001196172 

.001194743 

.001193317 

.001191895 

.001190476 

.001189061 

.001187648 

.001186240 

.001184834 

.001183432 

.001182033 

.001180638 

.001179245 

.001177856 

.001176471 

.001175088 

.001173709 

.001172333 

.001170960 

.001169591 

.001168224 

.001166861 

.001165501 

.001164144 

.001162791 
.001161440 
.001160093 I 
.001158749 
.001157407 1 
.001156069 
.001154734 ! 
.001153403 
.001152074 
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Practical Arithmetic 


[Part 1 




Squares. 


7551G1 

756900 

758641 

7603S4 

762129 

763876 | 

765625 

767376 ! 

769129 

770884 

772641 

774400 

776161 

777924 

779689 

781456 

783225 

784996 

786769 

788544 

790321 

792100 

793881 

795664 

797449 

799236 

801025 

802816 

804609 

806404 

808201 

810000 

811801 

813604 

815409 

817216 

819025 

820836 

822649 

824464 

826281 

828100 

829921 

831744 

833569 

835396 

837225 

839056 

840889 

842724 

844661 

846400 

848241 

850084 

851929 

863776 

855625 

857476 

859329 

861184 

863041 

864900 


Square 

Rooto. 


Cube Roots. Reciprocals. 


656234909 

658503000 

660776311 

663054848 

665338617 

667627624 

669921875 

672221376 

674526133 

676836152 

679151439 

681472000 

683797841 

686128968 

688465387 

690807104 

693154125 

695506466 

697864103 

700227072 

702595369 

704969000 

707347971 

709732288 

712121957 

714516984 

716917375 

719323136 

721734273 

724150702 

726572699 

729000000 

731132701 

733870808 

736314327 

738763264 

741217625 

743677416 

746142643 

748613312 

751089429 

753571000 

756058031 

758550528 

761048497 

763551944 

766060875 

768575296 

771095213 

773620632 

776151559 

778688000 

781229961 

783777448 

786330467 

788889024 

791453125 

794022776 

796597983 

799178752 

801765089 

804357000 


29.4788059 9.5427437 


29.4957624 

29.5127091 

29.5296461 

29.5465734 

29.5634910 

29.5803989 

29.5972972 

29.6141858 

29.6310648 

29.6479342 

29.6647939 

29.6816442 

29.6984848 

29.7153159 

29.7321375 

29.7489496 

29.7657521 

29.7825452 

29.7993289 

29.8161030 

29.8328678 

29.8496231 

29.8663690 

29.8831056 

29.8998328 

29.9165506 

29.9332591 

29.9499583 

29.9666481 

29.9833287 

30.0000000 
30.0166620 
30.0333148 
30.0499584 
30.0665928 
30.0832179 
30.0998339 
30.1184407 
30.1330383 
30.1496269 

30.1662063 

30.1827765 

30.1993377 

30.2158899 

30.2324329 

30.2489669 

30.2654919 

30.2820079 

30.2985148 

30.3150128 

30,3315018 

30.3479818 

30.3644529 

30.3809151 

30.3973683 

30.4188127 

30.4302481 

30.4466747 

30.4830924 

30.4795013 

30.4959014 


9.5464027 
9.5500589 
9.5537123 
9.5573630 
9.5610108 
9.5646559 
9.5682982 
9.5719377 
9.5755745 
9.5792085 

9.5828397 

9.5864682 

9.5900939 

9.5937160 

9.5973373 

9.6009648 

9.6045696 

9.6081817 

9.6117911 

9.6153977 

9.6190017 

9.6226030 

9.6262016 

9.6297975 

9.6333907 

9.6369812 

9.6405690 

9.6441542 

9.6477367 

9.6513166 

9.6548938 

9.6584684 

9.6620403 

9.6656096 

9.6691762 

9.6727403 

9.6763017 

9.6798604 

9.6834166 

9.6869701 

9.6905211 
9.6940694 
9.6976151 
9.7011583 
9.7046989 
9.7082369 
9.7117723 
9.7163051 
9.7188354 
9.7223631 

9.7258883 

9.7294109 

9.7329309 

9.7364484 

9.7399634 

9.7434758 

9.7469857 

9.7504030 

9.7539979 

9.7575002 

9.7610001 


.001150748 

.001149425 

.001148106 

.001146789 

.001145475 I 

.001144165 I 

.001142857 

.001141553 

.001140251 

.001138952 

.001137656 

.001136364 

.001135074 

.001133787 

.001132503 

.001131222 

.001129944 

.001128668 

.001127396 

.001126126 

.001124859 

.001123596 
.001122334 
.001121076 
.001119821 
.001118568 
.001117318 
.001116071 
.001114827 
.001113586 
.001112347 j 

.001111111 

.001109878 

.001108647 

.001107420 

.001106195 

.001104972 

.001103753 

.001102536 

.001101322 

.001100110 

.001098901 

.001097695 

.001096491 

.001095290 

.001094092 

.001092896 I 

.001091703 

.001090513 

.001089325 

.001088139 

.001086957 

.001085776 

.001084599 

.001083423 

.001082251 

.001081081 

.001079914 

.001078749 

.001077586 

.001076426 

.001075269 
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866761 

868624 

870489 

872356 

874225 

876096 

877969 

879844 

881721 

883600 

8854S1 

887364 

889249 

891136 

893025 

891916 

896809 

808704 

900601 

902500 

904401 

906304 

908209 

910116 

912025 

913936 

915849 

917764 

019681 

921600 

923521 

925444 

927369 

929296 

931225 

933156 

935089 

937024 

93§961 

940900 

912841 

944/84 

916729 

948676 

950025 

952576 

954529 

956484 

958441 

960400 

962361 

964324 

966289 

968256 

970225 

972196 

974169 

976144 

978121 

980100 

982081 

984064 


Cubes. 


806954491 

809557568 

812166237 

814780504 

817400375 

820025856 

822656953 

825293672 

827936019 

830584000 

833237621 

835896888 

838561807 

841232384 

843908625 

84G590536 

849278123 

851971392 

854G70349 

857375000 

860085351 

862801408 

865523177 

868250664 

870983875 

873722816 

876467493 

879217912 

881974079 

884736000 

887503681 

890277128 

893056347 

895841344 

898632125 

901428696 

904231063 

907039232 

909853209 

912673000 

915498611 

918330048 

921167317 

924010424 

926859375 

929714176 

932574833 

935441352 

938313739 

941192000 

944076141 

946966168 

949862087 

952763904 

955671625 

958585256 

961504803 

964430272 

967361669 

970299000 

973242271 

976191488 


Square 

Roots. 

30.5122926 

30.5286750 

30.5450487 

30.5614136 

30.5777697 

30.5941171 

30.6104557 

30.6267857 

30.6431069 

30.6594194 
30.6757233 
30.6920185 
30.7083051 
30.7245830 
30.7408523 
30.7571130 
30.7733651 
30.7896086 
30.8058436 

30.8220700 

30.8382879 

30.8544972 

30.8706981 

30.8868904 

30.9030743 

30.9192497 

30.9354166 

30.9515751 

30.9677251 

30.9838668 

31.0000000 

31.0161248 

31.0322413 

31.0483494 

31.0644491 

31.0805405 

31.0966236 

31.1126984 

31.1287648 

31.1448230 
31.1608729 
31.1769145 
31.1929479 
31.2089731 
31.2249900 
31.2409987 
31.2569992 
31.2729915 
31.2889757 

31.3049517 
31.3209195 
31.3368792 
31.3528308 
31.3687743 
31.3847097 
31.4006369 
31.4165561 
31.4324673 
31.4483704 

31.4642654 

31.4801525 

31.4960316 


Cube Roots. 


9.7644974 

9.7679922 

9.7714845 

9.7749743 

9.7784616 

9.7819466 

9.7854288 

9.7889087 

9.7923861 

9.7958611 
9.7993336 
9.8028036 
9.8062711 
9.8097362 
9.8131989 
9 8166591 
9.8201169 
0 8235723 
9.8270252 

9.8304757 

9.8339238 

9.8373695 

9.8408127 

9.8442536 

9.8476920 

9.8511280 

9.8545617 

9.8579929 

9.8614218 

9.8648483 
9.8682724 
9.8716941 
9.8751135 
9.8785305 
9.8819451 
9.8853574 
9 8887673 
9.8921749 
9.8955801 

9.8989830 
9.9023835 
9 9057817 
9.9091776 
9.9125712 
9.9159624 
9.9193513 
9.9227379 
9.9261222 
9.9295042 

0.9328839 

9.9362613 

9.9396363 

9.9430092 

9.9463797 

9.9497479 

9.9531138 

9.0564775 

9.9598389 

9.9631981 

9.9665549 

9.9699095 

9.9732619 


Reciprocals. 

Too1074114 
.001072961 
.001071811 
.001070664 
.001069519 
.001068376 
.001067236 
.001066098 
.001064963 

.001063830 

.001062699 

.001061571 

.001060445 

.001059322 

.001058201 

.001057082 

.001055966 

.001054852 

.001053741 

.001052632 

.001051525 

.001050420 

.001049318 

.001048218 

.001047120 

.001046025 

.001044932 

.001043841 

.001042753 

.001041667 

.001040583 

.001039501 

.001038422 

.001037344 

.001036269 

.001035197 

.001034126 

.001033058 

.001031992 

.001030928 

.001029866 

.001028807 

.001027749 

.001026694 

.001025641 

.001024590 

.001023541 

.001022495 

.001021450 

.001020408 

.001019368 

.001018330 

.001017294 

.001016260 

.001015228 

.001014199 

.001013171 

.001012146 

.001011122 

.001010101 

.001009082 

.001008065 
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Squares. 


986049 

988036 

990025 

992016 

994009 

996004 

998001 

1000000 

1002001 

1004004 

1006009 

1008016 

1010025 

1012036 

1014049 

1016064 

1018081 

1020100 

1022121 

1024144 

1026169 

1028196 

1030225 

1032256 

1034289 

1036324 

1038361 

1040400 

1042441 

1044484 

1046529 

1048576 

1050625 

1052676 

1054729 

1056784 

1058841 

1060900 

1062961 

1065024 

1067089 

1069156 

1071225 

1073296 

1075369 

1077444 

1079521 

1081600 

1083681 

1085764 

1087849 

1089936 f 

1092025 \ 

1094116 

1096209 

1098304 

1100401 

1102500 


979146657 

982107784 

985074875 

988047936 

991026973 

994011992 

997002999 

1000000000 

1003003001 

1006012008 

1009027027 

1012048064 

1015075125 

1018108216 

1021147343 

1024192512 

1027243729 

1030301000 

1033364331 

1036433728 

1039509197 

1042590744 

1045678375 

1048772096 

1051871913 

1054977832 

1058089859 

1061208000 

1064332261 

10674G264S 

1070599167 

1073741824 

1076890625 

1080045576 

1083206683 

1086373952 

1089547389 

1092727000 

1095912791 

1099104768 

1102302937 

1105507304 

1108717875 

1111934656 

1115157653 

1118386872 

1121622319 

1124864000 

1128111921 

1131366088 

1134626507 

1137893184 

1141166125 

1144445336 

1147730823 

1151022592 

1154320649 

1157625000 


1104601 1160935651 
1106704 1164252608 
1108809 1167575877 
1110916 1170905464 


Square 

Roots. 


31.5119025 
31.5277655 
31.5436206 
31.5594677 
31.5753068 
31.5911380 
31.6069613 
31.6227766 

31.6385840 
l 31.6545836 
31.6701752 
31.6859590 
31.7017349 
31.7)75030 
31.7332633 
31.7490157 
31.7647003 
31.7804972 

31.7962262 
31.8119474 
31.8276609 
31.8433666 
31.8590646 
31.8747549 
31.8904374 
31.9061123 
31.9217794 
31.9374388 

31.9530906 
31.9687347 
31.9843712 
32.0000000 
32.0156212 
32 0312348 
32.0468407 
32.0624391 
32.0780298 
32.0936131 

32.1091887 

32.1247568 

32.1403173 

32.1558704 

32.1714159 

32.1869539 

32.2024844 

32.2180074 

32.2335229 

32.2490310 

32.2645316 

32.2800248 

32.2955105 

32.3109888 

32.3264598 

32.3419233 

32.3573794 

32.3728281 

32.3882695 

32.4037035 

32.4191301 

32.4345495 

32.4499615 

32.4653662 


Cube Roots. I Reciprocals. 


9.9766120 
9.9799599 
9.9833055 
9.9866488 
9.9899900 
9.9933289 
9.9966656 
10.0000000 

10.0033322 

10.0066622 

10.0099899 

10.0133155 

10.0166389 

10.0199601 

10.0232791 

10.0265958 

10.0299104 

10.0332228 

10.0365330 

10.0398410 

10.0431469 

10.0464506 

10.0497521 

10.0530514 

10.0563485 

10.0596435 

10.0629364 

10.0662271 

10.0695156 
10.0728020 
10.0760863 
10.0793684 
10.0826484 
10.0859262 
10.0892019 
10 0924755 
10.0957469 
10.0990163 

10.1022835 
10.1055487 
10.1088117 
10.1120726 
10.1153314 
10.1185882 
10.1218428 
10.1250953 
10.1283457 
10.1315941 

10 1348403 
10.1380845 
10.1413266 
10.1445667 
10.1478047 
10 1510406 
10.1542744 
10.1575062 
10.1607359 
10.1639636 

10.1671893 

10.1704129 

10.1736344 

10.1768539 


.001007049 
.001006036 
•0010Q5025 
.001004016 
.001003009 
.001002004 
.001001001 I 
.001000000 

.0009990010 
.0009980040, 
.0009970090 
.0009960159 
.0009950249 
.0009940358 
.0009930487i 
.0009920635 
.0009910803 
.0009900990 

.0009891197 

.0009881423 

.0009871668 

.0009861933 

.0009852217 

.0009842520 

.0009832842 

.0009823183 

.0009813543 

.0009803922 

.0009794319 

.0009784736 

.0009775171 

.0009765625 

.0009756098 

.0009746589 

.0009737098 

.0009727626 

.0009718173 

.0009708738 

.00096993211 
.0009689922 
.0009680542 
.0009671180 
.0009661836 
.0009652510 
. 0009643202! 
.0009633911 1 
.0009624639 
.00096153851 

.000960614 
.00095969 
.00095877381 
.0009578544 
.0009569378 
.0009560229 
.0009551098 
.0009541985 
.0009532888 
.0009523810 

.0009514748 

.0009505703 

.0009496676 

.0009487666 
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2. WEIGHTS AND MEASURES 


Measures of Length 

12 inches — 1 foot 
3 feet ■■ 1 yard « 36 inches 

5yards =1 rod * 198 inches = 16}^ feet 

40 rods »1 furlong — 7 920 inches ■» 660 feet ■■ 220 yards 

8 furlongs ■■ 1 mile -■ 63 360 inches -»5 280 feet ** 1 760 yards •» 320 rods 

1 yard ■» 0.0005682 of a mile 

Gunter’s Chain 
7.92 inches — 1 link 

100 links « 1 chain — 4 rods <- 66 feet 
80 chains — 1 mile 


Ropes and Cables 

6 feet — 1 fathom 120 fathoms — 1 cable’s length 


Table Showing Inches Expressed in Decimals of a Foot 


r i 

Tn. 0 l 2 3 4 5 6 7 8 9 10 11 

0 Foot .0333 i 1667 .2500 3333 1107 .5000 .5833 .6667 .7500 .8333 9167 

1-32 0026 0S59 .1693 .2526 3359 4193 .5026 5859 6693 7526 8359 .9193 

1-16 0052 OS85 1719 2552 .3385 4219 .5052 .5885 6719 .7552 .8385 .9219 

3-32.0078 .0911 .1745 .2578 . 3411 4245 .5078 5911 .6745 7578 .8411 .9245 

1-8 .0104 .0938 .1771 .2604 3438 4271 .5104 .5938 .6771 .7604 .8438 .9271 

5-32 0130 .0964 .1797 .2630 .3464 4297 .5130 5964 6797 7630 .8464 .9297 

3-16.0156 0990 .1823 2656 3490 . 4323 .5156 .5990 6823 .7656 .8490 .9323 

7-32 .0182 .1016 .1849 .2682 .3516 .4349 .5182 6016 .6849 .7682 .8516 .9349 

1-4 .0208 1042 .1875 .2708 .3542 .4375 .5208 .6042 6875 .7708 .8542 9375 

9-32.0234 .1068 1901 .2734 .3568 .4401 .5234 .6068 .6901 .7734 .856S 9401 

5-16.0260 .1094 .1927 .2760 .3594 .4427 .5260 6094 .6927 .7760 .8594 .9427 

11-32.0286 .1120 .1953 .2780 3020 .4453 .5286 6120 .6953 .7786 .8620 .9453 

3-8 .0313 .1146 .1979 .2813 3646 .4479 .5313 .6146 .6979 7813 .8646 .9479 

13-32.0339 .1172 .2005 .2839 3672 .4505 5339 .6172 .7005 .7839 .8672 .9505 

7-16.0365 .1198 .2031 .2865 3698 4531 .5365 .6198 .7031 .7865 .8698 .9531 

15-32.0391 .1224 .2057 .2891 3724 .4557 .5391 .6224 .7057 7891 .8724 .9557 

1-2 .0417 .1250 .2083 .2917 3750 .4583 .5417 6250 .7083 .7917 .8750 9583 

17-32.0443 .1276 .2109 .2943 3776 4609 .5143 6276 7109 7913 .8776 .9609 

9-16 0469 .1302 .2135 .2969 3802 .4635 .5469 .6302 .7135 7969 .8802 9635» 

19-32.0195 .1328 .2161 .2995 .3828 .1661 .5195 .6328 .7161 .7996 .882.8 .9661 
5-8 0521 I 1354 .2188 .3021 3851 4688 5521 .6354 7188 .8021 .8854 9688 

21-32 0547 i.1380 .2214 .3017 3880 .4714 .5547 .6380 .7211 .8047 .8880 9714 

11-16 .0573 .1406 2240 .3073 .3906 .4740 .5573 .6406 .7240 .8073 .8906 .9740 

23-32.0599 .1432 .2266 .3099 .3932 4766 .5599 .6432 .7266 .8099 .8932 9766 

3-4 .0625 .1458 .2292 .3125 .3958 . 4792 .5625 .6458 .7292 .8125 .8958 .9792 

25-32.0651 .1484 .2318 .3151 .3984 .4818 .5651 .6484 .7318 .8151 .8984 .9818 

13-16.0677 .1510 .2344 .3177 .4010 .4844 .5677 .6510 .7344 .8177 .9010 .9944 

27-32.0703 .1536 .2370 .3203 .4036 .4870 .5703 .6536 .7370 .8203 .9036 .9970 

7-8 .0729 .1563 .2396 .3229 .4063 .4896 .5729 .6563 .7396 .8229 .9063 .9896 

29-32.0755 .1589 .2422 .3255 .4089 .4922 .5755 .6589 .7422 .8255 .9089 .9922 

15-16.0781 .1615 .2448 .3281 .4115 .4948 .5781 .6615 .7448 8281 .9115 .9948 

31-32 .0807 .1641 .2474 .3307 . 4141 .4974 .5807 .6641 .7474 .8307 .9141 .9974 

0 1 2 3 4 5 6 7 S ‘ 9 10 11 
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Ha 

Hi 

Decimals 

Frac¬ 

tions 

Ha 

Hi 

Decimals 

Frac¬ 

tions 


1 

0.015625 



33 

0 515625 


1 


0.03125 


17 

34 

0 53125 




0 046875 



35 

0.546875 


MM 


0.0625 

Ms 

18 

36 

0 5625 

Ms 

m 

5 

0 078125 



37 

0.578125 



6 

0.09375 


19 

38 

0.59375 



7 

0.109375 



39 

0 609375 


Kfl 

8 

0 125 

k 

20 

40 

0.625 

H 


9 

0 140625 



41 

0 640625 


5 

10 

0 15625 


21 

42 

0 65625 



11 

0.171875 



43 

0 671875 


6 

12 

0.1875 

Ms 

22 

44 

0 6875 

iHs 


13 

0.203125 



45 

0 703125 


7 

14 

0.21875 


23 

46 

0 71875 



15 

0.234375 



47 

0 734375 


8 

16 

0 25 

M 

24 

48 

0 75 

h 


17 

0.265625 



49 

0 765625 


9 

18 

0 28125 


25 

50 

0 78125 



19 

0.296875 



51 

0 796875 


10 

20 

0.3125 

Vs ' 

26 

52 

0 8125 

iM* 


21 

0.328125 



53 

0.828125 


11 

22 

0.34375 


27 

54 

0.84375 



23 

0.359375 



55 

0.859375 


12 

24 

0.375 

’ V ’ 

28 

56 

0.875 

* k' 


25 

0.390625 



57 

0.890625 


. 

13 

26 

0.40625 


29 

58 

0.90625 



27 

0.421875 



59 

0 921875 


14 

28 

0.4375 

’ V«* 

30 

60 

0.9375 



29 

0.453125 



61 

0.953125 


IS 

30 

0 46875 


31 

62 

0 96875 



31 

0.484375 


.. . . 

63 

0.984375 


16 

32 

0.5 

* k ’ ’ 

32 

64 

1. 

1 


Nautical Measures 

A nautical or sea-mile is the length of a minute of longitude of the earth at 
the equator at the level of the sea. It is assumed that 6086.07 ft ■» 1.152664 
statute or land-miles by the United States Coast Survey. 

3 nautical miles « 1 league 


Miscellaneous Measures 

1 palm - 3 inches 1 span - 9 inches 

1 hand - 4 inches 1 meter « 3.2809 feet 
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Measures of Surface 

144 square inches — 1 square foot 
9 square feet - 1 square yard — 1 296 square inches 

100 square feet « 1 square (architects’ measure) 

Land Measure 

30% square yards — 1 square rod 

40 square rods *■ 1 square rood <■ 1 210 square yards 

4 square roods 1 =» 1 acre - 4 840 square yards 

10 square chains f =» 160 square rods 

j 640 acres » 1 square mile = 3 097 600 square yards ■■ 

1 102 400 square rods = 2 560 square roods 

208.71 feet square = 1 acre *» 43 560 square feet 

A section of land is a square mile, and a quarter-section is 160 acres 


Measures of Volume 

1 gallon, liquid measure «* 231 cubic inches, and contains 8.339 avoirdupois 
pounds of distilled water at 39.8° F., or 58 333 grains 

1 cubic foot contains 7.48 liquid gallons, or 6.428 dry gallons 
1 gallon, dry measure = 268.8 cubic inches 

1 bushel (Winchester) contains 2 150.42 cubic inches, or 77.627 pounds 
distilled water at 39.8° F. 

A heaped bushel contains 2 747.715 cubic inches 


Dry Measure 

2 pints - 1 quart - 

4 quarts « 1 gallon « 8 pints - 

2 gallons — 1 peck *» 16 pints = 8 quarts 

4 pecks — 1 bushel - 64 pints = 32 quarts 

1 cord of wood - 128 cubic feet 


67.2 cubic inches 
268.8 cubic inches 
537.6 cubic inches 
8 gallons 
2 150.42 cubic inches 


Liquid Measure 

4 gills - 1 pint ■ 16 fluid ounces 

2 pints «=> 1 quart — 8 gills — 32 fluid ounces 

4 quarts *» 1 gallon — 32 gills *• 8 pints 128 fluid ounces 

In the United States and Great Britain 1 barrel of wine or brandy *» 31}^ 
gallons, and contains 4 211 cubic feet. 

A hogshead is 63 gallons, but this term is often applied to casks of various 
capacities. 

Cubic Measure 

1 728 cubic inches ■■ 1 cubic foot 
27 cubic feet « 1 cubic yard 

In measuring wood, a pile of wood cut 4 feet long, piled 4 feet high, and 8 
feet on the ground, making 128 cubic feet, is called a cord. 

16 cubic feet make one cord-foot. 

A perch op stone is nominally 16% feet long, 1 foot high and 1 % feet thick, 
and contains 24% cubic feet. 
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A perch of stone is, however, often computed differently in different locali¬ 
ties; thus, in most if not all of the States and Territories west of the Missis¬ 
sippi, stone-masons figure rubble by the perch of cubic feet. In Phila¬ 
delphia, 22 cubic feet are called a perch. In Chicago, stone is measured by 
the cord of 100 cubic feet. 

A ton of shipping is 42 cubic feet in Great Britain and 40 cubic feet in the 
United States. 

Fluid Measure 

60 minims «■ 1 fluid drachm 

8 fluid drachms - 1 ounce 

16 ounces -» 1 pint 

8 pints - 1 gallcj. 

Miscellaneous Measures 

Butt of Sherry - 108 gallons Puncheon of Brandy - 110 to 120 gallons 

Pipe of Port —115 gallons Puncheon of Rum — 100 to 110 gallons 

Butt of Malaga - 105 gallons Hogshead of Brandy - 55 to 60 gallons 

Puncheon of Scotch Whiskey Hogshead of Claret — 46 gallons 

- 110 to 130 gallons 

Measures of Weight 

The standard avoirdupois pound is the weight of 27.7015 cubic inches of 
distilled water weighed in air at 39.83° F., with the barometer at 30 inches. 
It contains 7 000 grains. One pound avoirdupois - 1.2153 pounds troy. 

Avoirdupois, or Ordinary Commercial Weight 

1 drachm - 27.343 grains 

16 drachms ■=* 1 ounce (oz) 

16 ounces — 1 pound (lb) 

100 pounds - 1 hundredweight (cwt) 

20 hundredweight — 1 ton 

In collecting duties upon foreign goods at the United States custom-houses, 
and also in freighting coal and selling it by wholesale, 

28 pounds - 1 quarter 

4 quarters, or 112 pounds 1 hundredweight 
20 hundredweight — 1 long ton — 2 240 pounds 

A stone — 14 pounds 

A quintal - 100 pounds 

The following measures are sanctioned by custom or law: 1 bushel - 1.244 
cubic feet or cubic feet, nearly. 

32 pounds of oats - 1 bushel 

45 pounds of Timothy-seed - 1 bushel 
48 pounds of barley - 1 bushel 

56 pounds of rye « 1 bushel 

56 pounds of Indian com ■* 1 bushel 
50 pounds of Indian meal - 1 bushel 
60 pounds of wheat — 1 bushel 

60 pounds of clover-seed - 1 bushel 
60 pounds of potatoes - 1 bushel 
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56 pounds of butter 
100 pounds of meal or flour 
100 pounds of grain or flour 
100 pounds of dry fish 
100 pounds of nails 
196 pounds of flour 
200 pounds of beef or pork 
80 pounds of lime 


1 firkin 
1 sack 
1 cental 
1 quintal 
1 cask 
1 barrel 
1 barrel 
1 bushel 


Troy Weight 

Used in Weighing Gold or Silver 

24 grains — 1 pennyweight (pwt) 

20 pennyweights — 1 ounce (oz) 

12 ounces « 1 pound (lb) 

A carat of the jewelers, for precious stones, is, in the United States, 3.2 
grains, but it varies according to different authorities. In London, 3.17 grains, 
in Paris, 3.18 grains are divided into 4 jewelers’ grains. The international 
carat is 3.168 grains or 200 milligrams. In troy, apothecaries’ and avoirdupois 
weights, the grain is the same, 1 pound troy being equal to 0.82286 pound 
avoirdupois. 


Apothecaries’ Weight 

Used in Compounding Medicines and in Putting Up Medical 
Prescriptions 

20 grains (gr) - 1 scruple ©) 8 drachms - 1 ounce (oz) 

3 scruples - 1 drachm (3) 12 ounces - 1 pound (lb) 

Measures of Value 

United States Standard 

10 mills — 1 cent 10 dimes ■■ 1 dollar 

10 cents — 1 dime 10 dollars - 1 eagle 

The standard of gold and silver is 900 parts of pure metal and 100 of alloy 
in 1 000 parts of coin. 

The fineness expresses the quantity of pure metal in 1 000 parts. 

The remedy of the mint is the allowance for deviation from the exact 
standard fineness and weight of coins. 


Weights of Coins 


Double eagle 
Eagle 

Dollar (gold) 

Dollar (silver) 
Half-dollar 
5-cent piece (nickel) 
Cent (bronze) 


516 troy grains 
258 troy grains 
25.8 troy grains 
412.5 troy grains 
192 troy grains 
77.16 troy grains 
48 troy grains 
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Measures of Time 

60 seconds — 1 minute 365 days - 1 common year 

60 minutes — 1 hour 366 days ■■ 1 leap-year 

24 hours * 1 day 

A solar day is measured by the rotation of the earth upon its axis, with 
respect to the sun. 

In astronomical computations and in nautical time the day commences 
at noon, and in the former it is counted throughout the 24 hours. 

In civil computations the day commences at midnight, and is divided into 
two parts of 12 hours each. 

A solar year is the time in which the earth makes one revolution around 
the sun. Its average time, called the mean solar year, is 365 days, 5 hours, 
48 minutes and 49.7 seconds, or nearly 365% days. 

A mean lunar month, or lunation of the moon, is 29 days, 12 hours, 
44 minutes, 2 seconds and 5.24 thirds. It is equal, on the average, to 29.53 
days. 

The Calendar, Old and New Style 

The Julian Calendar was established by Julius Carsar, 44 B.C., and by it one 
day was inserted in every fourth year. This was the same thing as assuming 
that the length of the solar year was 365 days and 6 hours, instead of the value 
given above, thus introducing an accumulative error of 11 minutes and 12 sec¬ 
onds every year. This calendar was adopted by the church in 325 a.d., at the 
Council of Nice. In the year 1582 the annual error of 11 minutes and 12 
seconds had amounted to 10 days, which, by order of Pope Gregory XIII, was 
suppressed in the calendar, and the 5th of October reckoned as the 15th. To 
prevent the repetition of this error, it was decided to leave out three of the 
inserted days every 400 years, and to make this omission in the years which 
are not exactly divisible by 400. Thus, of the years 1700, 1800,1900 and 2000, 
all of which are leap-years according to the Julian Calendar, only the last is a 
leap-year according to the Reformed or Gregorian Calendar. This 
Reformed Calendar was not adopted by England until 1752, when 11 days 
were omitted from the calendar. The two calendars are now often called the 
Old Style and the New Style. The latter style is now adopted in every 
Christian country except Russia. 

Circular and Angular Measures 

Used for Measuring Angles and Arcs, and for Determining 
Latitude and Longitude 

60 seconds (") — 1 minute (0 

60 minutes — 1 degree (°) 

360 degrees - 1 circumference (C) 

The second is usually subdivided into tenths and hundredths. 

A minute of the circumference of the earth is a geographical mile. 

The degrees of the earth's circumference on a meridian average 69.16 com¬ 
mon miles. 


The Metric System 

The metric system is a system of weights and measures based upon a unit 
called a meter. 

The meter was intended to be one ten-millionth part of the distance from 
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the equator to either pole, measured on the earth's surface at the level of the 
sea. 

The names of derived metric denominations are formed by prefixing to the 
name of the primary unit of measure: 

Milli, a thousandth Hecto, one hundred 

Centi, a hundredth Kilo, a thousand 

Deci, a tenth Myria, ten thousand 

Deca, ten 

This system, first adopted by France, has been extensively adopted by other 
countries, and is much used in the sciences and the arts. It was legalized in 
1866 by Congress to be used in the United States, and is already employed by 
the Coast Survey, and, to some extent, by the Mint and the General Post- 
Office. 

Linear Measures 

The meter is the primary unit of lengths 

10 millimeters (mm) — 1 centimeter (cm) » 0.3937 inch 

10 centimeters - 1 decimeter (dm) » 3.937 inches 

10 decimeters - 1 meter (m) - 39.37 inches 

10 meters - 1 decameter « 393 7 inches 

10 decameters - 1 hectometer — 328 feet 1 inch 

10 hectometers - 1 kilometer (km) - 0.62137 mile 

10 kilometers - 1 mynameter « 6.2137 miles 

The meter is used in ordinary measurements; the centimeter, or milli¬ 
meter, in reckoning very small distances; and the kilometer, for roads or 
great distances. 

A centimeter is about % of an inch; a metes is about 3 feet 3% inches; a 
kilometer is about 200 rods, or % of a mile. 

Measures of Surface 

The square meter is the primary unit of ordinary surfaces. 

The are, a square, each of whose sides is ten meters, is the unit of land 
measures. 

100 square millimeters (mm 2 ) — 1 square centimeter (cm 2 ) - 0.155 square inch 
100 square centimeters -* 1 square decimeter — 15.5 square inches 
100 square decimeters — 1 square meter (m 2 ) — 1 550 square inches, or 
1.196 square yards 

100 centiares, or square meters - 1 are (a) — 119.6 square yards 

100 ares - 1 hectare (ha) - 2.471 acres 

A square meter, or one centiare, is about 10% square feet, or 1% square 
yards, and a hectare is about 2% acres. 

Cubic Measure 

The cubic meter, or stere, is the primary unit of a volume. 

1 000 cubic millimeters (mm 1 ) — 1 cubic centimeter (cm 2 ) - 0.061 cubic inch 
1 000 cubic centimeters «■ 1 cubic decimeter (dm 2 ) - 61.022 cubic inches 
1 000 cubic decimeters — 1 cubic meter (m 3 ) — 35.314 cubic feet 
The stere is the name given to the cubic meter in measuring wood and 
timber. A tenth of a stere is a decistere, and ten steres are a decastere. 
A cubic meter, or stere, is about 1% cubic yards, or about 2% cord feet. 
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Liquid and Dry Measures 

The liter is the primary unit of measures of capacity, and is a cube, each of 
whose edges is a tenth of a meter in length. 

The hectoliter is the unit in measuring large quantities of grain, fruits, 
roots and liquids. 

10 milliliters (ml) — 1 centiliter (cl) ■■ 0.338 fluid ounce 

10 centiliters «= 1 deciliter - 0.845 liquid gill 

10 deciliters «* 1 liter (1) - 1.0567 liquid quarts 

10 liters - 1 decaliter - 2.6417 gallons 

10 decaliters - 1 hectoliter (hi) - 2 bushels, 3.35 pecks 

10 hectoliters • 1 kiloliter — 28 bushels, lj^ pecks 

A centiliter is about of a fluid ounce; a liter is about 1^8 liquid 
quarts, or of a dry quart; a hectoliter is about 2% bushels; and a 
kiloliter is one cubic meter, or stere. 

Weights 

The gram is the primary unit of weights, and is the weight in a vacuum of a 
cubic centimeter of distilled water at the temperature of 39.2° F. 

10 milligrams (mg) - 1 centigram (eg) — 0.1543 troy grain 

10 centigrams — 1 decigram (dg) — 1.543 troy grains 

10 decigrams - 1 gram (g) - 15.432 troy grains 

10 grams ■» 1 decagram — 0.3527 avoirdupois ounce 

10 decagrams — 1 hectogram ■■ 3.5274 avoirdupois ounces 

10 hectograms - 1 kilogram (kg) - 2.2046 avoirdupois pounds 

10 kilograms =» 1 myriagram «= 22 046 avoirdupois pounds 

10 myriagrams - 1 quintal (q) - 220.46 avoirdupois pounds 

10 quintals - 1 tonneau (t) » 2204.6 avoirdupois pounds 

1 kilogram per kilometer » 0.67195 pound per 1 000 feet 
1 pound per thousand feet — 1.4882 kilograms per kilometer 
1 kilogram per square millimeter «* 1 423 pounds per square inch 
l pound per square inch «* 0.000743 kilogram per square millimeter 
The gram is used in weighing gold, jewels, letters and small quantities of 
things. The kilogram, or, for brevity, kilo, is used by grocers; and the 
tonneau, or metric ton, is used in finding the weight of very heavy articles. 

A gram is about 153^ grains troy; the kilo about 2 pounds avoirdupois; 
and the metric ton, about 2 205 pounds. 

A kilo is the weight of a liter of water at its greatest density; and the 
metric ton, of a cubic meter of water. 

Metric numbers are written with the decimal point (.) at the right of the 
figures denoting the unit; thus the expression, 15 meters 3 centimeters, is 
written, 15.03 m. 

When metric numbers are expressed by figures, the part of the expression at 
the left of the decimal point is read as the number of the unit, and the part at 
the right, if any, as a number of the lowest denomination indicated, or as a 
decimal part qf the unit; thus, 46.525 m is read 46 meters and 525 millimeters, 
or 46 and 525 thousandths meters. 

In writing and reading metric numbers, according as the scale is 10, 100 or 
1 000, each denomination should be allowed one, two or three orders of figures. 

Metric Conversion Table 

The following metric conversion table has been compiled by C. W. Hunt, 
and is most convenient in dealing with metric weights and measures: 
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Millimeters X 0.03937 
Millimeters + 25.4 
Centimeters X 0.3937 
Centimeters + 2.54 
Meters X 39.37 
Meters X 3.281 
Meters X 1.094 
Kilometers X 0.621 
Kilometers -s- 1.6093 
Kilometers X 3280.7 
Square millimeters X 0.0155 
Square millimeters + 645.1 
Square centimeters X 0.155 
Square centimeters + 6.451 
Square meters X 10.764 
Square kilometers X 247.1 
Hectares X 2.471 
Cubic centimeters + 16.383 
Cubic centimeters + 3.69 
Cubic centimeters -4- 29.57 
Cubic meters X 35.315 
Cubic meters X 1.308 
Cubic meters X 264.2 
Liters X 61.022 
Liters X 33.84 
Liters X 0.2642 
Liters + 3 78 
Liters + 28.316 
Hectoliters X 3.531 
Hectoliters X 2.84 
Hectoliters X 0.131 
Hectoliters X 26.42 
Grams X 15.432 
Grams X 981 
Grams (water) + 29.57 
Grams + 28.35 

Grams per cubic centimeter +27.7 
Joule X 0.7373 
Kilograms X 2.2046 
Kilograms X 35.3 
Kilograms X 0.0011023 
Kilograms per sq cm X 14.223 
Kilogrammeters X 7.233 
Kilograms per meter X 0.672 
Kilograms per cubic meter x 0.062 
Kilograms per cheval-vapeur X 2.235 
Kilowatts X 1.34 
Watts + 746 
Watts X 0.7373 
Kilogram-calorie X 3.968 
Cheval-vapeur X 0.9863 
(Centigrade X 1.8) + 32 
Gravity, Paris 


- inches 

- inches 

- inches 
«* inches 

- inches. (Act of Congress) 

- feet 
■» yards 

- miles 
« miles 

- feet 

- square inches 

- square inches 
« square inches 

- square inches 
=> square feet 

*» acres 

- acres 

=* cubic inches 

« fluid drachms. (U. S. Pharmacopoeia) 

- fluid ounce. (U. S. Pharmacopoeia) 
*= cubic feet 

■* cubic yards 

- gallons (231 cubic inches) 

- cubic inches. (Act of Congress) 

-» fluid ounces. (U S. Pharmacopaia) 

- gallons (231 cubic inches) 

- gallons (231 cubic inches) 

«■ cubic feet 

- cubic feet 

- bushels (2 150 42 cubic inches) 

- cubic yards 

- gallons (231 cubic inches) 

- grains. (Act of Congress) 

™ dynes 

- fluid ounces 

- ounces avoirdupois 

- pounds per cubic inch 

- foot-pounds 

■ pounds 

■■ ounces avoirdupois 
=* tons (2 000 pounds) 

*■ pounds per square inch 

- foot-pounds 

- pounds per foot 

-» pounds per cubic foot 

- pounds per horse-power 
«* horse-power 

- horse power 

«• foot-pounds per second 

- British thermal units (B.T.U.) 

- horse-power 

■ degrees Fahrenheit 

- 980.94 centimeters per second 
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Metric Conversion Tables. This and the following table from Moles- 
worth’s Metrical Tables will be found of great convenience in figuring plans 
to be executed in countries using the metric system. 


Feet Converted into Meters 


Feet 

0 

1 

2 

3 

4 

0 


0 304794 

0.609589 

0 914383 

1 21918 

10 

3 047945 

3.35274 

3.65753 

3 96233 

4 26712 

20 

6 095890 

6.40068 

6.70548 

7 01027 

7 31507 

30 

9.143835 

9.44863 

9.75342 

10 0582 

10.3630 

40 

12.19178 

12.4966 

12.8014 

13.1062 

13.4110 

50 

15 23972 

15.5445 

15 8493 

16.1541 

16.4589 

60 

18 28767 

18 5925 

18 8973 

19 2020 

19 5068 

70 

21 33561 

21.6404 

21.9452 

22 2500 

22.5548 

80 

24 38356 

24.6884 

24.9931 

25.2979 

25.6027 

90 

27 43150 

27.7363 

28 0411 

28 3459 

28 6507 


Scripture and Ancient Measures and Weights 
Scripture Long Measures 
Inches Feet Inches 

Digit - 0.912 Cubit - 1 9.888 

Palm — 3.648 Fathom — 7 3.552 

Span - 10.944 

Egyptian Long Measures 

Nahud cubit - 1 foot 5.71 inches Royal cubit - 1 foot 8.66 inche9 

Grecian Long Measures 

Feet Inches Feet Inches 

Digit - 0.7554 Stadium - 604 4.5 

Pous (foot) - 1 0.0875 Mile - 4 835 

Cubit - 1 1.5984% 

Jewish Long Measures 

Cubit - 1.824 feet Mile - 7 296 feet 

Sabbath-day’s journey - 3 648 feet Day’s journey - 33.164 miles 

Roman Long Measures 

Inches Feet Inches 

Digit - 0.72575 Cubit - 1 5.406 

Unda (inch) — 0.967 Passus — 4 10.02 

Pes (foot) - 11.604 Mille (millarium) - 4 842 

Roman Weight 

Andent libbra - 0.7094 pound 
Miscellaneous 


Feet 


Feet 

Arabian foot -1.095 

Hebrew foot 

- 1.212 

Babylonian foot -1.140 

Hebrew cubit 

- 1.817 

Egyptian finger - 0.06145 

Hebrew sacred cubit 

- 2.002 
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Feet Converted into Meters (Continued) 



Example. 44 ft « 13.411 meters ■* 134.11 decimeters — 1 341.1 centimeters *■ 13 411 
millimeters. 

The above-mentioned work contains eighty pages of conversion tables similar to the 
above. 

Inches and Sixteenths Converted into Millimeters 



For meters, move the decimal point three figures forward. 

Example. inches •* 207.96 millimeters - 20.796 centimeters m 2.0796 deci¬ 

meters — 0.20796 meter. 
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Geometry and Mensuration [Part 1 

3. GEOMETRY AND MENSURATION 
Definitions 
A point is that which has only position. 

A plane is a surface in which, any two points being taken, the straight line 
joining them will be wholly in the surface. 

A curved line is a line of which no part is straight (Fig. 1). 



Fig. 2. Parallel Lines Fig. 3. Angles 


Parallel lines are such as are wholly in the same plane, and have the 
same direction (Fig. 2). 

A broken line is a line composed of a scries of dashes; thus,---. 

An angle is the opening between two lines meeting at a point, and is termed 
a right angle when the two lines are perpendicular to each other, an acute 
angle when it is less or sharper than a right angle, and an obtuse angle when 
it is greater than a right angle. Thus, in Fig. 3, 

A A A A are acute angles, 

oooo are obtuse angles and RRRR are right angles. 

Polygons 

A polygon is a portion of a plane bounded by straight lines. 

A triangle is a polygon of three sides. 

A scalene triangle has none of its sides equal; an isosceles triangle 
has two of its sides equal; an equilateral triangle has all three of its sides 
equal. 



Fig. 4. Right-angled Triangle Fig. 5. Scalene Triangle 



Fig. 6. Isosceles Triangle Fig. 7. Equilateral Triangle 

A right-angled triangle is one which has a right angle. The side 
opposite the right angle is called the hypothenuse; the side on which the 
triangle is supposed to stand is called its base and the other side, its altitude. 
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A quadrilateral is a polygon of four sides. 

Quadrilaterals are divided into classes, as follows: the trapezium (Fig. 8), 
which has no two of its sides parallel; the trapezoid (Fig. 9), which has two of 
its sides parallel; and the parallelogram (Big. 10), which is bounded by two 
pairs of parallel sides. 



Fig. 8. Trapezium 


EE 

Fig. 9. Trapezoid Fig. 10. Parallelogram 


A parallelogram whose sides are not equal and whose angles are not right 
angles is called a rhomboid (Fig. 11); when the sides are all equal, but the 
angles are not right angles, it is called a rhombus (Fig. 12), and when the 
angles are right angles, it is called a rectangle (Fig. 13). A rectangle, all of 
whose sides are equal, is called a square (Big. 14). Polygons, all of whose 
sides are equal, are called regular polygons. 


EJ 

Fig 11. Fig. 12. 

Rhomboid Rhombus 



Fig 13 
Rectangle 


Fig. 14. 
Square 


Besides the square and equilateral triangles, there are: the pentagon 
(Fig. 15), which has five sides; the hexagon (Fig. 16), which has six sides; 
the heptagon (Fig, 17), which has seven sides; and the octagon (Fig. 18), 
which has eight sides. 



Fig. 15. 
Pentagon 





Fig. 18. 
Octagon 


The enneagon or nonagon has nine sides; the decagon has ten sides; 
and the dodecagon has twelve sides. 

For all polygons, the side upon which it is supposed to stand is called its 
base; the perpendicular distance from the highest side or angle to the base 
(prolonged, if necessary) is called the altitude; and a line joining any two 
angles not adjacent is called a diagonal. 

A perimeter is the bounding line of a plane figure. 

A circle is a portion of a plane bounded by a curve, all the points of which 
are equidistant from a point within, called the center (Fig. 19). 

The circumference is the curve which bounds the circle. 

A radius is any straight line drawn from the center to the circumference. 

Any straight line drawn through the center to the circumference on each 
side is called a diameier. 
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An arc of a circle is any part of its circumference. 

A chord is any straight line joining two 
points of the circumference, as bd, Fig. 19. 

A segment is a portion of the circle 
included between the arc and its chord, as 
A, Fig. 19. 

A sector is the space included between 
an arc and two radii drawn to its extremi¬ 
ties, as B, Fig. 19. In the figure, ab is a 
radius, cd a diameter and db a chord sub¬ 
tending the arc bed. A tangent is a right 
line which in passing a curve touches with¬ 
out cutting it, as fg , Fig. 19. 

Volumes 

A prism is a volume whose ends are equal and parallel polygons and whose 
sides are parallelograms. 

A prism is triangular, rectangular, etc., according as its ends are tri¬ 
angles, RECTANGLES, etc. 

A cube is a rectangular prism all of whose sides are squares. 

A cylinder is a volume of uniform diameter, bounded by a curved surface 
and two equal and opposite parallel circles. 

A pyramid is a volume whose base is a polygon and whose sides are triangles 
meeting in a point called the vertex. A pyramid is triangular, quadrangular, 
etc., according as its base is a triangle, quadrilateral, etc. 

A cone is a volume whose base 
is a circle, from which the remain¬ 
ing surface tapers uniformly to a 
point or vertex (Fig. 20). 

A conic section is the plane 
figure made by a plane cutting a 
cone. 

An ellipse is the section of a 
cone cut by a plane passing 
obliquely through both sides, as 
at ab, Fig. 21. 

A parabola is a section of a 
cone cut by a plane parallel to its 
side, as at cd. 

A hyperbola is a section of a cone cut by a plane making a greater angle 
with the base than that made by the side of the cone, as at eh. 

In the ellipse, the transverse axis, or long diameter, is the longest line 
that can be drawn in it. The conjugate axis, or short diameter, is a line 
drawn through the center at right-angles to the long diameter. 

A frustum of a pyramid or cone is that which remains after cutting off 
the upper part of it by a plane parallel to the base. 

A sphere is a volume bounded by a curved surface, all points of which are 
equidistant from a point within, called the center. 

Mensuration treats of the measurement of lines, surfaces and volumes. 

Rules 

To compute the area of a square, a rectangle, a rhombus or a rhomboid. 

Rule. Multiply the length by the breadth or height. Thus, in Figs. 22, 
23 or 24, the area - ab X be. 
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Fig. 22. Square Fig. 23. Rectangle Fig 24. Parallelogram 


To compute the area of a triangle. 

Rule. Multiply the base by the altitude and divide by 2. Thus, in Fig. 25, 
ab X cd 

the area of abc - j —. 

To find the length of the hypothenuse of a right-angled triangle when both 
sides are known. 

Rule. Square the length of each of the sides making the right angle, add 
their squares together and take the square root of their sum. Thus (Fig. 26), 
the length of ac =* 3, and of be « 4; then 

ab - V3* + 4* - \/9~+~U> - V^5~ 

\/25 =» 5, or ab = 5 

To find the length of the base or altitude of a right-angled triangle when 
the length of the hypothenuse and one side is known. 

Rule. From the square of the length of the hypothenuse subtract the 
square of the length of the other side and take the square root of the remainder. 
To find the area of a trapezium (Fig. 27). 


c 



Fig. 25. _ Fig. 26 Fig. 27. 

Scalene Triangle Right-angled Triangle Trapezium 

Rule. Multiply the diagonal by the sum of the two perpendiculars falling 
upon it from the opposite angles and divide the product by 2. Thus, 

ab X (re + di) 

---art-a 

To find the area of a trapezoid (Fig. 28). 

Rule. Multiply the sum of the two parallel sides by the perpendicular dis¬ 
tance between them and divide the product by 2. 

To compute the area of an irregular polygon. 

Rule. Divide the polygon into triangles by means of diagonal lines and 
then add together the areas of all the triangles, as A, B and C (Fig. 29). 
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To find the area of a regular polygon. 

Rule. Multiply the length of a side by the perpendicular distance to the 
center (as ao> Fig 30) multiply that product by the number of sides and divide 
the result by 2 



To compute the area of a regular polygon when the length, only, of a side 
is given. 

Rule. Multiply the square of the side by the multiplier opposite the name 
of the polygon m column A of the following table 


Table of Factors for Determining the Elements of Polygons 


Name of polygon 

Number 
of sides 

A 

Factor for 
area 

B 

Factor for 
radius of 
circum¬ 
scribing 
circle 

C 

Factor for 
length of 
the sides 

D 

Factor for 
radius of 
inscribed 
circle 

Triangle 

3 

0 433013 

0 5773 

1 732 


Tetragon 

4 

1 

0 7071 

1 4142 


Pentagon 

5 

1 720477 

0 8506 

1 1756 

0 6882 

Hexagon 

6 

2 598076 

1 

1 

0 866 

Heptagon 

7 

3 633912 

1 1524 

0 8677 

1 0?83 

Octagon 

8 

4 828427 

1 3066 

0 7653 

1 2071 

IS on agon 

9 

6 181824 

1 4619 

0 684 

1 3737 

Decagon 

10 

7 694209 

1 618 

0 618 

1 5383 

Undecagon 

11 

9 36564 

1 * T 747 

0 56 34 

i ■tfiw 1 >£\ 

Dodec agon 

12 

11 196152 

1 9319 

0 5176 

1 866 


To compute the radius of a circle circumscribed about a regular polygon 
when the length, only, of a side is given. 

Rule. Multiply the length of a side of the polygon by the number m col¬ 
umn B of table 

Example. What is the radius of a circle that will contain a hexagon, the 
length of one side being 5 in? 

Solution. 5 X 1 - 5 m 

To compute the length of a side of a regular polygon inscribed m a given 
circle, when the radius of the circle is given. 

Rule. Multiply the radius of the circle by the number opposite the name 
of the polygon m column C of table 

Example. What is the length of the side of a pentagon contained m a circle 
8 ft in diameter? 

Solution. 8 ft diameter -h 2 — 4 ft radius,* 4 x 1 1756 — 4 7024 ft 













Mensuration of Circles 


41 


To compute the length of a side of a regular polygon, when the radius of the 
inscribed circle is given. 

Rule. Divide the radius of the inscribed circle by the number opposite the 
name of the polygon in column D of table. 

To compute the radius of a circle that can be inscribed in a given regular 
polygon, when the length of a side is given. 

Rule. Multiply the length of a side of the polygon by the number opposite 
the name of the polygon in column D. 

Example. What is the radius of the circle that can be inscribed in an 
octagon, the length of one side being 6 in? 

Solution. 6 X 1.2071 =*> 7.2426 in. 


Circles 


To compute the circumference of a circle. 

Rule. Multiply the diameter by 3.1416. For many purposes, the multi¬ 
plier 3^7 gives sufficiently accurate results. 

Example. What is the circumference of a circle 7 in in diameter? 

Solution. 7 X 3.1416 — 21.9912 in, or 7 X — 22 in, the error in 

this last result being 0.0088 in. 


To find the diameter of a circle when the circumference is given. 


Rule. Divide the circumference by 3.1416, or for a very close approximate 
result, multiply by 7 and divide by 22. 

To find the radius of an arc when the chord and rise or versed sine are given. 


Rule. Square one-half the ciiord and the rise; 
divide the sum of these squares by twice the rise; the 
result will be the radius. 

Example. Thelengthof the chord or, Fig. 31, is 48 in, 
and the rise, bo , is 6 in. What is the radius of the arc? 

oc 2 + bo 2 24 2 + 6 2 

Solution. Radius — ——- - -—-- 51 in 

2 bo 12 



Fig- 31. Circular Arc, 
Chord and Rise 


To find the rise or versed sine of a circular arc, when the chord and radius 
are given. 

Rule. Square the radius; also square one-half the chord; subtract the 
latter from the former and take the square root of the remainder. Subtract 
the result from the radius and the remainder will be the rise. 

Example. A given arc has a radius of 51 in and a chord of 48 in. What is 
the rise? _ 

Solution. Rise - radius — \/iradius 2 — chord* - 51 — \^2 601 — 576 
- 51 — 45 - 6 in — rise 


To compute the area of a circle 

Rule. Multiply the square of the diameter by 0.7854, or multiply the 
tquare of the radius of 3.1416. 

Example. What is the area of a circle 10 in in diameter? 

Solution. 10X 10 X 0.7854 - 78.54 sq in, or5 X 5 X 3.1416 - 78.54sqin. 

Tables of Areas and Circumferences of Circles 
The following tables will be found very convenient for finding the dreum- 
erences and areas of circles. 
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Area. 

Circum. 

0.007854 

0.31416 

0.031416 

0.62832 

0.070686 

0.9424S 

0.12566 

1.2566 

0.19635 

1.570S 

0.28274 

1.8S50 

0.38485 

2.1991 

0.50266 

2.5133 

0.63617 

2.8274 


uia. Area. 

5.0 

19.6350 

.1 

20.42S2 

.2 

21.2372 

.3 

22.0618 

.4 

22.9022 

.5 

23.7583 

.6 

24.6301 

.7 

25.5176 

.8 

26.4208 

.9 

27.3397 


Ofi.4761 
67.9291 
69.3978 


15.9043 

16.6190 

17.3494 

18.0956 

18.8574 


Dia. 

Area. 

Circum. 




10.0 

78.539S 

31.4159 

.1 

80.1185 

31.7301 

.2 

81.7128 

32 0442 

.3 

83.3229 

32.3584 

.4 

84.94S7 

32.6726 

.5 

86.5901 

32.9867 

.6 

88.2473 

33.3009 

.7 

89.9202 

33.6150 

.8 

91.6088 

33.9292 

.9 

93.3132 

34.2434 

11.0 

95.0332 

34.5575 

.1 

96.7689 

31.8717 

.2 

98.5203 

35.1858 

.3 

100.2875 

35.5000 

.4 

102.0703 

35.8142 

.5 

103.8689 

36.1283 

.6 

105.6832 

30.4425 

.7 

107.5132 

30 7566 

.8 

109 3588 

37.0708 

,9 

111.2202 

37.3850 

12.0 

113.0973 

37.6991 

.1 

114.9901 

38 0133 

.2 

116.8987 

38 3274 

.3 

118.8229 

38.6416 

.4 

120.7628 

38.9557 

.5 

122.7185 

39.2699 

.6 

121.6898 

39.5841 

.7 

126.0769 

39.8982 

.8 

128.6796 

40.2124 

.9 

130.»>981 

40 5265 

13.0 

132.7323 

40.8407 

.1 

134.7822 

41.1549 

.2 

136.8478 

41 4690 

.3 

138.9291 

41.7832 

.4 

141.0201 

42.0973 

.5 

143.1388 

42.4115 

.6 

145.2672 

42.7257 

.7 

147.4114 

43 0398 

.8 

119 5712 

43.3540 


151.7468 

43.0681 

14.0 

153.9380 

43.9823 

.1 

15R.H50 

41.2965 

.2 

158.3677 

44 0106 

.3 

160.6061 

44.9248 

.4 

162.8602 

45.2389 

.5 

105.1300 

45.5531 

.61 

167.4155 

45.8673 

.7 

169.7167 

4o.l8l4 

.8 

172.0330 

i 40.4956 

.9 

174.3662 

i 46.8097 
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Areas and Circumferences of Circles (Continued) 

Advancing by tenths 


Dia. 


Circum 

Dia. 

Area 

Circum. 

Dia 

Area 

Circum. 

15.0 


47.1239 

20.0 

314.1593 

62.8319 

25.0 

490.8739 

78.5398 

.1 

179.0786 

47.4380 

.1 

317.3087 

63.1460 

.1 

494.8087 

78.8540 

.2 

181.4584 

47.7522 

.2 

320.4739 

63.1602 

.2 

498.7592 

79.1681 

.3 

183.8539 

48.0664 

.3 

323.6547 

63.7743 

.3 

502.7 255 

79.4823 

.4 

186.2050 

48.3805 

.4 

326.8513 

64.0885 

.4 

506.7075 

79.7965 

.5 

188.6919 

48.6947 

.5 

330.0636 

64.4026 

.5 

510.7052 

80.1106 

.6 

191.1345 

49.0088 

.6 

333.2916 

64.71G8 

.G 

514.7185 

80.4248 

.7 

193.5928 

49.3200 

.7 

336.5353 

65.0310 

.7 

518.7476 

80.7389 

.8 

196.0668 

49.6372 

.8 

339.7947 

65.3451 

.8 

522.7924 

81.0531 

.9 

198.5565 

49.9513 

.9 

343.0698 

65.6593 

.9 

526.8529 

81.3672 

16.0 

201.0619 

50.2655 

21.0 

340.3606 

65.9734 

26.0 

530.9292 

81.6814 

.1 

203.5831 

50.5796 

.1 

349.6671 

G6.2876 

.1 

535.0211 

81.9956 

.2 

206.1199 

50.8938 

.2 

352.9S94 

60.6018 

.2 

539.1287 

82.3097 

.3 

208.6724 

51.2080 

.3 

356.3273 

66.9159 

.3 

543.2521 

82.6239 

.4 

211.2407 

51.5221 

.4 

359.6809 

67.2301 

.4 

547.3911 

82.9380 

.5 

213.S246 

51.8363 

.5 

363.0503 

67.5442 

.5 

551.5459 

83.2522 

.6 

216.4243 

52.1504 

.6 

366.4354 

67.8584 

.6 

555.7163 

83.5664 

.7 

219.0397 

52.4646 

.7 

369.8361 

68.1726 

.7 

559.9025 

83.8805 

.3 

221.6708 

52.7788 

.8 

373.2526 

68.4S67 

.8 

564.1044 

84.1947 

.9 

224.3176 

53.0929 

.9 

370.6848 

69.8009 

.9 

568.3220 

84.5088 

tm 

226.9801 

53.4071 

22.0 

380.1327 

69.1150 

27.0 

572.5553 

84.8230 

.1 

229.6583 

53.7212 

.1 

383.5963 

69.4292 

.1 

576.8043 

85.1372 

.2 

232.3522 

54.0354 

.2 

387.0756 

09.7434 

.2 

581.0690 

85.4513 

.3 

235.0618 

54.3496 

.3 

390.5707 

70.0575 

.3 

585.3494 

85.7655 

.4 

237.7871 

54.6637 

.4 

394.0814 

70.3717 

.4 

589.6455 

86.0796 

.5 

240.5282 

54.9779 

.5 

397.6078 

70.68.58 

.5 

593.9574 

86.3938 

.6 

243.2849 

55.2920 

.6 

401.1500 

71.0000 

.6 

598.2849 

86.7080 

.7 

246.0574 

55.6062 

.7 

404.7078 

71.3142 ! 

.7 

602.6282 

87.0221 

.8 

248.8456 

55.9203 

.8 

408.2814 

71.6283 

.8 

600.9871 

87.3363 

.9 

251.6494 

56.2345 

.9 

411.8707 

71.9425 

.9 

611.3618 

87.6594 

18.0 

254.4690 

56.5486 

23.0 

415.4756 

72.2566 

28.0 

615.7522 

87.9646 

.1 

257.3043 

56.8628 

.1 

419.0963 

72.5708 

.1 

620.1582 

88.2788 

.2 

260 1553 

57.1770 

.2 

422.7327 

72.8849 

.2 

624.5800 

88.5929 

.3 

263.0220 

57.4911 

.3 

426.3848 

73,1991 

.3 

629.0175 

88.9071 

.4 

265.9044 

57.8053 

.4 

430.0526 

73.5133 

.4 

633.4707 

89.2212 

.5 

268.8025 

58.1195 

.5 

433.7361 

73.8274 

.5 

637.9397 

89.5354 

.6 

271.7164 

58.4336 

,6 

437.4354 

74.1416 

.6 

642.4243 

89.8495 

.7 

274.6459 

58,7478 

.7 

441.1503 

74.4557 

.7 

646.9246 

90.1637 

.8 

277.5911 

59,0619 

.8 

444.8809 

74.7699 

.8 

651.4407 

90.4779 

.9 

280.5521 

59.3761 

.9 

448.6273 

75,0841 

.9 

655.9724 

90.7920 

19.0 

283.5287 

59.6903 

24.0 

452.3893 

75.3982 

29.0 

660.5199 

91.1062 

.1 

286.5211 

60.0044 

.1 

456.1671 

75.7124 

.1 

665.0S30 

91.4203 

.2 

299.5292 

60.3186 

.2 

459.9606 

76.0265 

.2 

669.6019 

91.7345 

.3 

292.5530 

60.6327 

.3 

463.7698 

76.3407 

.3 

674.2565 

92.0487 

.4 

205.5925 

60.9469 

.4 

467.5947 

76.6549 

.4 

678.8668 

92.3628 

.5 

298.6477 j 

61.2611 

.5 

471.4352 

76.9690 

.5 

683.4928 

92.6770 

.6 

301.7186 ! 

61.5752 

.6 

475.2916 

77.2832 

.6 

688.1345 

92.9911 

.7 

304.8052 

61.8894 

.7 

479.1630 

77.5973 

.7 

692.7919 

93.3053 

.3 

307.9075 

62.2035 

.8 

483.0513 

77.9115 

.8! 

697.4650 

93.6195 

.9 

311.0255 

62.5177 

.9 

486.9547 

78.2257 

.9 

1 

702.1538 

93.9336 
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Areas and Circumferences of Circles (Continued) 

Advancing by tenths 


Area 


Circum. lDia. 


Area 


Circum. IDia. 


Area 
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Areas and Circumferences of Circles (Continued) 

Advancing by tenths 


Dm. 

Area. 

Circum. 

Dia. 

Area. 

Circum. 

Dia. 

Area. 

Circum. 

45 0 

1590.431a 

1*1.3717 

50.0 

1963.4954 

157.0796 

55.0 

2375.8294 

172.7876 

j 

1597.50/ < 

111.685s 

.1 

1971.35/2 

157.3938 

.1 

2384.4707 

173.1017 

J2 

l(>04.o999 

1*2.0000 

.2 

1979.2348 

157.7080 

.2 

2393.1390 

173.4159 

.3 

1011.707 7 

112.3142 

.3 

1987.12*0 

158.0221 

.3 

2461.81*0 

173.7301 

.4 

1618.8313 

142.6283 

.4 

1995.0370 

158.3363 

.4 

2410.5126 

174.0442 


1625.9705 

142.9425 

.5 

2002.9617 

158.6504 

.5 

2419.2227 

174.3584 

•Q 

1633.1255 

143.2566 

.6 

2010.9020 

158.9646 

.6 

2427.9485 

174.6720 


1640.2902 

113.5708 

.7 

2018.8581 

159.2787 

.7 

2436.6899 

174.98o7 

& 

1647.4826 

143.8849 

.8 

2026.8299 

159.5929 

.8 

2445.4471 

175.300V 

.9 

1054.6847 

144.1991 

.9 

2034.8174 

159.9071 

.9 

2454.2200 

175.6150 

46.0 

1661.9025 

144.5133 

51.0 

2042.8206 

160.2212 

56.0 

2463.0086 

175.9292 

i 

1669.1360 

144.8274 

.1 

2050.8395 

160.5354 

.1 

2471.8130 

176.2433 

.2 

1676.3853 

145.1416 

.2 

2058.8742 

160.8495 

.2 

2480.6330 

176.5575 

.3 

1683.6502 

145.4557 

.3 

2006.9245 

161.1637 

.3 

2489.4687 

176.8717 

.4 

1690.9308 

145.7699 

.4 

2074.9905 

161.4779 

.4 

2498.3201 

177.185* 

.6 

1698.2272 

146.0841 

.5 

2083.0723 

161.7920 

.5 

2507.1873 

177.5000 

.6 

1705.5392 

146.3982 

.6 

2091.1697 

162.1062 

.6 

2516.0701 

177.8141 

.7 

1712.8670 

146.7124 

.7 

2099.2829 

162.4203 

.7 

2524.9687 

178.1283 

.8 

1720 2105 

147.0265 

.8 

2107.4118 

162.7345 

.8 

2533.8830 

178.4425 

.9 

1727.5697 

147.3407 

.9 

2115.5563 

163.0487 

.9 

2542.8129 

178.7566 

47.0 

1734.9445 

147.6550 

52.0 

2123.7166 

163.3628 

57.0 

2551.7586 

179 0708 

.1 

1742.3351 

147.9690 

.1 

2131.8926 

163.6770 

.1 

2560.7200 

179.3849 

.2 

1749.7414 

148.2832 

.2 

2140.0843 

163.9911 

.2 

2569.6971 

179.6991 

.3 

1757.1635 

148.5973 

.3 

2148.2917 

164.3053 

.3 

2578.6899 

180.0133 

.4 

1764.6012 

148.9115 

.4 

2156.5149 

164.6195 

.4 

2587.6985 

180.3274 

5 

1772.0546 

149.2257 

.5 

2164.7537 

164.9336 

.5 

2596 7227 

180.6416 

.6 

1779 5237 

149.5398 

.6 

2173.0082 

165.2479 

.6 

2605.7626 

180.9557 

.7 

1787.0086 

149.8540 

.7 

2181.2785 

165.5619 

.7 

2614.8183 

181.2699 

.8 

1794.5091 

150 1681 

.8 

2189.5644 

165.8761 

.8 

2623.8896 

181.5841 

.9 

1S02.0254 

150.4823 

.9 

2197.8661 

166 1903 

.9 

2632.9767 

181.8982 

48 0 

1809.5574 

150.7964 

53.0 

2206.1834 

166.5044 

58.0 

2642.0794 

182.2124 

.1 

1817.1050 

151.1106 

.1 

2214.5165 

166.8186 

.1 

2651.1979 

182.5265 

.2 

1824.6684 

151.4248 

.2 

2222.8653 

107.1327 

.2 

2660.3321 

182.8407 

.3 

1832.2475 

151.7389 

.3 

2231.2298 

167.4469 

.3 


183.1549 

.4 

1839.8423 

152.0531 

.4 

2239.6100 

167.7610 

.4 


183.4690 

.5 

1847.4528 

152.3672 

.5 

2248.0059 

168.0752 

.5 


183.78'2 

.6 

1855.0790 

152.6814 

.6 

2256.4175 

168.3S94 

.6 

2697.0259 

184.0973 

.7 

1862.7210 

152.9956 

.7 

2264.8448 

168.7035 

.7 

2706.2380 

184.4115 

.8 

1870.3786 

153.3097 

.8 

2273.2879 

169.0177 

.8 

2715.4670 

184.7256 

.9 

1878.0519 

153.6239 

.9 

2281.7466 

169.3318 

.9 

2724.7112 

185.0398 

49.0 

1885.7409 

153.9380 

54.0 

2290.2210 

109.6460 

59.0 


185.3540 

.1 

1893.4457 

154.2522 

.1 

2298.7112 

169.9602 

.1 

wTt f’TTr t’ri 

185.66*1 

.2 

1901.1662 

154.5664 

.2 

2307.2171 

170.2743 

.2 


185.9823 

.3 

1908.9024 

154.8805 

.3 

2315.7386 

170.5885 

.3 

2761.8448 

186.2961 

.4 

1916.6543 

155.1947 

.4 

2324.2759 

170.9026 

.4 

2771.1675 

186.6106 

.5 

1924.4218 

155.5088 

.5 

2332.8289 

171.2168 

.5 

IBt***™ 

186.9248 

.6 

1932.2051 

155.8230 

.6 

2341.3976 

171.5310 

.6 

2789.8599 

187.2389 

.7 

1940.0042 

156.1372 

.7 

2349.9820 

171.8451 

.7 

2799.2297 

187.5531 

.8 

1947.8189 

156.4513 

.8 

2358.5821 

172.1593 

.8 


187.8672 

.9 

1956.6493 

156.7655 

.9 

2367.1979 

172.4735 

.9 


188.1814 
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[Part 1 


Areas and Circumferences of Circles (Continued) 

Advancing by tenths 
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Areas and Circumferences of Circles (Continued) 

Advancing by tenths 
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Geometry and Mensuration 


[Part 1 


Areas and Circumferences of Circles (Continued) 

Advancing by tenths 
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Areas of Circles 

Advancing by eighths 
Areas 


— 

Dia. 

0.0 

Of 

Of 

© 

EH 

© 

CBtW 

Of 

of 

0 

0.0 

0 0122 

■EEEcI 


0.1963 

0.3068 

0.4417 

0 6013 

1 

0.7854 


1.227 

1.484 

1.7C7 

2.073 

2.405 

2.761 

o 

3.1416 

3 546 

3.976 

4.430 

4.908 

5.411 

5.939 

6 491 

3 

7.008 

7.669 

mzmm l 

8.946 

9.621 

10.32 

■fMW 

11.79 

4 

12.56 

13.3C 

14.18 

HEI 

15.90 

1G.80 

17.72 

18.66 

5 

19.63 

20.62 

21.64 

22.69 

23.75 

24.85 

25.96 

27.10 

6 

23.27 

29.46 

30.67 

31.91 

33.18 

34.47 

35.78 

37.12 

7 

38.48 

39.87 

41.28 

42.71 

44.17 

45.66 

47.17 

48.70 

8 

50.2G 

51.84 

53.45 

55.08 

Klul 

58.42 

60.13 

61.86 

9 

C3.61 

65.39 

07.20 

69.02 


72.75 

74.66 

76.58 

10 

78.54 

80.51 

82.51 

84.54 

80.59 

88.66 

m 

92 .88 

11 

95.03 



101.6 

1 


106.1 

108.4 

110.7 

12 

113.0 

115.4 

117.8 


1 

2?.7 

125.1 

127.6 

130.1 

13 

132.7 

135.2 

137.8 


1 

43.1 

145.8 

148.4 

151.2 

14 

153.9 

156.6 

159.4 

mwwm 

1 

65.1 

167.9 

170.8 

173.7 

15 

176.7 

179.6 

182.6 

185.6 

1 

88.6 

191.7 

194.8 

197.9 

10 

201.0 

204.2 

207.3 


213.8 

217.0 


223.6 

17 

226.9 

230.3 

233.7 

237.1 

KZQIjfl 

243.9 

247.4 

250.9 

18 

254.4 


2G1.5 

265.1 

2G8.8 

272.4 

276.1 

279.8 

19 

283.5 

287.2 

291.0 

294.8 


302.4 


210.2 

20 

314.1 

318.1 

322.0 


3 

334.1 

338.1 

342.2 

21 

346.3 

350.4 

354.6 

358.8 


367.2 

371.5 

375.8 

22 

380.1 

384.4 

388.8 

393.2 

397.6 

402.0 

406.4 

410.9 

23 

4 15.4 

420.0 

424.5 

429.1 

433.7 

438.3 

■Mi 

447.6 

24 

452.3 

457 1 

461.8 

466.6 

471.4 

476.2 

481.1 

4S5.9 

25 

490.8 

495.7 

500.7 

505.7 

510.7 

515.7 


525.8 

20 

530.9 

536.0 

541.1 

546.3 

551.5 

656.7 


567.2 

27 

572.5 

577.8 

583.2 

6S8.5 

593.9 

599.3 

604.8 

610.2 

28 

615.7 

621.2 

626.7 

632.3 

637.9 

643.5 

649.1 

654.8 

29 

060.5 

6C6.2 

671.9 

677.7 

G83.4 

689.2 

695.1 

700.9 

30 

706.8 

712.7 

718.6 

724.6 


736.0 

742.6 

748.6 

31 

754.8 

7G0.9 

7G7.0 

773.1 


785.5 

791.7 

798.0 

32 

804.3 

810 6 

810.9 

823.2 

829.6 

836.0 

842.4 

848.8 

33 

855.3 

801.8 

80S.3 

674.9 

881.4 

888.0 

894.6 

901.3 

34 

907.9 

914.7 

921.3 

928.1 

934.8 

941.6 

948.4 

955.3 

35 

962.1 

909.0 

975.9 

9S2.8 


990.8 


1010.8 

30 

1017 9 

1025.0 

1032.1 

1039.2 

1046.3 

1053.5 

1060.7 

1068.0 

37 

1075.2 

1082.5 

1089 8 

1097.1 

1104.5 

1111.8 

1119.2 

UZG.7 

38 

1134.1 

1141 G 

1149.1 

1156.6 

mmsm 

1171.7 

1179.3 

1186.9 

39 

1194.8 

1202.3 

1210.0 

1217.7 

1225.4 

1233.2 

Irf ITvB 

1248.8 

40 

1256.6 

1264.5 

1272.4 

1280.3 

12S8.2 

1296.2 

h9 

1312.2 

41 

1320.3 

1328.3 

1336.4 

1344.5 

1352.7 

13G0.8 


1377.2 

42 

1385.4 

1393.7 

1402.0 

1410.3 

1418.6 

1427.0 

1435.4 

1443.8 

43 

1452.2 

1460.7 

1469.1 

1477.6 

1486.2 

1494.7 


1511.9 

44 

1520.5 

1529.2 

1537.9 

1546.6 

1555.3 

1564.0 

1572.8 

1581.6 

45 

1590.4 

1599.3 

1608.2 

1617.0 

1626.0 

1634.9 

1643.9 

1652.9 
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Areas and Circumferences of Circles 

From 1 to SO Feet 
Advancing by one inch 
















































62 Geometry and Mensuration [Part 1 

Areas and Circumferences of Circles (Continued) 


Diam., 
ft in 

Area, 
sq ft 

Circum., 
ft in 

Diam., 
ft in 

Area, 
sq ft 

Circum., 
ft in 

Diam., 
ft in 

Area, 
sq ft 

Circum., 
ft in 

13 0 

132 7326 

40 10 

18 0 

2.54 46'JG 

56 

6*6 

23 0 

415 4766 

72 

3 

1 

134.4391 

41 

m 

1 

256 83’3i 

i 56 

0)* 

1 

418 4915 

72 

6*6 

2 

130 1574 

41 

4H 

2 

259 2032 

57 

*6 

2 

421 5192 

72 

9*6 

3 

137.8807 

41 

7*6 

3 

261 5S72 

57 

4 

3 

424 5577 

73 

*6 

4 

139 620 

41 10*6 

4 

263 9807 

57 

7*6 

4 

427 6055 

73 

3)6 

5 

141.3771 

42 

m 

5 

266 3 SM 

! 57 10*4 

5 

430.6658 

73 

on 

6 

143.1391 

42 

4*6 

6 

268 8031 

58 

m 

6 

433 7371 

73 

9*6 

7 

144 9111 

42 

8 

7 

271 2292 

58 

4 *6 

7 

430 8175 

74 

1 

8 

140 6949 

42 1 1*6 

8 

273 6678 

58 

7*6 

8 

439 9106 

74 

4*6 

9 

148 4896 

43 

2*4 

9 

270.1171 

58 1044 

9 

443 0146 

74 

7*4 

10 

150.2943 

43 

5*6 

10 

278 5761 

59 

2 

10 

446 1278 

74 10*6 

11 

152.1109 

43 

m 

11 

281 0472 

59 

5*6 

11 

449.2536 

75 

1*6 

14 0 

153 9384 

43 1 m 

19 0 

283 5294 

59 

8*4 

24 0 

452 3904 

75 

4*4 

1 

155 7758 

44 

m 

1 

280 021 

59 im 

1 

455.5362 

75 

7*6 

2 

157.625 

44 

6 

2 

288 5249 

60 

2*6 

2 

458.0948 

75 11 

3 

159 4852 

44 

m 

3 

291 0397 

00 

5)6 

3 

461 8642 

70 

2*6 

4 

161.3553 

45 

*4 

4 

293 5641 

60 

844 

4 

465 0428 

76 

5*4 

5 

163 2373 

45 

3*6 

5 

236 1107 

00 11*4 

5 

468 2341 

76 

8*6 

s 6 

165 1303 

45 

6*6 

6 

298 6483 

61 

3*4 

6 

471.4363 

70 11*6 

7 

167 0331 

45 

m 

7 

301 2054 

61 

6*4 

7 

474 6476 

77 

2)4 

8 

168 9479 

46 

n 

8 

303 7747 

01 

9*4 

8 

477.8716 

77 

5*6 

9 

170.8735 

46 

4 

9 

306 355 

02 

*6 

9 

481.1065 

77 

9 

10 

172 8091 

46 

7 *6 

10 

308 9448 

62 

346 

10 

484 3.506 

78 

*-6 

11 

174.7565 

46 11*4 1 

11 

311.5469 

62 

044 

11 

487.6073 

78 

3*4 

15 0 

176.715 

47 

m 

20 0 

314 10 

62 

m 

25 0 

490 875 

78 

0*6 

1 

178 6S32 

47 

4*6 

1 

316 7824 

63 

m 

1 

494 1516 

78 

9*6 

2 

ISO 0634 

47 

7 *4 

2 

319.4173 

63 

4*4 

2 

497.4411 

79 

*4 

3 

182 6545 

47 10*6 

3 

322 063 

63 

746 

3 

500 7415 

79 

3*6 

4 

184.0555 

48 

2*6 

4 

324.7182 

63 11*6 

4 

504 051 

79 

7*6 

5 

186 6684 

48 

5 H 

5 

327 3S58 

64 

146 

5 

507 3732 

79 im 

6 

188.6923 

48 

8*4 

0 

330.0643 

64 

444 

6 

510 7063 

80 

1*4 

7 

190.726 

48 11*6 1 

7 

332 7522 

64 

7*6 

7 

514 0484 

80 

4*6 

8 

192.7710 

49 

2*6 

8 

335.4525 

64 11 

8 

517 4034 

80 

7*6 

9 

194 8282 

49 

5*4 

9 

338.1637 

05 

2*4 

9 

520 7692 

80 im 

10 

190.8946 

49 

m 

10 

310 8844 

65 

546 

10 

| 524 1441 

81 

1*6 

11 

198.973 

50 

0 

11 

343.0174 

65 

«>4 

11 

527 5318 

81 

5 

10 0 

201.0624 

50 

3 *6 

21 0 

346 3614 

65 11 H 

26 0 

530 9304 

81 

8*6 

1 

203 1015 

50 

6 1 4 

1 

349.1147 

66 

2n 

1 

534 3379 

81 11*4 

2 

205.2726 

50 

m 

2 

351 8804 

60 

546 

2 

537 7583 

82 

2*6 

3 

207.3946 

51 

*6 

3 

354.6571 

06 

9 

3 

511 1896 

82 

5*4 

4 

209.5264 

51 


4 

357.4432 

67 

*6 

4 

544 6299 

82 

8*6 

5 

211.6703 

51 

m 

5 

360 2417 

07 

346 

5 

548 083 

82 IVA 

6 

213.8251 

51 

10 

6 

363 0511 

67 

6*6 

6 

551.5471 

83 

3 

7 

215.9896 

52 

1*6 

7 

305.8098 

67 

946 

7 

555.0201 

83 

0*6 

8 

218 1602 

52 

4*4 

8 

368.7011 

68 

44 

8 

558 5059 

S3 

9*4 

9 

220 3537 

52 

m 

9 

371.5432 

68 

346 

9 

562 0027 

84 

*6 

10 

222.551 

52 10*6 

10 

374 3947 

68 

7 

10 

565 5084 

84 

3*6 

11 

224.7608 

53 

m 

11 

377.2587 

68 10*4 

11 

569.027 

84 

6*6 

17 0 

226.9806 

53 


22 0 

380.1330 

09 

146 

27 0 

572 5566 

84 

9*6 

1 

229 2105 

53 

8 

1 

383 0177 

69 

4*6 

1 

570 0949 

85 

1 

2 

231.4525 

53 11*6 

2 

385 9144 

69 

746 

2 

579 6403 

85 

4Yk 

3 

233.7055 

54 

2 H 

3 

J88.822 

09 ion 

3 

583 2085 

85 

8*6 

4 

235.9682 

54 

5% 

4 

391.7389 

70 

17,6 

4 

586.7796 

85 11*6 

5 

238.243 

54 

m 

5 

394 6683 

70 

5 

5 

590 3637 

80 

1*6 

6 

240.5287 

54 \m 

6 

397.6087 

70 

8*4 

6 

593 9587 

86 

4*6 

7 

242.8241 

55 

2*6 

7 

400.5583 

70 im 

7 

597.5625 

80 

7*6 

8 

245.1316 

55 

6 

8 

403 5204 

71 

2*6 

8 

601 1793 

80 

11 

9 

247.45 

55 

m 

9 

400 4935 

71 

546 

9 

004 807 

87 

2*6 

10 

249.7781 

50 

*4 

! io 

409 4759 

71 

844 

10 

608 4430 

87 

5*4 

11 

252.1184 

56 

3*6 

11 

412 4707 

71 IVA 

11 

612.0931 

87 

8*4 
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Geometry and Mensuration [Part 1 

Areas and Circumferences of Circles (Continued) 


Diam., 
ft in 

Area, 
sq ft 

Circum., 
ft in 

Diam., 
ft m 

Area, 
sq ft 


Diam., 
ft in 

Area, 
sq ft 

Circum., 
ft in 

43 0 

1452.205 

135 

1 

46 0 

1661 906 

Km 

m 

49 

0 

1885 745 

153 11V4 

1 

1457 836 

135 


1 

1667 931 

144 



1 

1892 172 

154 

24^ 

2 

1463 483 

135 

7M 

2 

1673 97 

145 

H 


2 

1898 504 

154 

5A 

3 


135 

10 K» 

3 


145 

Stt 


3 

1905 037 

154 

8 H 

4 


■Ell 

m 

4 


145 

m 


4 

■lt)l» iji 

154 1 m 

5 


136 

4*4 

5 

1692 148 

145 

m 


5 

_ mm 

155 

2H 

6 

1486 173 

136 

m 

6 

1698 231 

146 

1H 


6 

1924.426 

155 

6 

7 

■mil 

136 

ii 

7 

1704 321 

146 

M 


7 

mmmm 

155 

m 

8 

1497 582 

137 

2 H 

8 

1710 425 

146 

m 


8 

1937 316 

156 

H 

9 

mmmm 

137 

5H 

9 

1716 541 

146 

104* 


9 

1943 914 

156 

3A 

10 

1509 035 

137 

m 

10 

1722 663 

147 

m 


10 

1950 439 

156 

m 

11 

1514 779 

137 

i m 

11 

1728 801 

147 

4H 


11 

1956 969 

156 

m 

44 0 


138 

2H 


1734 947 

147 

744 

IES 

0 

1963 5 

157 

H 

1 

1526 297 

138 

m 

1 

1741 104 

147 

11 






2 

1532 074 

138 

9 

2 

1747 274 

148 

2 H 






3 

1537 862 

139 

H 

3 

1753 455 

148 

5M 






4 

1543 658 

139 

3 Vi 

4 


148 

8H 






5 

1549.478 

139 

m 

5 


148 

11 W 






6 

1555 288 

139 

m 

6 

1772 059 

149 

2H 






7 

1561.116 

140 

*4 

7 

1778 28 

149 

m 






8 

1566 959 

140 

m 

8 

1784 515 

149 

m 






9 

1572 812 

140 

7'A 

9 

1790 761 

150 

H 






10 

1578 673 

140 

IS 


1797 015 

■Mil 

3V4 






11 

1584.549 

141 

iu 

11 

1803 283 

150 

m 







1590.435 

141 

4 U 

48 0 

1809 562 

150 

m 







1596.329 

141 

7 A 

1 

1815 848 

151 

w 








141 

10'A 

2 

1822 149 

151 

344 







1608 155 

142 

m 

3 

1828 460 

151 

m 







1614 082 

142 

5 

4 

1834 779 

151 

10 H 






5 

1620 023 

142 

m 

5 

1841 173 

152 

m 






6 

1625.974 

142 

11 M 

6 

1847 457 

152 

m 







1631 933 

143 

2 A 

7 

1853 809 

152 

7\<> 







wmmm 

143 

5 l A 

8 

1860 175 

152 

10 H 







1643 891 

143 

8*4 

9 

1866 552 

153 

144 







1649.883 

143 

\1% 

10 


153 

4 7 A 








144 

i 

3 

11 

1879 335 

153 

m 

, i 







Circular Arcs 

To find, by the following table, the length of a circular arc when its chord and 
height, or versed sine is given. 

Rule. Divide the height by the chord; find in the column of heights the 
number equal to this quotient; take out the corresponding number from the 
column of lengths; and multiply this number by the given chord. 

Example. The chord of an arc is 80 and its versed sine is 30. What is the 
length of the arc? 

Solution. 30 + 80 * 0.375. The length of an arc for a height of 0.375 i% 
from table, 1.34063. 80 x 1.34063 - 107.2504 - length of arc. 
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Geometry and Mensuration 

Table of Circular Arcs (Continued) 


[Part 1 


l— 

Hts 

Lengths 

Hts 

Length* 

Hts 

length* 

Hts 

Lengths 

Hts 

Lengths 

.30ft 

1.23349 

.345 

i.2m> 

.384 

1.35573 

.423 

1.42+0/ 

.462 

1.49651 

.307 

1.23402 

.340 

1.29306 

.365 

1.33741 

.424 

1.4Jm>3 

.403 

1.49842 

.308 

1.23036 

.347 

1.29523 

.389 

1.35914 

.425 

1.42704 

.404 

1.50033 

.300 

1.23781 

.348 

1.29081 

.387 

1.30084 

.426 

1.42945 

.405 

1.50224 

.310 

1.23926 

.349 

1.29839 

.388 

1.30254 

.427 

1.43127 

.466 

1.50416 

.311 

1.24070 

.350 

1.29997 

.389 

1.30425 

.428 

1.43309 

.167 

1.50608 

.312 

1.24210 

.351 

1.30156 

.390 

1.36596 

.129 

1.13491 

.468 

1.50800 

.313 

1.24361 

.35? 

1.30315 

.391 

1.36707 

.430 

1.43673 

.469 

1.50992 

.314 

1.24507 

.353 

1.30474 

.392 

1.30939 

.431 

1.43856 

.470 

1.51185 

.315 

1.24654 

.354 

1.30031 

.393 

1.37111 

.432 

1.44039 

.471 

1.51378 

.316 

1.24801 

.355 

1.30794 

.394 

1.37283 

.433 

1.44222 

,472 

1.51571 

.317 

1.24948 

.350 

1.30951 

.395 

1.37455 

.434 

1.44405 

.473 

1.51764 

.318 

1.25095 

.357 

1.31115 

.396 

1.37G23 

.435 

1.44589 

.474 

1.51968 

.319 

1.25243 

.358 

1.31276 

.397 

1 37801 

.436 

1.44773 

.475 

1.52152 

.320 

1.25391 

.359 

1.31437 

.398 

1.37974 

.437 

1.44957 

.476 

1.52346 

.321 

1.25540 

.300 

1.31599 

.399 

1.38148 

.438 

1.45142 

.477 

1.52541 

.322 

1.25689 

.301 

1.31701 

.400 

1.38322 

.439 

1.45327 

.478 

1.52736 

.323 

1.25838 

.362 

1.31923 

.401 

1.38496 

.440 

1.15512 

.479 

1.52931 

.324 

1.2598S 

.363 

1.22086 

.402 

1.38671 

.441 

1.45697 

.480 

1.53126 

.325 

1.26138 

.364 

1.32249 

.403 

1.38846 

.442 

1.45333 

,481 

1.53322 

.326 

1.26288 

.305 

1.32413 

.404 

1.39021 

.443 

1.46069 

.482 

1.53518 

.327 

1.26437 

.366 

1.32577 

.405 

1.39196 

.444 

1.46255 

.483 

1.53714 

.328 

1.26588 

.307 

1.32741 

.406 

1.39372 

.445 

1.46441 

.484 

1.53910 

.329 

1.26740 

.308 

1.32905 

.407 

1.39548 

.446 

1.46628 

.485 

1.51106 

.330 

1.26892 

.309 

1.33069 

.408 

1.39724 

.447 

1.46815 

.186 

1.51302 

.331 

1.27044 

.370 

1.33234 

.409 

1.39900 

.448 

1.47002 

.487 

1.54499 

.332 

1.27196 

.371 

1.33399 

.410 

1.40077 

.449 

1.47189 

.483 

1.51696 

.333 

1.27349 

.372 

1.33564 

.411 

1.40254 

.450 

1.4737/ 

| .489 

1.54893 

.334 

1.27502 

.373 

1.33730 

.412 

1.40432 

.451 

1.47565 

.190 

1.55091 

.335 

1.27656 

.374 

1.33896 

.413 

1.40010 

.452 

1.47753 

.491 

1.55289 

.336 

1.27810 

.375 

1.34063 

.414 

1.40788 

.453 

1.47942 

.492 

1 55487 

.337 

1.27964 

.376 

1.34229 

.415 

1.40966 

.454 

1.48131 

.493 

1 55685 

.338 

1.28118 

.377 

1.34396 

.416 

1.41145 

.455 

1.48320 

.494 

1.55884 

.339 

1.28273 

.378 

1.34563 

.417 

1.41324 

.456 

1.43509 

.495 

1.56083 

.310 

1.28428 

j .379 

1.34731 

.418 

1.41503 

.457 

1.48699 

.496 

1.56282 

.341 

1.28583 

.380 

1.31899 

.419 

1.41682 

.453 

1.48889 

.497 

1.56481 

.342 

1.28739 

.381 

1.35008 

.420 

1.41861 

.459 

1.49079 

.498 

1.56681 

.343 

1.28895 

! .382 

1.35237 

.421 

1.42041 

.460 

1.49299 

.499 

1 56881 

.344 

1.29052 

; .383 

1.35406 

.422 

1.42221 

.461 

1.49400 

.500 

1.57080 


Table of Lengths of Circular Axes whose Radius is 1 

Rule. Knowing the measure of the circle and the measure of the arc in 
degrees, minutes and seconds; take from the table the lengths opposite the 
number of degrees, minutes and seconds in the arc, and multiply their sum by 
the radius of the circle. 

Example. What is the length of an arc subtending an angle of 13° 27' 8" 
with a radius of 8 ft? 

Solution. Length for 13° « 0.2268928 
27' - 0.0078540 
8" - 0.0000388 
13° 2 V 8"« 0.2347856 
8 


Length of arc « 1.8782848 ft 
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Lengths of Circular Arcs. Radius = 1 


Pec 

Length 

Min 

Length. 

Leg 

length 

Deg 

Length 

1 

0.0000048 

1 

0.0002909 

1 

0.0174533 

61 

1.0646508 

2 

0.0000097 

2 

0.0005818 

o 

0 0349000 

62 

1.0821011 

3 

0.0000115 

3 

0.000S727 

3 

0.0523599 

63 

1.0095574 

4 

0.0000194 

4 

0.0011630 

4 

0.069S132 

64 

1.1170107 

5 

0.0000242 

5 

0.0014544 

5 

0 0872605 

65 

1.1314640 

6 

0.0000291 

6 

0.0017453 

6 

0.1047198 

66 

1.1519173 

7 

0.0000339 

7 

0.0020302 

7 

0.1221730 

67 

1.1693706 

8 

0 00003SS 

8 

0.0023271 

8 

0.1396263 

68 

1.1868239 

9 

0.0000436 

9 

0.0026180 

9 

0 1570796 

69 

1.2042772 

10 

0.0000485 

10 

0.0029089 

10 

0.1745329 

Ha 

1.2217305 

11 

0.0000533 

11 

0.0031998 

11 

0.1919862 

71 

1.2391838 

12 

0.0000582 

12 

0.0034907 

12 

0.2094395 

72 

1.2.566371 

13 

0.0000030 

13 

0 0037815 

13 

0.2268928 

73 

1.2740904 

14 

0.0000079 

14 

0 0040724 

14 

0.2443461 

74 

1.2915436 

15 

0,0000727 

15 

0.0013633 

15 

0.2617994 

75 

1.30899G9 

16 

0.0000776 

16 

0.0046542 

16 

0.2792527 

76 

1.3264502 

17 

0.0000824 

17 

0.0049-151 

17 

0 29G7060 

77 

1.3439035 

IS 

0.0000873 

IS 

0 0052300 

IS 

0 3141593 

78 

1.3613568 

19 

0 0000921 

19 

0 0055269 

19 

0 3310126 

79 

1.3788101 

20 

0.0000970 

20 

0 0058178 

20 

0.3490659 

80 

1.3962634 

21 

0.000101S 

21 

0 0061087 

21 

0.3C65191 

81 

1.4137167 

22 

0.0001067 

22 

0 0063995 

22 

0 3839724 

82 

1.4311700 

23 

0.0001115 

23 

0.0006904 

23 

0.4014257 

83 

1.448G233 

24 

0.0001164 

24 

0 0069813 

24 

0 418S790 

84 

1.4660766 

25 

0.0001212 

25 

0.0072722 

25 

0.*363323 

85 

1.4835299 

26 

0.0001261 

20 

0 0075031 

26 

0.4537856 

86 

1.5009832 

27 

0 0001309 

27 

0 0078540 

27 

0.47123S9 

87 

1.5184364 

2S 

0.0001357 

28 

0.0081449 

2S 

0 4886922 

88 

1.535S897 

29 

0 0001406 

29 

0.008435S 

29 

0.5061455 

89 

1.5533430 

30 

0.0001454 

30 

0.0087260 

30 

0.62359S8 

90 

1.5707963 

31 

0.0001503 

31 

0 0090175 

31 

0 5410521 

91 

1 5882490 

32 

0.0001551 

32 

0 0003084 

32 

0 5585054 


1.6057029 

33 

0.0001600 

33 

0 0095993 

23 

0 5759587 

93 

1.6231562 

34 

0.0001648 

34 

0 0098902 

34 

0.5934110 

94 

1.6406095 

35 

0.0001697 

35 

0.0101811 

35 

0.0108652 

95 

1.6580628 

36 

0.0001745 

36 

0.0101720 

36 

0.6283185 

96 

1.6755161 

37 

0.0001794 

37 

0.0107629 

37 

0.6457718 

97 

1.6929694 

38 

0.0001842 

38 

0.0110538 

as 

0.6632251 

98 

1.7104227 

39 

0 0001891 

39 

0.0113446 

39 

0.6806784 

99 

1.7278760 

40 

0.0001939 

40 

0.0116355 

40 

0.6981317 

100 

1.7453293 

41 

0 0001988 

41 

0.0119264 

41 

0.7155850 

101 

1.7627825 

42 

0.0002036 

42 

0 0122173 

42 

0.7330383 

102 

1.7802358 

43 

0.0002085 

43 

0.0125082 

43 

0.7504916 

103 

1.7976891 

44 

0.0002133 

44 

0.0127991 

44 

0.7079449 1 

104 

1.S151424 

45 

0.0002182 

45 

0.0130900 

45 

0.7853982 

105 

1 8325957 

46 

0.0002230 

46 

0.0133809 

46 

0.8028515 

106 

1.8500490 

17 

0 0002279 

47 

0.0136717 

47 

0,8203047 

107 

1.8675023 

48 

0.0002327 

48 

0.0139626 

48 

0.8377580 

108 

1.8849550 

49 

0.0002376 

49 

0.0142535 

49 

0.8552113 

109 

1.9024080 

60 

0.0002124 

50 

0.0145444 

50 

0.8726643 

no 

1.9198622 

51 

0.0002473 

51 

0.0148353 

51 

0.8901179 

111 

1.9373155 

52 

0.0002521 

52 

0.0151262 

52 

0.9075712 

112 

1.95476S8 

63 

0.0002570 

53 

0.0154171 

53 

0.9250245 

113 

1.9722221 

54 

0.0002618 

54 

0.0157080 

54 

0.9424778 

114 

1.9896753 

55 

0.0002660 

55 

0.0159989 

55 

0.9599311 

115 

2.0071286 

56 

0.0002715 

56 

0.0162897 

56 

0.9773844 

116 

2.0245819 

57 

0.0002763 

57 

0.0165806 

57 

0.9948377 

117 

2.0420352 

58 

0.0002812 

58 

0.0168715 

58 

1.0122910 

118 

2.0594885 

59 

0.0002860 

59 

0.0171624 

59 

1.0297443 

119 

2.0769418 

60 

0.0002909 

60 

0.0174533 

60 

1.0471976 

120 

2.0943961 
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To compute the cord of an arc when the chord of half the arc and the versed 
sine are given. 


b 



Fig. 32. Circular Arc, 
Chord and Rise 


(The versed sine is the perpendicular bo t Fig. 32.) 

Rule. From the square of the chord of half the arc 
subtract the square of the versed sine, and take twice 
the square root of the remainder. 

Example. The chord of half the arc is 60, and the 
versed sine 36. What is the length of the chord of the 
arc? 


Solution. 602 _ 352 - 2 304; y /2 304 => 4S; and 48 X 2 — 96, the chord. 


To compute the chord of an arc when the diameter and versed sine are given. 
Multiply the versed sine by 2 and subtract the product from the diameter; 
then subtract the square of the remainder from the square of the diameter and 
take the square root of that remainder. 

Example. The diameter of a circle is 100 and the versed sine of an arc 36. 

What is the chord of the arc? _ 

Solution. 36 X 2 - 72; 100 - 72 - 28; 100* - 28* - 9 216; V9 216. 

«= 96, the chord of the arc. 


To compute the chord of half an arc when the chord of the arc and the 
versed sine are given. 

Rule. Take the square root of the sum of the squares of the versed sine and 
of half the chord of the arc. 


Example. The chord of an arc is 96 and the versed sine 36. What is the 
chord of half the arc? 

Solution, a/ 362 -f 482 » 60. 

To compute the chord of half an arc when the diameter and versed sine are 
given. 

Rule. Multiply the diameter by the versed sine and take the square root 
of their product. 

To compute a diameter. 

Rule 1 . Divide the square of the chord of half the arc by the versed sine. 

Rule 2 . Add the square of half the chord of the arc to the square of the 
versed sine and divide this sum by the versed sine. 

Example. What is the radius of an arc whose chord is 96 and whose 
versed sine is 36? 

Solution. 48 2 -f- 36 2 — 3 600; 3 600 -s- 36 « 100, the diameter; and the 
radius - 50. 

To compute the versed 6 ine. 

Rule. Divide the square of the chord of half the arc by the diameter. 

To compute the versed sine when the chord of the arc and the diameter are 
given. 

Rule. From the square of the diameter subtract the square of the chord 
and extract the square root of the remainder; subtract this root from the 
diameter and halve the remainder. 


To compute the length of an arc of a circle when the number of degrees and 
the radius are given. 

Rule 1 . Multiply the number of degrees in the arc by 3.1416 multiplied by 
the radius and divide by 180. The result will be the length of the arc in the 
«ame unit as the radius. 
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Rule 2. Multiply the radius of the circle by 0.01745 and the product by the 
degrees in the arc. 

Example. The number of degrees in an arc is 60 and the radius is 10 in. 
What is the length of the arc in inches? 

Solution. 10 X 3.1416 X 60 - 1884.96; and 1884.96 180 - 10.47 in 

Or, 10 X 0.01745 X 60 - 10.47 in. 

To compute the length of the arc of a circle when the length is given in 
degress, minutes and seconds. 

Rule. (1) Multiply the number of degrees by 0.01745329 and the product 
by the radius. (2) Multiply the number of minutes by 0.00029 and that 
product by the radius. (3) Multiply the number of seconds by 0.0000048 
times the radius. (4) Add together these three results for the length of the 
arc. (See also, table, page 57.) 

Example. What is the length of an arc of 60° 10' 5", the radius being 4 ft? 

Solution. (1) 60° X 0.01745329 X 4 - 4.188789 ft 

(2) 10' X 0.00029 X 4 » 0.0116 ft 

(3) 5" X 0.0000048 X 4 - 0 000096 ft 

(4) The length of the arc « 4.200485 ft 

To compute the area of a sector of a circle when the degrees of the arc and 
the radius are given (Fig. 33). 

(The degrees of the arc are the same as the angle aob.) 

Rule. Multiply the number of degrees in the arc by 
the area of the whole circle and divide by 360. 

Example. What is the area of a sector of a circle 
whose radius is 5 and length of arc 60°? 

Solution. Area of circle *- 10 X 10 X 0.7854 - 78.54 

Hence, area of sector - -—-- =■ 13.09 

3oU 

Note. If the length of the arc is given in degrees and 
minutes, reduce it to minutes, multiply by the area of the whole circle and 
divide by 21 600. 

To compute the area of a sector of a circle when the length of the arc and 
radius are given. 

Rule. Multiply the length of the arc by half the length of the radius. The 
product is the area. 

To compute the area of a segment of a circle when the chord and versed 
sine of the arc and the radius or diameter of the circle are given. 

(The versed sine is the distance cd, Fig. 33.) 

Rule 1. When the segment is less than a semicircle. (1) Find the area of 
the sector having the same arc as the segment. (2) Find the area of a tri¬ 
angle formed by the chord of the segment and the radii of the sector. (3) Take 
the difference of these areas. 

Rule 2. When the segment is greater than a semicircle. Find, by the pre¬ 
ceding rule, the area of the lesser portion of the circle and subtract it from the 
area of the whole circle. The remainder will be the area. 

To compute the area of the surface of a sphere. 

Rule. Multiply the diameter by the circumference. The product will be 
the area of the surface. 



Fig. 33. Sector of 
Circle 
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Example. What is the area of the surface of a sphere 10 in in diameter? 
Solution. Circumference of sphere =» 10x3.1416 — 31.416 in; 10 X 31.416 
— 314.16 sq in, the area of surface of sphere. 

To compute the total area of the surface of a segment of a sphere. 

Rule. Multiply the height (be, Fig. 34) by the circumference of the sphere 
and add the product to 
the area of the base. 

To find the area of the /' \ 

base, having the diameter / r \ 

I <5 of the sphere and the iBIflJJJJT] [ \ \ \ V'Mft 

j ] length of the versed sine a ||(({{tt(— 

l J of the arc abd, find the l\\\V\u\ V S / UJJIllm 

\ J length of the chord ad by \ d t 

V / the rule on page 58. Hav- \ / 

ing, then, the length of the ^ 

^ chord ad for the diameter F 35 

Fig. 34 of the base, find the area „ ’ c , 

Segment of Sphere. q £ ^ ^ ase Zone of Sphere 

Example. The height, be, of a segment abd , is 36 in, and the diameter of the 
sphere is 100 in (Fig. 34). What is the area of the convex surface and the area 
of the whole surface? 

Solution. 100 X 3.1416 ** 314.16 in, the circumference of sphere 

36 X 314.16 =* 11309.76 sq in, the area of the convex surface 

10 0 - (36 X 2 ) =■ 28 

V1002 - 282 = 96, the chord ad 

962 x 0 7854 = 7238 2464 sq in, the area of the base 

11309.76 + 7238 2464 = 18548.0064 sq in, the total area 

To compute the total area of the surface of a spherical zone. 

Rule. Multiply the height, cd (Fig. 35), by the circumference of the sphere 
for the convex surface and add to it the area of the two ends for the total area. 


Fig. 35 

Zone of Sphere 


Spheroids, or Ellipsoids of Revolution 

Definition. Spheroids, or ellipsoids, are figures generated by the revolution 
of a semiellipse about one of its diameters. 

When the revolution is about the long diameter, they are prolate; and 
when it is about the short diameter, they are oblate. 

A prolate spheroid is approximately cigar-shaped and an oblate 
spheroid is, in form, somewhat like a watch. 

To compute the area of the surface of a spheroid. 

Let a - ]/2 the long axis; let b - the short axis; 
t fl2 _ f)i j a i - ~b* 

et or e “ \ ^ 

Then, the area of the surface of the oblate spheroid 

. ir£> 2 /l 4- e\ 

- 2«* + — log(—) 

and the area of the surface of the prolate spheroid 
- 2 nbi + 2 

e 
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In the first formula, natural logarithms must be used. The natural loga¬ 
rithm may be obtained by multiplying the common logarithm by 2.302. The 
value of the expression sin -1 *? may be determined by finding the angle whose 
natural sine is equal to e and dividing this angle by 
57.3. 

Note. Although the above formulas are compli¬ 
cated, no simpler rules that give correct results can be 
given. 

To compute the area of the surface of a cylinder. 

Rule. Multiply the length of the cylinder by the 
circumference of one of the ends and add to the 
product the areas of the two ends. 

To compute the area of a circular ring (Fig. 36). 

Rule. Find the area of both circles and subtract the area of the smaller 
from the area of the larger; the remainder will be the area of the ring. 

To compute the area of the surface of a cone. 

Rule. Multiply the circumference of the base by one-half the slant-height 
or side of the cone, for the convex area. Add to this the area of the base, for 
the whole area. 

Example. The diameter of the base of a cone is 3 in and the slant-height 
15 in. What is the area of the surface of the cone* 

Solution. 3x3.1416 =» 9 4248 « circumference of base 

9 4248 X 1]/2 = 70 686 sq in = area of convex surface 

3 X 3 X 0.7854 ■= 7 068 sq in « area of base 

Area of entire surface of cone = 77.754 sq in 

To compute the area of the surface of the frustum of a cone (Fig. 37). 

Rule. Multiply the sum of the circumferences of 
the two ends by the slant-height of the frustum and 
divide by 2, for the area of the convex surface. Add 
the areas of the two ends. 

To compute the area of the surface of a pyramid. 
Rule. Multiply the perimeter of the base by one- 
half the slant-height and add to the product the area 
of the base. 

To compute the area of the surface of the frustum 
of a pyramid. 

Rule. Multiply the sum of the perimeters of the 
two ends by the slant-height of the frustum, halve the 
product, and add to the result the areas of the two 
Fig. 37. Frustum of Cone ends. 

Mensuration of Solids 

To compute the volume of a prism. (For definition of a prism see under 
Volumes, Article 3, Part I.) 

Rule. Multiply the area of the base or end by the altitude or perpendicular 
height. 

This rule applies to prisms with bases or ends of any shape, as long as these 
bases or ends are parallel. 
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To compute the volume of a prismoid. 

Definition. A prismoid is a solid with parallel but unequal ends or bases 
and with quadrilateral sides. 

Rule. To the sum of the areas of the two ends or bases add four times the 
area of the middle section parallel to them, and multiply this sum by one-sixth 
of the altitude or perpendicular height. 



Example. What is the volume of a quadrangular prismoid, as Fig. 38, in 
which ab ** 6 in, cd — 4 in, ac — he — 10 in, ce = 8 in, ef — 8 in and — 
6 in? 

6+4 

Solution. Area of top — —-— X 10 - 50 sq m 

8 + 6 

Area of bottom « —-— X 10 — 70 sq in 

6+6 

Area of middle section — —-— X 10 — 60 sq in 

ISO + 70 + (4 X 60)] X % - 480 cu in 

Note. The length of the end of the 
middle section (as at mn, in Fig. 38) — 
cd + ef 
2 

To find the volume of a prism truncated 
obliquely. 

Rule. Multiply the area of the base by 
the average height of the edges. 

Example. What is the volume of. a 
truncated prism (Fig. 39) in which ef - 6 
in, fh - 10 in, ea = 10 in, ci - 12 in, 
dh - 10 in and /& - 8 in? 

Solution. Area of base — 6 X 10 — 60 
sq in 

* i , , 10 + 12+8+10 

Average height of edges - ---- 10 m 

4 

60 X 10 - 600 cu in 



Fig. 40. Wedge or Right Triangular 
Prism 
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To compute the volume of a wedge or right triangular prism when the ends 
are parallel and equal. 

Rule. Multiply the area of one end by the length of the wedge. 

To compute the volume of a wedge when the ends are not parallel. 

Rule. Add together the lengths of the three edges, ab , cd and ef (Fig. 40); 
multiply their sum by the altitude or perpendicular height of the wedge, and 
then by the breadth of the back, and divide the product by 6. 

Regular Polyhedrons 

Definition. A regular polyhedron is a solid contained within a certain num¬ 
ber of similar and equal plane faces, all of which are equal regular polygons. 
The following is a list of all the regular polyhedrons: 

(1) The tetrahedron, or pyramid 

(2) The hexahedron, or cube, which has six square faces. 

(3) The octahedron, which has eight triangular faces. 

(4) The dodecahedron, which has twelve pentagonal faces. 

(5) The icosahedron, which has twenty triangular faces. 

To compute the volume of a regular polyhedron. 

Rule 1. When the radius of the circumscribing sphere is given. Multiply 
the cube of the radius of the sphere by the multiplier opposite to the poly¬ 
hedron in column 2 of the following table. 

Rule 2. When the radius of the inscribed sphere is given. Multiply the 
cube of the radius of the inscribed sphere by the multiplier opposite to the 
polyhedron in column 3 of the table. 

Rule 3. When the area of the surface of the polyhedron is given. Cube 
the surface given, extract the square root, and multiply the root by the mul¬ 
tiplier opposite to the polyhedron in column 4 of the table. 


Table of Factors for Determining the Volumes of Regular 
Polyhedrons 


Figure 

1 

Number 
of sides 

2 

Factor for 
volume by 
radius of 
circumscribing 
sphere 

3 

Factor for 
volume by 
radius of 
inscribed 
sphere 

4 

Factor for 
volume by 
surface 

Tetrahedron 

4 

0 5132 

13 85641 

0 0517 

Hexahedron. . . 

6 

1.5306 

8 0000 

0.06804 

Octahedron . . . 

8 

1 33333 

6 9282 

0.07311 

Dodecahedron 

12 

2 78517 

5 55029 

0 08169 

Icosahedron 

20 

2.53615 

5.05406 

0.0856 


To compute the volume of a cylinder. 

Rule. Multiply the area of the base by the altitude or length. 

To compute the volume of a cone. 

Rule. Multiply the area of the base by one-third the altitude. 

To compute the volume of the frustum of a cone (Fig. 41). 

Rule. Add together the squares of the diameters of the two ends or bases 
and the product of the two diameters; multiply this sum by 0.7854, and this 
product by the altitude, and then divide this last product by 3. 
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Example. What is the volume of a frustum of a cone 9 in in height, 5 in in 
diameter at the base and 3 in in diameter at the top? 

Solution. 52 -j- 32 «. 34 . 3 X 5 — 15. 15 + 34 

■■49, the sum of the squares of the two diameters 
added to the product of the diameters of the ends. 
49 X 0.7854 - 38.4846. 

38.4846 X 9 . 

---= 115.4538 cu m 

To compute the volume of a pyramid. 

Rule. Multiply the area of the base by the alti¬ 
tude or perpendicular height, and take one-third of 
the product. 

To compute the volume of the frustum of a pyramid. 
Rule. Find the height that the pyramid would be 
Fig. 41. Frustum of Cone if the top were put on, and then compute the volume 
of the completed pyramid and the volume of the part 
added; subtract the latter from the former, and the remainder will be the 
volume of the frustum. 

To compute the volume of a sphere. 

Rule. Multiply the cube of the diameter by 0 5236. 

To compute the volume of a segment of a sphere. 

Rule 1 . To three times the square of the radius of its base add the square of 
its height; multiply this sum by the height and the 
product by 0.5236. 

Rule 2 . From three times the diameter of the 
sphere subtract twice the height of the segment; 
multiply this remainder by the square of the height 
and the product by 0.5236. 

Example. The segment of a sphere has a radius, 
ac (Fig. 42), of 7 in for its base, and a height, cb, of 
4 in; what is its volume? 

Solution. (By Rule 1.) 3 X 7 2 = 147, and 147 + 

4 * - 163, or three times the square of the radius of 
the base plus the square of the height. 163 X 4 X 
0.5236 - 341.3872 cu 
segment. 

Second Solution. By the rule for finding the 
diameter of a circle when a chord and its versed 
sine are given, we find that the diameter of the 
sphere in this case is 16.25 in; then, by Rule 2, 
(3 X 16.25) - (2 X 4) - 40.75; and 40.75 X 4* X 
0.5236 - 341.3872 cu in, the volume of the 
segment. 

To compute the volume of a spherical zone. 
Definition. The part of a sphere included be¬ 
tween two parallel planes (Fig. 43). 



Fig. 42. Segment of Sphere 
in — the volume of the 



Rule. To the sum of the squares of the radii of the two ends add one-third 
of the square of the height of the zone; multiply this sum by the height and that 
product by 1.5708. 
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To compute the volume of a prolate spheroid. 

Rule. Multiply the square of the short axis by the long axis and this prod¬ 
uct by 0.5236. 

To compute the volume of an oblate spheroid. 

Rule. Multiply the square of the long axis by the short axis and this 
product by 0.5236. 

To compute the volume of a paraboloid of revolution (Pig. 44). 

Rule. Multiply the area of the 
base by half the altitude. 

To compute the volume of a hyper¬ 
boloid of revolution (Fig. 45). 

Rule. To the square of the radius 
of the base add the square of the 
middle diameter; multiply this sum 
by the height and the product by 
0.5236. 

To compute the volume of any 
figure of revolution. 

Rule. Multiply the area of the generating surface by the circumference 
described by its center of gravity. 

To compute the volume of an excavation, where the ground is irregular and 
the bottom of the excavation is level (Fig. 46). 

Rule. Divide the surface of the ground to be excavated into equal squares 
of abort 10 ft on a side, and ascertain by means of a level the height of each cor¬ 
ner, a, a, a, b, b , b, etc., above the level to which the ground is to be excavated. 

Then add together the heights 



Fig 44. Parabo¬ 
loid of Revolution 


Fig. 45 Hyperboloid 
of Revolution 
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Fig. 46. Plan of Excavation 
their sum by one-fourth the area of one of the squares. The result will be the 
volume of the excavation. 


of all the corners that come in 
one square only. Next.take 
twice the sum of the heights of 
all the corners that come in two 
squares, as b, b , b; next three 
times the sum of the heights of 
all the corners that come in 
three squares, as c, c , c; and 
then four times the sum of the 
heights of all the corners that 
belong to four squares, as 
d, d, d, etc. Add together all 
these quantities, and multiply 


Example. Let the plan of an excavation for a cellar be as shown in Fig. 46, 
and the heights of each corner above the proposed bottom of the cellar be as 
given by the numbers in the figure. Then the volume of the cellar will be as 


follows, the area of each square being 10 X 10 - lOOsqft: 

Volume — of 100 (a’s + 2 b's + 3 c’s + 4 d' s) 

The o’s in this case - 44*6 + 34-24-1 + 7 + 4 -27 

2 X the sum of the i’s ■ 2 X (3 + 6 + 1 + 4 + 3 + 4) — 42 

3 X the sum of the c’s - 3 X (1 + 3 + 4) - 24 

4 X the sum of the d’s - 4 X (2 + 3 + 6 + 2) — 62 

145 


Volume - 25 X 145 - 3 625 cu ft, the quantity of earth to be excavated. 
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4. GEOMETRICAL PROBLEMS 

Problem 1. To bisect, or divide into equal parts, a given line, ab (Fig. 47), 


From a and b, with any radius greater than half of ab, describe arcs inter¬ 
secting in c and d. The line cd, connecting these intersections, will bisect al 
and be perpendicular to it. 



Fig. 47. Line Bisected Fig. 48. Perpendicular from Fig. 49. Perpendicular from 
Point to Given Line Point to Given Line 


Problem 2. To draw a perpendicular to a given straight line from a point 
without it. 

First Method (Fig. 48). From the point a describe an arc cutting the line 
be in two places, as e and /. From c and / describe two arcs, with the same 
radius, intersecting in g; then a line drawn from a to g is perpendicular to the 
line be. 

Second Method (Fig. 49). From any two points, d and c , at some distance 
apart in the given line, and with radii da and ca respectively, describe arc 



Fig. 50. Perpendicular from Point Fig. 51. Perpendicular from 
in Given Line Extremity of Given Line 

cutting at a and e. Draw ae, which is the perpendicular required. This 
method is useful where the given point is opposite the end of the line, or nearly 
so. 

Problem 3. To draw a perpendicular to a straight line from a given point, a, 
in that line. 

First Method (Fig. 50). With any radius, from the given point a in the line, 
describe arcs cutting the line in the points b and c. Then with b and c as 
centers, and with any radius greater than ab or ac, describe arcs cutting each 
other at d. The line da is the perpendicular required. 
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Second Method (Fig. 51), when the given point is at the end of the line. 

From any point, b f outside of the line, and with a radius ba, describe a semi¬ 
circle passing through a and cutting the given line 
at d. Through b and d draw a straight line inter- g/ 
sec ting the semicircle at e. The line ea will then be ' 
perpendicular to the line ac at the point a. . \ 

Third Method (Fig. 52), or the 3, 4 and 5 Method. 8 tL 
From the point a on the given line measure off 4 in, 
or 4 ft, or 4 of any other unit and with the same unit _ \ 

of measure describe an arc, with a as a center and a 11 1 1 $ 

3 units as a radius. Then from b describe an arc _ _ ... 

with a radius of 5 units cutting the first arc in c 
I hen ca is the perpendicular required, rhis method l, dc 
is particularly useful in laying out a right angle on 

the ground, or framing a house where the foot is used as the unit and the lines 
are laid off by the straight-edge. 

In laying out a right angle on the ground, the proportions of the triangle may 
be 30, 40 and 50, or any other multiple of 3, 4 and 5; and it can best be laid 
out with the tape. Thus, first measure off, say 40 feet from a (Fig. 52) on the 
given line; then let one person hold the end of the tape at b , another hold the 

^ tape at the 80-ft mark at a, and 

— ^ - —| a third person take hold of the 

i | " tape at the 50-ft mark, with his 

, i thumb and finger, and pull the 

i j tape taut. The 50-ft mark will 

j I then be at the point c in the line 

j j of the perpendicular. 

a b Problem 4. To draw a straight 

Fig. 53. Straight Line Parallel to Given Line line paralleI to a « iven ,ine at • 

given distance away (Fig. 53). 

From any two points near the ends of the given line describe two arcs about 
opposite the given line. Draw the line cd tangent to these arcs and it will be 
parallel to ab. 

Problem 5. To construct an angle equal to a given angle (Fig. 54). 

With the point A. at the apex of the given angle, as a center, and any radius, 
describe the arc BC. With the point <i, at the vertex of the new angle, as a 


Straight Line Parallel to Given Line 



center, and with the same radius as before, describe an arc, as BC. With BC 
as a radius and b as a center, describe an arc cutting the other arc at c. Then 
will cab be equal to the given angle CAB. 

Problem 6. From a point on a given line to draw a line making an angle of 
60° with the given line (Fig. 55). 

Take any distance, as ab , as a radius, and with a as a center, describe the arc 
be. With b as a center and with the same radius, describe an arc cutting the 
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Fig. 56. 


first one at c. Draw from a a line through c, and it will make with ab an aj^le 
of 60°. 

Problem 7. From a given point, A, on a given line, AE # to draw a line 
making an angle 45° with the given line (Fig. 56). 

Measure off from A, on AE, any distance, Ab t and 
at b draw a line perpendicular to AE. Measure off 
on this perpendicular be equal to Ab and draw a line 
from A through c. This line Ac will make an angle of 
45° with AE. 

Problem 8. From any point, A, on a given line, to 
draw a line which will make any desired angle with 
the given line (Fig. 57). 

To solve tins problem the tables of chords on pages 
81 to 89 are used. Find in the table the length of chord 
to a radius 1, for the given angle. Then take any 
radius, as large as convenient and describe an arc of a circle bo , with A as a 
center. Multiply the chord of the angle, found in the table, by the length of 
the radius Ab , and with the product as a new radius and with b as a center, 
describe a short arc cutting be in d. Draw a line 
from A through d and it will make the required 
angle with DE. 

Example. Draw a line from A on DE, making 
an angle of 44° 40' with DE (Fig. 57). 

Solution. The largest convenient radius for 
the arc is 8 in. With A as a center and 8 in as a 
radius, describe the arc be. In the table of chords, 
the chord for an angle or arc of 44° 40' to a radius 
1 is 0.76. Multiplying this by 8 in, the length of 
the new radius is 6.08 in; and with this as radius and with b as a center, 
describe an arc cutting be in d. Ad will be the line required. 

Problem 8a. To lay off a given angle approximately, by means of an ordi¬ 
nary two-foot rule. 



Fig. 57 Line Making Any 
Angle with Given Line 


Tables of Angles Corresponding to Openings of a Two-Foot Rule * 
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Deg. Min. 

In. 

Deg. Min. 
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Deg. Min. 

In. 

Deg. Min. 
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Fig. 58. Angle Bisected 


Lay one leg of the rule on the paper or board with its inner edge coinciding 
with the given line. Open the rule until the distance between the inner edges 
at the ends correspond with that given for the angle in the following table; 
then draw a line by marking along the inner edge of the other leg, and it will 
give the desired angle within a very close 
approximation. 

Problem 9. To bisect a given angle, as 
BAC (Fig. 58). 

With A as a center and any radius, 
describe an arc, as cb. With c and b as 
centers, and any radius greater than one- 
half of cb, describe two arcs, intersecting 
in d. Draw from A a line through d and 
it will bisect the angle BAC. 

Problem 10. To bisect the angle included between two lines, as AB and 
CD, when the vertex of the angle is not on the drawing (Fig. 59). 

Draw fc parallel to AB and 
cd parallel to CD, so that they 
intersect, as at i. Make radii 
at /, e, c, and d equal. Bisect 
angle rid, as in Problem 9; 
draw a line through i and o. 
This will bisect the angle be¬ 
tween the given lines. 

Problem 11. Through two 
given points, B and C, to 
describe an arc of a circle with 
a given radius (Fig. 60). 

With B and C as centers 
and with a radius equal to the 
given radius, describe two arcs intersecting at A. With A as a center and the 
same radius, describe the arc be, which will pass through the given points, B 

and C ‘ Problem 12. To find e 

the center of a given 
circle (Fig. 61). 

Draw any chord in 
the circle, as ab, and bi¬ 
sect this chord by the 
perpendicular cd. This 
line will pass through 
the center of the circle 
and ef will be a diameter 
of the circle. Bisect ef, and the center o will be the 
center of the circle. 

Problem 13. To draw a circular arc through 
three given points, as A, B and C (Fig. 62). 

Draw lines from A to B and from B to C. Bisect 
AB and BC by the lines aa and cc and prolong these lines until they intersect 
at o , which will be the center for the arc sought. With o as a center and Ao 
as a radius, describe the arc ABC. 



Fig 59. Angle Bisected. Angle not on Drawing 



Fig 60. Circular Arc through 
Two Given Points 



Fig. 61. 


Center 

Circle 


of Given 
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Fig. 62. Circular Arc through Fig. 63. Frame for Drawing Circular Arc 

Three Given Points 


Problem 14. To describe a circular arc passing through three given points 
when the center is not available, by means of a triangle (Fig. 63). 

Let A, B and C be the given points. Insert two still pins or nails at A and 
C. Place two strips of wood, SS, as shown in the figure, one against A , the 
other against C, and inclined so that their intersection shall come at the third 
point, B. Fasten the strips together at their intersection and nail a third 
strip, T, to their other ends, so as to make a firm triangle. Place the pencil- 
point at B, and, keeping the edges of the triangle against A and C, move the 
triangle to the left and right. The pencil-point will describe the required arc. 

When the points A and C are at the same distance from B, if a strip of wood 
is nailed to the triangle, so that its edge de is at right-angles to a line joining 
A and C, as the triangle is moved one way or the other, the edge de will always 
point to the center of the circle. This principle is used in linear perspective. 

Problem 15. To describe a circular arc which will be tangent at a given point, 
A, to a straight line, and pass through a given point, C, outside the line (Fig. 64). 

Draw from A a line perpendicular to the given line. Connect A and C by a 
straight line and bisect this line by the perpendicular ac. The point where 
these two perpendiculars intersect is the center of the circle. 




Fig. 64. Circular Arc Tangent Fig. 65. Reversed Curve between Parallel Lines 
to Line at Given Point 

Problem 16. To connect two parallel lines by a reversed curve composed of 
two circular arcs of equal radius, and tangent to the lines at given points, as A 
and B (Fig. 65). 

Join A and B and divide the line into two equal parts at C. Bisect CA and 
CB by perpendiculars. At A and B erect perpendiculars to the given lines, 
and the intersections a and b will be the centers of the arcs com Dosing the 
required curve. 
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Problem 17. On a given line, as AB (Pig. 66), to construct a compound curve 
of three arcs of circles, the radii of the two side arcs being equal and of a given 
length, and their centers 
being in the given line. 

The central arc is to pass 
through a given point, C, on 
the perpendicular bisecting 
the given line, and is to be 
tangent to the other two arcs. 

Draw the perpendicular 
CD. Lay off A a, Bb and Cc, 
each equal to the given 
radius of the side arcs, draw 
ac; bisect ac by a perpen¬ 
dicular The intersection 
of this line with the per¬ 
pendicular CD is the re¬ 



s' v 

\ v . 

\ »I 
\\l , 

V 

D 

Curve of Three Circular Arcs 



Fig 67. Equilateral Tri¬ 
angle on Given Base 



Fig. 68. Scalene Triangle on 
Given Base 


Fig. 66. 

quired center of the central arc. Through a and 6 draw the lines Dc and De'; 
from a and b , with the given radius, equal to Aa, Bb, describe the arcs Ae' 
and Be, from D as a center, and with CD as a radius, 
describe the arc eCe' which completes the curve re 
quired. 

Problem 18. To con¬ 
struct a triangle upon a 
given straight line or base, 
the length of the two sides 
being given (Figs. 67 and 
68 ). 

First. An equilateral tri¬ 
angle (Fig. 67). With the extremities A and B of the given line as centers and 
with AB as a radius describe arcs cutting each other at C. Join AC and BC . 

Second. A scalene triangle (Fig. 68). Let AD be the given base and the 
other two sides be equal to C and B. With D as a center, and with a radius 
p equal to C, describe at E an arc of indefinite length. 

With A as a center and with B as a radius, describe 
an arc cutting the first at E. Join E with A and D. 
ADE is the required 
triangle. 

Problem 19. To 
describe a circle 
about a triangle 
(Fig. 69). 

Bisect two of the 
sides, as A C and CB, 
of the triangle, and 
at their centers, erect 
perpendicular lines, as ae and be, intersecting at e. With e as a center, and eC 
as a radius, describe a cirde. It will pass through A and B. 



Fig. 69. Triangle and Cir¬ 
cumscribed Circle 



Triangle and Inscribed 
Circle 


Problem 20. To inscribe a circle in a triangle (Fig. 70). 

Bisect two of the angles, A and B> of the triangle by lines cutting each other 
at o. With o as a center, and with oe as a radius, describe a circle. It will be 
tangent to the other two sides. 
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Problem 21. To inscribe a square in a circle and to describe a circle about a 
square (Fig. 71). 

To inscribe the square. Draw two diameters, A B and CD , at right-angles 
to each other. Join the points A, D, B and C. A DBC is the inscribed square. 

To describe the circle. Draw the diagonals as before, intersecting at E, 
and with E as a center and A E as a radius, describe the circle. 



Fig. 71. Inscribed Square and 
Circumscribed Circle 


Fig 72. Inscribed Circle and 
Circumscribed Square 


Problem 22. To inscribe a circle in a square and to describe a square about 
a circle (Fig. 72). 

To inscribe the circle. Draw the diagonals AB and CD, intersecting at E. 
Draw the perpendicular EG to one of the sides. Then with £ as a center, and 
EG as a radius, describe a circle. It will be tangent to all four sides of the 
square. 

To describe the square. Draw two diameters, A B and CD, at right-angles 
to each other, and prolonged beyond the circumference. Draw the diameter 
GF, bisecting the angle CEA or BED. Draw lines through G and F perpen¬ 
dicular to GF, and terminating in the diagonals. Draw AD and CB to com¬ 
plete the square. 

Problem 23. To inscribe a pentagon in a circle (Fig. 73). 



Fig. 73. Circle and Inscribed 
Pentagon 


Fig. 74. Circle and Inscribed 
Hexagon 


Draw two diameters, AB and CD, at right-angles to each other. Bisect AO 
at E. With £ as a center and EC as a radius, cut OB at F. With C as a center 
and CF as a radius, cut the circle at G and H. With these points as centers 
and the same radius, cut the circle at I and J. Join I, J, G, C and II. IJGCHI 
is the inscribed regular pentagon. 
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Problem 24. To inscribe a regular hexagon in a circle (Fig. 74). 

Lay off on the circumference the radius of the circle six times, and connect 
the points. 

Problem 25. To construct a regular hexagon upon a given straight line, AB 
(Fig. 75). 

From A and B, with a radius equal to A B, describe arcs intersecting at O. 
With O as a center and a radius equal to AB, describe a circle, and from A or 
B lay off the lengths BC, CD, DE, EF and FA on the circumference of the 
circle. ABCDEFA is the required regular hexagon. 



Fig. 75. Regular Hexagon on Given Fig. 76. Regular Octagon on Given 
Line Line 

Problem 26. To construct a regular octagon upon a given straight line, AB 
(Fig. 76). 

Produce the line AB both ways and draw the perpendiculars A a and Bb , of 
indefinite length. Bisect the external angles at A and B and make the length 
of the bisecting lines equal to AB. From H and C draw lines parallel to Aa or 
Bb and equal in length to AB. From G and D as centers describe arcs, with 
a radius AB, cutting the perpendiculars A a and Bb in F and E. Draw GF t 
FE and ED. ABCDEFGHA is the required octagon. 


A b a B A 



Fig. 77. Square and Inscribed Fig. 78. Circle and Inscribed 

Regular Octagon Regular Octagon 


Problem 27. To construct a regular octagon in a square (Fig. 77). 

Draw the diagonals AD and BC and from A, B,C and D , with a radius equal 
to AO, describe arcs cutting the sides of the square in a, b , c, d, e , /, h and t. 
Draw at, hf, ed and cb. aihfedcba is the required octagon. 
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Problem 28. To inscribe a regular octagon in a circle (Fig. 78). 

Draw two diameters, AB and CD, at right-angles to each other. Bisect the 
angles AOD and AOC by the diameters EF and GH. AED11BFCGA is the 
required octagon. 

Problem 29. To inscribe a circle within a regular polygon. 

First. When the polygon has an even number of sides, as in Fig. 79. 
Bisect two opposite sides at A and B, draw AB and bisect it at C by a diagonal, 
DE, connecting two opposite angles, as D and E . The circle drawn with a 
radius CA and with C as a center is the inscribed circle required. 

E 




Fig. 79. Regular Polygon, Even Fig. 80. Regular Polygon, Odd 

Number of Sides, with Inscribed Number of Sides, with In- 

and Circumscribed Circles scribed and Circumscribed 

Circles 

Second. When the number of sides is odd, as in Fig. 80. Bisect two of the 
adjacent sides as at A and B, and draw lines AE and BD, to the opposite 
angles, and intersecting at C. The circle drawn with C as a center and CA 
as a radius is the inscribed circle required. 

Problem 30. To draw a circumscribing circle around a regular polygon. 

First. When the number of sides is even, as in Fig. 79. Draw two diag¬ 
onals from opposite angles, as ED and GH, intersecting at C. The circle 
drawn with C as a center and with CD as a radius is the circumscribing circle 
required. 

Second. When the number of sid js is odd, as in Fig. 80. Determine the 
center, C, as in the last problem. The circle drawn with C as a center and CD 
as a radius, is the circumscribing circle required. 

Problems on the Ellipse, the Parabola, the Hyperbola and 
the Cycloid 
The Ellipse 

Problem 31. To describe an ellipse, the length and breadth, or the two 
axes, being given. 

First Method (Fig. 81), the two axes, AB and CD, being given. On AB and 
CD as diameters and from the same center, 0, describe the circles AGBH and 
CLDK. Take any convenient number of points on the circumference of the 
outer circle, as b, b\ b ", etc., and from them draw lines to the center, 0, cutting 
the inner circle at the points o, o', a", etc., respectively. From the points 
b, b' t etc., draw lines parallel to the shorter axis CD; and from the points a, 
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a\ etc., draw lines parallel to the longer axis AB, and intersecting the first set 
of lines at c, c', c", etc. These last points will be points in the ellipse, and by 
determining a sufficient number of them, the ellipse can be drawn. 


H 



G 


Fig. 81. Ellipse Described on Given Axes 

Second Method (Fig. 82). Take the straight-edge, made of a stiff piece of 
paper, cardboard or wood, and from some point as a, mark off ab equal to half 
the shorter diameter CD, and ac equal to half the longer diameter AB. Place 
the straight-edge so that the 
point b is on the longer and 
the point c on the shorter 
diameter. Then will the point 
a be over a point in the ellipse. 

Make on the paper a dot at a 
and move the straight-edge 
around, always keeping the 
points b and c over the major 
and minor axes respectively. 

In this way any number of 
points in the ellipse may be 
determined and the ellipse 
drawn. 

Third Method (Fig. 83). C 

Given, the two axes, AB and Fig. 82. Ellipse Described with Straight-Edge 
CD. From the point D as a 

center, and a radius AO, equal to one-half of AB, describe an arc cutting AB 
at F and F*. These two points are called the foci of the ellipse. 

Note. One property of the ellipse is, that the sums of the distances of any 
two points on the circumference from the foci are the same. Thus F'D + DF 
~F'E + EF or F'G + GF. 
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Fix two pins in the axis A B at F and F f and loop upon them a thread, or 
cord equal in length, when fastened to the pins, to AB, so as, when stretched 

as per dotted line FDF ', it 
will just reach to the extrem¬ 
ity D of the short axis. Place 
a pencil-point inside the 
chord, as at E, and move the 
pencil along, keeping the cord 
stretched tight. The pencil- 
point will trace the ellipse 
g required. 

Problem 32. To draw a tan¬ 
gent to an ellipse at a given 
point on the curve (Fig. 84). 

Let it be required to draw 
a tangent at the point E on 
the ellipse shown. First de¬ 
termine the foci F and F' as in 
Fig. 83. Ellipse Described with String and Pencil the third method for describ¬ 
ing an ellipse, and from E 
draw lines EF and EF'. Prolong EF' to a, so that Ea equals EF. Bisect the 
angle aEF by describing arcs from a and F as centers, as shown at b, and 
through b draw a line through E. This line is the tangent required. If it is 
required to draw a line normal to the curve at £, as, for instance, the joint of 

C 


B 


Fig. 84. Tangent Drawn to Point on Ellipse 

an elliptical arch, bisect the angle FEF\ and draw the bisecting line through E , 
and it will be the normal to the curve and the proper line at that point for the 
joint of an elliptical arch. 

Problem 33. To draw a tangent to an ellipse from a given point outside of 
the curve (Fig. 85). 

From the given point T as a center, and with a radius equal to the distance 
to the nearer focus F, describe an arc of a circle. From F f as a center, and 
with a radius equal to the length of the longer axis of the ellipse, describe arcs 
cutting the circle just described at a and b. Draw lines from F' to a and b % 
cutting the ellipse at E and G . Draw lines from T through E and G and they 
will be the tangents required. 
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c 


Fig. 85. Tangent Dra>vn to Ellipse from Point Outside 

Problem 34. To describe an ellipse approximately, by means of circular 
arcs. 

First. With arcs of two radii (Fig. 86). Take half the difference of the two 
axes AB and CD , and set it oil from the center O to a and c on OA and OC; 
draw ac and on A B set off half ac from a to d, draw di parallel to ac ; set off Oe 
equal to Od; join ei and draw em and dm parallel respectively to id and ie. 


C 



D 

Fig. 86. Ellipse Described with Circular Arcs of Two Radii 


With w as a center and with a radius tnC , describe an arc through C, terminat¬ 
ing in the points 1 and 2 on md and me produced. With i as a center, and with 
iD as a radius, describe an arc through D t terminating in points 3 and 4 on ie 
and id produced. With d and e as centers, describe arcs through A and B , 
connecting the points 1 and 4 and 2 and 3. The four arcs thus described form 
approximately an ellipse. This method is not satisfactory when the con¬ 
jugate or minor axis is less than two-thirds the transverse or major axis. 
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Another method of approximating an ellipse by means of arcs of two radii, 
is shown in Fig. 87, the axis major AB and the semiminor axis OC being 

given. Draw the rec¬ 
tangle AabBA, and the 
diagonal CB. Lay off 
Cc equal to the differ¬ 
ence between OB and 
OC. Bisect cB at M and 
erect the perpendicular 
YD , intersecting CO 
produced at Y and OB, 
at x. Make Ox' - Ox. 
Then will x, x / , and Y 
be the three centers re¬ 
quired, the curves be¬ 
coming tangent at D 
and at the correspond¬ 
ing point on the left- 
hand side of the ellipse. 
This method results in a 
curve which is slightly 
fuller at the haunches than the curve drawn by the preceding method. 
Second. With arcs of three radii (Fig. 88). On the transverse or major axis 



Fig. 87. Ellipse Described with Circular Arcs of Two Radii 



Fig. 88. Ellipse Described with Circular Arcs of Three Radii 

AB draw the rectangle AGEBA , equal in height to OC, half the conjugate or 
minor axis. Draw AC and draw GD perpendicular to AC. Set off OK equal to 
OC, and on A K as a diameter describe the semicircle ANK. Extend OC to 
L and to Z>. Set off OM equal to CL, and with D as a center and with a radius 
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The Parabola and Hyperbola 

DM, describe an arc. With A and B as centers and with a radius OL, cut AB 
at P and P. From H as a center, and with a radius HP, cut the arc ab at a. 
IV and b are determined in like manner. The points H, a, D, b and H', are 
the centers of the arcs required. 

Produce the lines all, Da, Db, and blV, and thus determine the lengths of 
the arcs. This method is practicable for all ellipses. It is often employed 
for vaults, stone arches and bridges. 

The Parabola 

Problem 35. To describe a parabola when the vertex A, the axis AB and a 
point, M, of the curve are given (Fig. 89). 

Construct the rectangle ABMCA. Divide MC into any number of equal 
parts, four for instance. Divide AC in like manner. Connect A 1, A2 and A3. 
Through 1', V, 3', draw parallels to the axis AB. The intersections I, II and 
III, of these lines, are points in the required curve. 



Fig. 89. Parabola and Tangent to Point on Parabola 


Problem 36. To draw a tangent to a given point, II, of the parabola (Fig. 
89). 

From the given point II let fall a perpendicular on the axis AB at b. Produce 
the axis to the left of A . Make A a equal to A b. A line drawn through a and 
II is the tangent required. The lines perpendicular to the tangent are called 
NORMALS. 

To draw a normal to any point, as I, the tangent to any other point, II being 
given. 

Draw the normal lie. From I, let fall a perpendicular Id, on the axis AB. 

Lay off de equal to be. The line I<* is the normal required. The tangent 
may be drawn at I by laying off a perpendicular to the normal le at I. 

The Hyperbola 

If from any point, P, of an hyperbola, two straight lines are drawn to two 
fixed points, as F and F\ the foci of the hyperbola, their difference is always 
the same. 

Problem 37. To describe an hyperbola when a vertex, a, the given differ¬ 
ence ab and one of the foci, F are given (Fig. 90). 

Draw the axis A B of the hyperbola, with the given distance ab and the focus 




[Part 1 
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F marked on it. From b lay off bFi equal to aF to determine the other focus Pi. 

Take any point, as 1 on AB, 
and with ol as a radius and F 
as a center, describe two short 
arcs above and below the axis. 
With M as a radius, and F' as 
a center, describe arcs cutting 
those just described, at P and 
P'. Take several points, as 2, 
3 and 4, and determine the 
corresponding points P 2 , Pj 
and P 4 in the same way. The 
curve passing through these 
points is an hyperbola. 

To draw a tangent to any 
point of an hyperbola, draw 
lines from the given point to 
each of the foci and bisect 
the angle thus formed. The 
bisecting line is the tangent 
required. 



Fig. 90. Hyperbola Described 


The Cycloid 

The cycloid is the curve described by a point on the circumference of a circle 
rolling in a straight line. 

Problem 38. To describe a cycloid (Fig. 91). 

Draw the straight line AB. Describe the generating circle tangent to this 
line at its middle point D, and through the center C, of the circle, draw the line 



EE parallel to AS. Let fall a perpendicular from C upon AB. Divide the 
semi-circumference into any number of equal parts, for example, six. Lay off 
on AB and CE distances Cl', 1 ' 2 ', etc., equal to the divisions of the circum¬ 
ference. Draw the chords D 1, D2, etc. From the points 1', 2', 3', etc., on 
the line CE, with radii equal to the generating circle, describe arcs as shown. 
From the points 1', 2 ', 3', 4', 5', etc., on the line BA, and with radii equal 
respectively to the chords D 1 , D2, D3, D4, DS , describe arcs cutting the pre¬ 
ceding arcs. The intersections are points of the required cycloid. 
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Table of Chords. Radius = 1.000 
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Table of Chorda (Continued). Radius = 1.0000 


ii* | ia° 18 ° 


[Part 1 


0.10170.2 
0 1920 0 2 
0 1923)0 2 
0 192610.2 
0 1928 0 2 
0 19310.2 
0 1934 0 2 
0.1937 0 2 
0 1940 0.2 
0 194310 2 
0 1946,0 2 


0 1949 
0.1952 
0.1955 
0 1957 
0 1960 

16 10.1963! 

17 jO.1966, 

18 10 1969, 
0 1972 
0 1975 
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0 2125 0. 
0 2128 0. 
-0.2131 0 
,0.2134 0. 
[0.2137 0. 
0 2140 0. 
,0 2143 0 
,0.2146 0. 
0 2148 0 


0 1978:0 2151|0. 
0 1981i0.2154 0 
0 1983i0.2157 0. 
0.1986 0.2160 0. 
0.1989JO 2163 0. 
0.1992'0 2166 0. 
0 1995 0.2169 0. 
0.1998;0.2172 0. 
0 2001 0.2174 0. 
0 2004 0 2177 0 

0.2007 0 2180 0. 
0.2010 0 2183 0. 
0 2012 0.2186 0. 
0.2015 0.2189 0. 
0.2018 0.2192 0. 
0 202110.2195 0 

0 202710 2200,0 
0 2030 0.2203)0. 
0.2033 0 2206 0 


0 2036 0.2209 0 

42 10.2038 0 2212 0. 

43 0.2041 0 2215 0. 

44 10.2044 0.2218 0 
0.2047 0 2221 0 
0.2050 0 2224 0. 
0.2053 0.2226 0 
0 2056 0.2229 0. 
0.2059 0 2232 0 

60 0 2062 0 2235 0. 

51 0.2065 0.2238 0. 

52 0.2067 0.2241 0. 

53 0.2070 0.2244 0. 

54 0.2073 0.2247 0. 

55 0.2076 0.2250 0. 
2079 0.2253 0 

0.2082 0.2255 0. 

0.2258 0. 
0.2088(0.2261 0. 
0.22640. 


L2873 0.3045 0 
>.2876 0.3048 0 
i 2878 0.3051 0. 
> 2881 0.3054 0 
1.2884 0.3057 0. 
i 2887 0.3060:0. 


1.2893:0 3005,0 
i.2896j0 306810. 
» 2899 0 307110 


3129 0 3301 0.3473 0 3645 
3132 0 3304 0 3476 0 3648 
3134 0.3307 0 3479 0 3650 
3137 0 3310 0.3482 0 3653 
3140 0.3312 0 3484 0 3656 
3143 0 3315 0 3487 0 3659 
3146 0 3318 0 3490 0 3662 
3149 0 3321 0 3493 0 3665 
3152 0 3324 0 3496 0 3668 
3155 0 3327 0 3499 0 3670 
3157 0 3330 0 3502 0 3673 

3160 0 3333 0 3504 0.3676 
3163 0 3335 0 3507 0 3679 
3166 0 3338:0 3510 0 3682 
3169 0 3341 0 3513 0 3685 
3172 0.3344 0 3516 0 3688 
3175 0 3347 0 3519 0 3690 
3178 0 3350 0 3522 0 3693 
3180 0 3353 0 3525 0 3696 
3183 0 3355 0 3527 0.3699 
3186 0 3358 0 3530 0 3702 

3189 0.3361 0 3533 0 3705 
3192 0.33G4j0 3536 0 3708 
3195 0 3367 0 3539 0 3710 
3198 0.3370)0 3542 0 3713 
3200 0.3373 0 3545 0 3716 
3203 0 3376 0 3547 0 3719 
3206 0 3378 0 3550 0.3722 
3209 0 3381 0 3553 0 3725 
3212 0.3384 0.3556 0 3728 
3215 0 3387 0 3559 0 3730 

3218 0 3390 0 3562 0 3733 
3221 0.3393 0 3565 0 3736 
3223 0 3396 0 3567 0 3739 
3226 0 3398 0 3570 0 3742 
3229 0.3401 0 357^0 3745 
3232 0 3404 0.3576 0 3748 


3238 0 3410 0 3582 0 3753 
3241 0.3413 0.3585 0 3756 
3244 0 3416 0 3587 0 3759 


[) 3590 0.3762 
9 3593 0.3765 
9.3596 0.3768 
9.3599 0 3770 
9.3602 0.3773 
9 3605 0 3776 
3 3608 0 3779 
3 3610 0 3782 
9 3613 0 3785 
3 3616 0 3788 50 

3 3619 0 3790 51 
9 3522 0 3703 52 
3.3625 0 3796 53 
3 3628 0.3799 54 
3 3630 0 3802 55 
9.3633 0 3805 66 
9 3636 0 3808 57 
3 3639 0.3810 58 
9 3642 0.3813 59 
9.3645 0.3816 60 
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M. 




33° 


24° 


25° 


20 ° 


27° 2S° 


22° 30° 31° 32° IM. 


0 3816 0 
0 3819 0. 


0 3822 
0 3825 
0 3828 
0.3830 
0.3833 
10 3836! 
0.3839 
0.3842| 
0.3845 


0 3848 
0.3850 


3987 

3990! 


.3996 


4002 

4004 

4007 

4010 

4013 

4016 


4158 

4161 

4164 

4167 

4170] 

4172 

4175! 

4178 

4181 

,4184 

4187! 


4329 

4332 

4334 

4337 

4340| 

4343 

4346 

,4349 

,4352 

4354 

4357 


4499 

4502 

4505 

4508 

4510! 


4513 


4669 

4672 

4675 

4677 


4516 

4519 

4522 

4525 

4527 


0.4019 0 4190,0.4360 
0.4022 0.4192 0 4363 


4680 0 
4683!0 
4686 0 
,4689 0, 
469210 
,469410 
,469710 


4838 

4841 

4844 

4847 

4850 

4853 

4855 

,4858 

.4861 

.4864! 

.4867! 


500810 
501010 
50130 
5016,0. 
5019 ( 0. 
502210. 
5024 0. 
5027 j0. 
5030i0. 
5033:0. 
5036 0. 


5176| 

5179 

5182j 

5185 

5188 

5190 

5193 

5196 

5199 

5202 


5345 0 
534810 
5350!0 


5353 
5356 
5359 
5362 
536410 
5367 0 
5370|0 
520410.537310, 


0.4530 0.4700 0.4869 
0.4533 0.4703 0.4872 


0.5039 0 5207! 
0.5041 0.5210: 


5513 

5510: 

5518 

5521 

5524 

5527 

5530| 

5532 

55351 

5538! 

5541 


0.5376 0.5543 

o'n 


0.5378 0.5546 
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Geometrical Problems 
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90 Trigonometry [Part 1 

Lengths and Bevels of Hip-Rafters and Jack-Rafters 

Method of Determining the Lengths and Bevels. The lines ab and be 
(Fig. 92) represent the outside of the walls at the angle of a building; be is the 
seat of the hip-rafter and gf of a jack-rafter. Draw eh at right-angles to be 
and make it equal to the rise of the roof; join b and h and hb will be the length 
of the hip-rafter. Through e draw di at right-angles to be. With b as a center 


h 



Fig. 92. Lengths and Bevels of Hip-rafters and Jack-rafters 

and with the radius bh, describe the arc hi, cutting di in i. Join b and i and 
extend gf to meet hi ini; then gj is the length of the jack-rafter. The length of 
each jack-rafter is found in the same manner, by extending its seat to cut the 
line bi. From/ draw fk at right-angles to fg; also// at right-angles to be. Make 
fk equal to Jl by the arc Ik, or make gk equal to gj by the arc jk ; then the angle 
at j is the top bevel of the jack-rafters, and the angle at k the down bevel. 

Backing of the Hip-Rafter. At any convenient point in be (Fig. 92), as o , 
draw mn at right-angles to be. From o describe a circle, tangent to bh, 
cutting be in s. Join tn and s and « and s. The lines ms and ns form at $ the 
proper angle for beveling the top of the hip-rafter. 

5. TRIGONOMETRY 

It is not the purpose of the author to teach the principles or uses of trigo¬ 
nometry; but for the benefit of those readers who have already acquired a 
knowledge of this science, the following convenient formulas and tables of 
natural sines, cosines, tangents and cotangents have been inserted. To those 
who know how to apply these trigonometric functions, they will often be 
found of great convenience and utility. These tables are taken, by permis¬ 
sion, from Searles* Field Engineering, John Wiley & Sons, Inc., publishers. 
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Trigonometric Functions 


Let A (Fig. 93) = angle BAC *=* arc BF and let the radius AF * AB = 
AH * 1. Then 


sin A — BC 
cos A — AC 
tan A = DF 
cot A ~ I1G 
sec A — AD 
cosec A ~ AG 
versin A = CF = BE 
covers A — BK HL 
exsec A = BD 
coexsec A ~ BG 
chord A = BF 
chord 2A = BI=2BC 



Fig 93. Functions of Right-angled 
Triangle 


BC m 

( 1 ) 

( 2 ) 

(3) 

(4) cot A 

(5) sec A 

(6) cosec A 

(7) vers A = *= covers B 

c — b _ 

(8) exsec 4 «■ —^— = coexsec B 

(9) covers A * = versin B 

(10) coexsec A = ^ * exscc B 


r, AC =» 6 and 

(11) a = c sin A *» 6 tan A 

(12) ft = c cos A *= a cot A 

(13) e = —-- 

sin A cos A 

(14) a = c cos B *= 6 cot B 

(15) ft = c sin B * a tan B 

(16) c = ——^ 

cos B sin B 

(17) a * x^c + ft) (r - ft) 

(18) ft = >/(c + a) (c - a) 

(19) c = vV 2 + ~t 2 

(20) C = 90° = A -f B 


In the right-angled triangle ABC (Fig. 93) let AB 
a. Then 


sin A = - 


cos B 


cos A = - — sin B 
c 


tan A = t — cot B 
o 


— tan B 

! 

= cosec B 


— sec B 


(21) area 


oft 

2 
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Trigonometrical Functions 
Oblique Triangles. General Formulas 
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(34) sin A 


r \ — cos 2 A *> tan A cos A 


(35) sin A — 2 sin H A cos H A =* vers A cot H A 

(36) sin A — VH vers 2 >1 * VH (1 — cos 2 >4) 


(37) cos A — 


(38; cos A = 
(39) cos A - 


(40) tan A = 


— *—7 — V 1 — sin 2 A = cot A sin A 
sec A 

1 — vers A = 2 cos 2 HA - 1*1- 2 sin* H A 
cos 2 HA— sin 2 HA = VH *+■ H cos 2 A 


1 __ sin A 

cot A cos A 


* \/sec 2 A — 1 


(41) tan A 


: Cos 2 A 


v' 1 — cos 2 A 


sin 2 A 
1 -t- cos 2 A 


(42) tan A = 


1 — cos 2 A vers 2 A 


= exsec A cot H A 


(43) cot A = --j = 


tan A s:n A 


= V cosec 2 A — 1 


(44) cot A 


(45) cot A 


sin 2 A sin 2 A 1 4- cos 2 A 

1 — cos 2 A vers 2 A sin 2 A 

tan H A 
exsec A 


(46) vers A = 1 — cos A =» sin A tan H A *■ 2 sin 2 H A 

(47) vers A = exsec A cos A 

(48) exsec A = sec A — 1 = tan A tan HA** VCrs - 7 


(49) sin HA 


/! — cos A 

V 2 


(50) sin 2 A = 2 sin A cos A 


(51) cos HA 


4- cos A 
2 


(52) cos 2 A « 2 cos 2 A — 1 — cos 2 A — sin 2 A — 1 — 2 sin* A 


(53) tan HA 


8 cosec A — cot A 


(54) tan 2 A 


(55) cot HA 


(56) cot 2 A 


2 tan A 
1 — tan 2 A 

sin A 14* cos A 

' . see ■■■ ■ ■ —■ 

vers A sin A 

cot 2 A — 1 
2 cot A 


cosec A — cot A 
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Trigonometry 
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Oblique Triangles. General Formulas (Continued) 


t -... .. . H vers A l - 

(57) vers H A -- —========= - --= 

1 +v 1 — H vers A 2 4*V2 

(58) vers 2 A =2 sin* A 

,/ * 1 — cos A 

(59) exsec HA— - . ■ -. —— 

(1 -f cos A) +V2 (1 -h COS A) 


1 +\/1 — H vers A 2 4*V2(1 H- cos A) 


1 — cos A 


(60) exsec 2 -A 


2 tan* A 
1 — tan* A 


(61) sin (A db B) = sin A cos £ ± sin B cos A 

(62) cos (A =fc £) = cos A cos £ =fc sin A sm £ 

(63) sin A + sin £ = 2 sin H (A ~f- £) cos H (A - £) 

(64) sin A - sin £ = 2 cos H (A + £) sm H (A - £) 

(65) cos A -f* cos £ =*2 cos H (A 4~ £) cos H (A — £) 

( 66 ) cos £ — cos A = 2 sin H (A + £) sm H (A — £) 

(67) sin* A — sin* £ «■ cos* £ — cos* A = sm (A -f £) sin (A — £) 

( 68 ) cos* A — sin* £ = cos (A 4* £) cos (A — £) 

A a , * sin (A + £) 

(69) tan A 4* tan B = ---- 

cos A cos £ 


(70) tan A — tan £ 


■ sin (A - £) 
cos A cos £ 




Table of Natural Sines and Cosines 
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Trigonometry 


[Part 1 


f— 

1 35° 

|| 86° 

l| 87° 

|| 88° 

II 80 ° 



Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin 


0 

.12262 

.90631 

.43837 

.89879 

.4539$ 

.89101 

.46947 

.88295 

.48481 

.87462 

60 

1 

.4223S 

.90618 

.4386< 

.89867 

.45425 

.89087 

.4697: 

.88281 

.4850f 

.87448 

59 

2 

.42315 

.90606 

.4388$ 

.89854 

.4545 

.89074 

.46999 

.S8267 

.48532 

.8743 

58 

3 

.42341 

.90594 

.43916 

.89841 

.45477 

.89001 

.47024 

.88254 

.48557 

.87421 

57 

4 

.12367 

.90532 

.43942 

.89828 

.4550: 

.89048 

.47050 

mm 

.48583 

.87400 

56 

5 

.12394 

.90569 

.439(48 

.89816 

.45529 

.89035 

.47076 

.8S220 

.48608 

.87391 

55 

6 

.42420 

.90557 

.4399-1 

.89803 

.4555-! 

.89021 

.47101 

.88213 

.48634 

.87377 

54 

7 

.4241G 

.90545 

.44020 

.89790 

.45581 

.89008 

.47127 

.8,8199 

.48659 

.87363 

53 

8 

.42473 

.90532 

.41040 

.89777 

.15606 

.88995 

.47153 

.88185 

.48684 

.87349 

52 

9 

.42499 

.90520 

.44072 

.89764 

.45632 

.88981 

.47178 

.8S172 

.48710 

.87335 

51 

m 

.42525 

.90507 

.44098 

.89752 

.4565S 

,88968 

.47204 

.88158 

.48735 

.$7321 

50 

n 

.42552 

90495 

.44124 

.S9739 

.45684 

.88955 

.47229 

.88144 

.48761 

.87306 

49 

12 

.42578 

.90483 

44151 

.89726 

.45716 

.88942 

.47255 

.88130 

.48786 

.87292 

48 

13 

.42604 

.90470 

.44177 

.89713 

.45730 

.88928 

.47281 

.88117 

.48811 

.87278 

47 

14 

.42631 

.90458 

.41203 

.89700 

.45762 

.88915 

.47306 

.88103 

.48837 

.87264 

4G 

15 

.42657 

.90446 

44229 

.89687 

.45787 

.88902 

.47332 

.88089 

.48862 

.87250 

45 

16 

.42683 

.90433 

.44255 

.89674 

.45813 

.88888 

.47358 

.88075 

.48888 

.87235 

44 

17 

.42709 

.90421 

.44281 

.89662 

.45839 

.88875 

.47383 

.88062 

.48913 

.87221 

43 

18 

.42736 

.90408 

.44307 

.89649 

.45805 

.88862 

.47409 

.88048 

.48938 

.87207 

42 

19 

.42762 

.90396 

.44333 

.89636 

.45891 

.88848 

.47434 

.88034 

.48964 

.87193 

41 

m 

.42788 

.90383 

.44359 

.89623 

.45917 

.88835 

.47460 

.S8020 

.48989 

.87178 

40 

21 

.42815 

.90371 

.44385 

.89610 

.45942 

.88822 

.47486 

.88006 

.49014 

.87164 

39 

22 

.42841 

.90358 

.44411 

.89597 

.45908 

.88808 

.47511 

.87993 

.49040 

.87150 

38 

23 

.42867 

.90346 

.44437 

.89584 

.45994 

.88795 

.47537 

.87979 

.49065 

.87136 

37 

21 

.42894 

.90334 

.44464 

.89571 

.40020 

.8878 2 

.47562 

.87965 

.40090 

.8712 J 

36 

25 

.42920 

.90321 

.44490 

.8955S 

.40040 

.88708 

.47588 

.87951 

.4911G 

.87107 

35 

26 

.42946 

.90309 

.44516 

.89545 

.46072 

.88755 

.47614 

.87937 

.49141 

.87093 

34 

27 

.42972 

.90296 

.44542 

.89532 

.46097 

.88741 

.47639 

.87923 

.49166 

.87079 

33 

28 

.42999 

.90284 

.44568 

.89519 

.40123 

.88728 

.47665 

.87909 

.49192 

.87064 

32 

29 

.43025 

.90271 

.44594 

.89500 

.46149 

.88715 

.47090 

.87896 

.49217 

.87050 

31 

LEU 

43051 

.90259 

.44620 

.89493 

.40175 

88701 

.47716 

.87882 

.4924? 

87026 

30 

31 

.43077 

.90216 

.44646 

.89480 

.46201 

.88688 

.47741 

.87868 

.49268 

.87021 

29 

32 

.43104 

.90233 

.44672 

.89467 

.46220 

.88074 

.47767 

.87854 

.49293 

.87007 

28 

33 

.43130 

.90221 

.44698 

.89454 

.46252 

.88601 

.47793 

.87840 

.49318 

.86993 

27 

34 

.43150 

.90208 

.44724 

.89441 

.46278 

.88647 

.47818 

.87826 

.49344 

.86978 

26 

35 

.13182 

.90196 

.44750 

.89428 

.16304 

.88634 

.47844 

.87812 

.49369 

.86964 

25 

36 

.43209 

.90183 

.44776 

.89415 

.46330 

.88620 

.47.809 

.87798 

.49394 

.86949 

24 

37 

.43235 

.90171 

.44802 

.89402 

.46355 

.88607 

.47895 

.87784 

.49119 

.80935 

23 

38 

.43261 

.90158 

.44828 

.89389! 

.46381 

.88593 

.47920 

.87770 

.49445 

.86921 

22 

ill, 

.43287 

.90146 

.44854 

.89376 

.46407 

.8,8580 

.47946 

.87756 

.49470 

.86906 

21 

Efl 

.43313 

.90133 

.44880 

.89363 

.46433 

.88566 

.47971 

.87743 

.49495 

.86892 

20 

41 

.43310 

mm 

.41906 

.89350 

.46458 

.88553 

.47997 

.87729 

.49521 

.86878 

19 

42 

.43366 

.90108 

.44932 

.89337 

.46484 

.88539 

.48022 

.87715 

.49546 

.86863 

18 

43 

.43392 

.90095 

.44958 

.89324 

.46510 

.88526 

.48048 

.87701 

.49571 

.86849 

17 

44 

.43418 

.90082 

.44984 

.89311! 

.46536 

.88512 

.48073 

.87687 

.49596 

.86834 

16 

45 

.43445 

.90070 

45010 

.89298 

.405G1 

,88499 

.48099 

,87673 

.49622 

.86820 

15 

46 

.43471 

.90057 

.45036 

.89285 

I.465S7 

.88485 

.48124 

.87659 

.49647 

.80805 

14 

47 

.43497 

.90045 

.45062 

.89272 

.46613 

.88472 

.48150 

.87645 

.49672 

.86791 

13 

48 

.43523 


.45088 

.89259 

.46639 

.88458 

.48175 

.87631 

.49697 

.86777 

12 

49 

.43549 

m 4 

.45114 

.89245 

.40664 

.88445 

.48201 

.87617 

.49723 

.86762 

11 

131 

.43575 

Eliiilt ril 

.45140 

.89232 

.46690 

.88431 

mm 

ggM 

.49748 

.86748 

10 

51 

twm\ 

.89994 

.45166 

.89219 

.46716 

.88417 

ESS 


.49773 

86733 

9 

52 

.13628 

.89981 

.45192 

.89206 

.46742 

.88404 

.48277 

.87575 

.49798 

.86719 

8 

53 

.43654 

.89968 

,45218 

.89193 

.46767 

.88390 

.48303 

.87561 

.49824 

.86704 

7 

54 

.43680 

.89956 

.45243 

.89180 

.46793 

.88377 

.48328 

.87546 

.49849 

.86690 

6 

55 


.89943 

.45269 

.89167 

.46819 

.88363 

.48354 

.87532 

.49874 

.86675 

5 

56 

.43733 

.89930 

.45295 

.89153 

.46844 

.88349 

.48379 

.87518 

.49899 

.86601 

4 

57 

.43759 

.89918 

.45321 

.89140 

.46870 

.88336 

.48405 

.87501 

.49924 

.86046 

3 

58 

.43785 

.89905 

.45347 

.89127 

.46896 

.88322 

.48430 

.87490 

.49950 

.86632 

2 

59 

.43811 

.89892 

.45373 

.80114 

.46021 

.88308 

.48456 

.87476 

.49975 

.86617 

1 

m 

.43837 

wm 

.45399 

.89101 

.46947 

.88295 

.48481 

.87402 

.50000 

.86603 

0 

T 

Cosin 

Sine | 

Cosin 

Sine 

ICosin 

Sine 

Cosin 

Sine 

Cosin 

Sine 

0 

□ 

64 ° 1 

63 ° 1 

6J5° 1 

61 ° 1 



























0 .50000 

1 .50025 

2 .50050 

3 .50076 

4 .50lCr 

5 .50126. 

6 .50151 . 

7 .50170. 

8 .50201 . 

9 .50227 . 

10 .50252. 

11 .50277. 

12 .50302. 

13 .30327. 

14 .50352. 

15 .50377. 
10 .50403. 

17 .50428 . 

18 .50453. 

19 .50478. 

20 .50503. 

21 .50528. 

22 .50553. 

23 .5057S . 

24 .50003 . 

25 .50628 . 

26 .50054 

27 .50079 

28 .50704 

29 .50729. 

30 .50751 

31 .50779 

32 .50804. 

33 .50829 . 

34 .50854 . 

35 .50879. 
30 .50904 

37 .50929 

38 .50954 

39 .50979 . 

40 .51001 . 

41 .51029 .! 

42 .51054 

43 .51079.! 

44 .51101 .! 

45 .51129.! 
40 .51151.! 

47 .51179 

48 .51204 .! 

49 .51229 .! 

50 .51254 .! 

51 .51279.! 

52 .51304 .1 

53 .51329 .! 

54 .51354 .! 

55 .51379.1 

56 .51404 .3 

57 .51429.! 

58 .51454.! 

59 .51479.! 

60 .51504 .! 


.53509 .84480 
.53534L844G4 
.5355S 
.5358 
.53007 


.84230 
.84214 
.539511.84198 
.539751.84182 


1.55919 .82904 60 
.55943 .82S87 59 
1.55908.82871 58 
55992 .82855 57 
50 

.500401.828221 55 
.56004 
.56088 
56112 .82773 52 I 
50136 .82757 51 i 
.56160.82741 50 j 

.56184 
.56208 .82708 48 ! 
.50232 .82692 47 
.56256.82075 40 j 
.56280.82059 45 
.50305.82043 44 
.50329 .82026 43 
42 

.56377 .82593 41 
.56401 .82577 40 

.56425 .82501 39 
38 

i.50473|.8252Sl 37 
36 

.50521 .82496 35 
.50545.82478 34 
.56569.82462 33 
.50593.82446 32 
.50617.82429 31 
.56641 .82413 30 

.56005.82396 29 
.56089 .82380 28 
.56713 .82303 27 
.50736 .82347 20 
.5C7CO .82330 25 
.56784 .82314 24 
.56808 .82297 23 
.56832 .82281 22 
.50856 .82264 21 
.56880.82248 20 

.56904.82231 19 
.56928 .82214 18 
.50952 .82198 17 
.56976 .82181 16 
.57000 .82165 15 
.57024 .82148 14 
.57017 .S2132 13 
.57071 .82115 12 
.57095 .82098 11 
.82082 10 
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Trigonometry 


[Part 1 



0 .57358 .81915 .58779 .80902 

1 .57381 .81899 .53W2 .80385 

2 .57405.81882 .58826 .80307 

3 .57429 .81805 .58849 .S0S50 

4 .57453 .81848 .58873 .S0S33 

5 57177 .81832 .588% .80816 

6 .57501 .81815 .53920 .80799 

7 .57524 .81798 .58943 .80782 

8 .57548 .81782 .53967 .80705 

9 .57572.81765 .58990 .807 IS 

10 .57596.81748 .59014.80730 

11 .57619.81731 .59037.80713 

12 .57643 .81714 .59061 .80096 

13 .57667 .8169S .59081 .80679 

14 .57691 .81681 .59108 .80602 

15 .57715 .81664 .59131 .80641 

16 .57738 .81647 .59151.80627 

17 .57762.81031 .59178.80610 
IS .57786 .81614 .59201 .80593 

19 .57810 .31597 .59225.80570 

20 .57833 .81580 .59243 .80558 

21 .57S57 .81563 .59272 .80541 

22 .57881 .81546 .59295 .80521 

23 .57901 .81530 .59318 .80507 

24 57928 .81513 59342 .804 S9 

25 57952.81490 .59305.80472 

26 .57976 .81479 .59389 .80455 

27 .57999 .81462 .59412 .80438 

28 .58023 .81445 .59430 .80420 

29 .5°047 .81428 .59459.80403 

30 .58070 .81412 .59482 .80386 

31 .58094 .81395 .59506 .80308 

32 .58118 .81378 .59529.80351 

33 .58141 .81361 .59552 .80334 

34 .58165 .81341 .59576 .80316 

35 .53189 .81327 .59599 .80299 

36 .58212.81310 .59622 .80232 

37 .58236 .81293 .59646 .S02G4 
33 .58260 .81276 .59669 .80247 

39 .58283 .81259 .59093 .80230 

40 .58307 .81242 59716 .80212 

41 .58330 .81225 .59739 .80195 

42 .58354 .81208 .59763 .80178 

43 .58378.81191 .59780.801(40 

44 .5S401 .81174 .59809 .80143 

45 .58425 .81157 .59832.80125 

46 .58449.81140 .59856.80108 

47 .58472.81123 .59879.80091 

48 .58496.81106 .59902.80073 

49 .58519 .81039 59926 .80050 

50 .58543 .81072 .59949 .80038 

51 .53567 .81055 .59972 .80021 

52 .58590 .81033 .59995 .80003 
; 53 .58614 .81021 .60019 .79986 
i 54 .5S637 .81001 .00042 .79968 

55 .53661 .80987 .60065 .79951 

56 .58684 .S0970 .60089 .79934 

57 .58708 .80953 .60112 .79916 

53 .58731 .80936 .60135 .79899 

59 .58755 .80919 .60158 .79881 

60 .58779 .80902 .60182 .79864 

Cosin Sine Cosin Sine 


l .77715 60 

> .77696 59 
1 .77678 58 
) .77660 57 

> .77641 56 

> .77623 55 

1 .77605 54 1 
) .77586 53 
1.77568 52 
i .77550 51 
1.77531 50 

>.77513 40 
1 .77494 48 
i .77476 47 
.77458 46 
.77439 45 
.77421 44 
.77402 43 
.77384 42 
.77360 41 
.77347 40 

.77329 39 
.77310 38 
.77292 37 
.77273 36 
.77255 35 
.77236 34 
.772 IS 33 
.77199 32 
.77181 31 
.77162 30 

>.77144 29 
t .77125 28 
i .77107 27 
1 .77088 26 

> .77070 25 
! .77051 24 
>.77033 23 
’ .77014 22 
1.76996 21 
l .76977 20 

\ .70959 19 
r .70940 18 
1 .70921 17 I 
l .76903 10 1 
1 .70881 15 

> .76866 14 
1.76847 13 

1 .76828 12 
1.7GS10 11 
3.70791 10 

S 76772 91 

3.70754 8 

3 .76735 7 
5 .76717 6 

7 .76698 5 
9.70079 4 

2 .76661 3 

4 .7664? 2 
6.76623 1 

9 .76604 0 


Cosin Sine Cosin Sine Cosin Sine 







Table of Natural Sines and Cosines 
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40° 

41° | 

48° 1 

43° 1 

44° 1 



Sine | 

Cosin | 

Sine 

Cosin 

Sine 

Cosin 

Sine j 

Cosin 

wmj 



0 



.65006 

.75471 

.66913 

.74314 

.68200' 

.73135 

.69466 

.71934 

60 

1 


.76586 

.65628 

.75452 

.66035 

.74295 

.682211.73116 
.68242 .73096 

.69487 

.71914 

59 

2 

.64323 

Wftfflril 

.65050 

.75433 

.6G95G 

.7427'i 

.69508 

.71894 

58 

3 

.64346 

.70548 

.65672 

.75414 

.06978 

.74256 

.68264 

.73076 

.69529 

.71873 

57 

4 

.64368 

.76530 

.65694 

.75395 

.66999 

.74237 

6S285 

.73056 

.69549 

.71853 

56 

5 

.64390 

.76511 

.65716 

.75375 

.67021 

.74217 

.68306 

.73036 

.69570 

.71833 

55 

6 

.64412 

.70492 

.6573S 

.75356 

.67043 

.74198 

.68327 

.73016 

.09591 

.71813 

54 

7 

.64435 

.76473 

.(>5759 

.75337 

.07064 

.74178 

.68349 

.72996 

.69612 

.7179? 

53 

8 

.64457 

.7G455 

.65781 

.75318 

.67086 

.74159 

.68370 

.72970 

.69633 

.71772 

52 

9 

.64479 

.76436 

.65803 

.75299 

.67107 

.74139 

.68391 

.72957 

.69654 

.71752 

51 

10 

.64501 

.76417 

.65825 

.75280 

.67129 

.74120 

.68412 

.72937 

.69675 

.71732 

50 

11 

.61524 

76398 

.65847 

.75261 

.67151 

.74100 

.68434, 

.72917 

.69696 

.71711 

49 

12 

.64546 

.70380 

.65869 

.75241 

.G7172 

.74080 

.68455 

.72897 

.69717 

.71691 

48 

13 

.64568 

.76361 

.65891 

.75222 

.67194 

.740G1 

.(>8470 

.72877 

.(,9737 

.71671 

47 

14 

.64590 

.76342 

.65913 

.75203 

.07215 

.71011 

.68197 

.72857 

.69758 

.71650 

46 

15 

.64612 

.76323 

.65935 

.75184 

.G7237 

.74022 

.68518 

.72837 

.69779 

.71630 

45 

16 

.64635 

76304 

.65956 

.75165 

.67258 

.74002 

.08539 

.72817 

.69800 

.71610 

44 

17 

.64657 

.7G28C 

.65978 

.75146 

.67280 

.73983 

.68561 

.72797 

.69821 

.71590 

43 

18 

.61679 

.70267 

.60000 

.7512G 

.67301 

.7390,3 

.68582 

.72777 

.69842 

.71569 

42 

19 

.64701 

.76248 

.66022 

.75107 

.67323 

.73944 

.68002 

.72757 

69862 

.71549 

41 

20 

.64723 

.76229 

.66044 

.750SS 

.67344 

.73924 

.68624 

.72737 

.G9883 

.71529 

40 

21 

.64746 

.76210 

.66000 

.75069 

.67360 

.73904 

.68645 

.72717 

.69904 

.71508 

39 

22 

.64708 

.76192 

.66088 

.75050 

.67387 

.73885 

.68066 

.72097 

.69925 

.71488 

38 

23 

.64790 

.76173 

.66109 

.75030 

.67109 

.73805 

.08688 

.72677 

.69946 

.71468 

37 

24 

.61812 

.70154 

.06131 

.75011 

.67430 

.73840, 

.68709 

.72657 

.69966 

.71447 

36 

25 

.648.54 

76135 

.66153 

.74992 

.07452 

.73826 

.68730 

.72037 

.09987 

.71427 

35 

26 

.64850 

76116 

.66175 

.74973 

.67473 

.73806 

.68751 

.72017 

.70008 

.71407 

34 

27 

.64878 

.76097 

.66197 

.74953 

.67495 

.73787 

.68772 

.725^7 

.70029 

.713.80 

23 

28 

.64901 

.70078 

.662IS 

.74934 

.67516 

.73767 

.GS793 

.72577 

.70049 

.71366 

32 

29 

.64923 

.70059 

.66240 

.74015 

.67538 

.73747 

.68814 

.72557 

.70070 

.71345 

31 

30 

.64945 

.76041 

.66262 

.74896 

.07559 

.73728 

.68835 

.72537 

.70091 

.71325 

30 

31 

.64967 

.76022 

.66284 

.74876 

.67580 

.7370S 

.68857 

.72517 

.70112 

71305 

29 

32 

.64989 

.76003 

.66306 

.74857 

.07602 

.73688 

.68878 

.72497 

70132 

.71284 

28 

33 

.65011 

.75984 

.G6327 

.74838 

.67623 

.730G9 

.68899 

.72477 

.70153 

.71264 

27 

34 

.65033 

.75965 

.66349 

.74818 

.G7G45 

.73619 

.68920 

.72457 

.70174 

.71243 

26 

35 

.65055 

.75946 

.60371 

.74799 

.67666 

.73629 

.68941 

.72437 

.70195 

.71223 

25 

36 

.65077 

.75927 

.66393 

.74780 

.676,88 

.73610 

.68962 

.72417 

SD3E 

.71203 

24 

37 

.65100 

.75908 

.66414 

.74700 

.0,7709 

.73590 

.08983 

.72397 

.70230 

.71182 

23 

as 

.65122 

.75889 

.66436 

.74741 

.67730 

.73570 

.69001 

.72377 


.71162 

22 

39 

.65144 

.75870 

.66458 

.74722 

.0,7752 

.73551 

.69025 

.72357 

.70277 

.71141 

21 

40 

.65166 

.75851 

.66480 

.74703 

.67773 

.73531 

.09040 

.72337 

.70298 

.71121 

20 

41 

.65188 

.75832 

.66501 

.74683 

.67795 

.73511 

.69067 

.72317 

.70319 

.71100 

19 

42 

.65210 

.75813 

.66523 

.74664 

.67810 

.73191 

.6905S 

1.72297 

.70339 

.71080 

IS 

43 

.65232 

.75794 

.60545 

.74044 

.67837 

.73472 

.69109 

.72277 

.70300 

.71059 

17 

44 

.65254 

.75775 

.66566 

.74625 

.67859 

.73452 

.69130 

.72257 

.70381 

.71039 

16 

45 

.65270 

.75756 

.66588 

.74606 

.67880 

.73132 

.69151 

.72236 

.70401 

.71019 

15 

40 

.0529S 

.75738 

.66610 

.74580 

.67901 

.73413 

.69172 

.72216 


.70998 

14 

47 

.65320 

.75719 

.66632 

.74567 

.67923 

.73393 

.69193 

.72196 

li 


13 

48 

.65342 

.75700 

.66653 

.74548 

.67941 

.73373 

.69214 

.72176 

Ex < 

hm 8 

12 

49 

G53G4 

.75680 

.66675 

.74528 

.67965 

.73353 

.09235 

.72156 

.70484 

.70937 

11 

50 

.65380 

.75661 

.66697 

.74509 

.67987 

.73333 

.69250 

.72136 

.70505 


10 

51 

.65408 

.75642 

.60718 

.74489 

.6S00S 

.73314 

.69277 

.72116 

.70525 

.70896 

0 

52 

.63430 

.75623 

.66740 

.74470 

.6S029 

.73291 

.69298 

.72095 

.70546 

.70875 

8 

53 

.05452 

.75604 

.66702 

.74 451 

.68051 

.73274 

.69319 

.72075 

.70567 

Be&E 

7 

54 

.05474 

.75585 

.66783 

.74431 

.68072 

.73254 

.69340 

.72055 

.70587 

.70834 

6 

55 

.05496 

.75566 

.66805 

.74412 

ii mm 

.73234 

.69361 

.72035 

.70608 

.70813 

5 

56 

.65518 

.75547 

.66827 

.7*392 

.68115 

.73215 

.69382 

.72015 

.70028 

.70793 

4 

57 

.65540 

.75528 

.60848 

.74373 

.68136 

.73195 

.69403 

.71995 

.70649 

7A772 

3 

58 

.63562 

.75509 

.66870 

.74353 

.68157 

.73175 

.69424 

.71974 

B 

l Efrfefl 

2 

59 


.75490 

.66891 

.74334 

.68179 

.73155 

.69445 

.71954 

.70690 

.70731 

1 

60 

EgjjS 

.75471 

.66913 

74314 

.68200 

.73135 

.69466 

.71934 

.70711 

.70711 

0 

t 

|Coam 

Sine 

Oosin 

Sine 

Cosin 

Sine 

Cos in 

Sine 

Oosin 

Sine 

r 


1 40° 

1 48° 

1 47° 

1 46° 

1 4S° 
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Trigonometry 


[Part 1 
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Tang Cotang 


Tang Cotang Tang | Cotang 


12 .21021 

13 .21051 

14 .21682 

15 .21712 
10 .21743 

17 .21773 

18 .21804 

19 .21834 
.21804 


4.56720 
4.56091 
4.55458 
4.54820 
r 4.54196 
r 4.53508 
i 4.52941 
t 4.52316 

► 4.51693 

► 4.51071 


.22200 
.22231 
.22261 1 
.22292 
.22322 
.22353 
.22383 
.22414 
.22444 

40 .22475 

41 .22505 

42 .22530 

43 .22507 

44 .22597 

45 .22628 
40 .22658 

47 .22089 

48 .22719 

49 .22750 
.22781 

.22311 
.22842 
.22872 
.22903 

55 .22934 

56 .22964 

57 .22995 

58 .23026 

59 .23056 

60 .23087 


Tang 11 Cotang I Tang 


76 


3.73205 
3.72771 
3.72338 
3.71907 
3.71476 
3.71046 
3.70616 
3.70188 
3.09761 52 
3.69335 51 
3.8S909 50 

3.68485 49 
3.68061 48 
3.67633 
3.67217 
3.00790 
3.66376 
3.65957 
3.65538 
3.65121 
3.64705 

3.64289 39 
3.63874 38 
3.63461 ! 37 
3.63048 
3.62630 
3.62224 
3.61814 
3.61405 
3.60996 
3.60588 

3.60181 
3.59775 
3.59370 
3.58966 
3.58562 
3.59160 
3.57758 
3.57357 
3.56957 
3.56557 20 

3.56159 19 
3.55701 18 
3.55364 17 
3.54968 16 
3.54573 15 
3.54179 14 
3.53785 13 
3.53393 12 
3.53001 11 
3.52609 

3.52219 
3.51829 
3.51441 
3.51053 
3.50666 
3.50279 
3.49894 8 

3.49509 2 

3.49125 1 

3.48741 0 
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Trigonometry 


[Part 1 


Tang 

Cotang 

Tang 

L'otang 

Tang 

Cotang 

Tang 

Cotang 


.28675 

3.48741 

.30573 

3.27085 

.32492 

3.07768 

.34433 

2.90421 

60 

.28706 

3.48359 

.30605 

3.26745 

.32524 

3.07464 

.34465 

2.90147 

59 

.28738 

3.47977 

.30637 

3.26406 

.32556 

3.07160 

.34498 

2.89873 

58 

.28769 

3.47596 

.30669 

3.26067 

.32588 

3.06857 

.34530 

2.89600 

57 

.28800 

3.47216 

.30700 

3.25729 

.32621 

3.06554 

.34563 

2.89327 

56 

.28832 

3.46837 

.30732 

3.25392 

.32653 

3.00252 

.34590 

2.89055 

55 

.28864 

3.46458 

.30761 

3.25055 

.32085 

3.05950 

.34628 

2.88783 

54 

.28SP5 

3.460S0 

.30796 

3.24719 

.32717 

3.056*9 

.34661 

2.88511 

53 

.28927 

3.45703 

.30828 

3.24383 

.32749 

3.05349 

.34693 

2.88240 

52 

.28958 

3.45327 

.30860 

3.24049 

.32782 

3.05049 

.34720 

2.87970 

51 

.28990 

3.44951 

.30891 

3.23714 

.32814 

3.04749 

.34758 

2.S7700 

50 

.29021 

3.44576 

.30923 

3.23381 

.32846 

3.04450 

.34791 

2.87430 

49 

.29053 

3.44202 

.30955 

3.23048 

.32878 

3.04152 

.34824 

2.87161 

48 

.29084 

3.43829 

.30987 

3.22715 

.32911 

3.03854 

.34856 

2.86892 

47 

.29116 

3.43456 

.31019 

3.22384 

.32943 

3.03556 

.34889 

2.86624 

46 

.29147 

3.43084 

.31051 

3.22053 

.32975 

3.03200 

.34922 

2.86356 

45 

.29179 

3.42713 

.31083 

3.21722 

.33007 

3.02963 

.34954 

2.86089 

44 

.29210 

3.42343 

.31115 

3.21392 

.33040 

3.026G7 

.34987 

2.85822 

43 

.29242 

3.41973 

.31117 

3.21063 

.33072 

3.02372 

.35020 

2.85555 

42 

.29274 

3.41604 

.31178 

3.20734 

.33104 

3.02077 

.35052 

2.85289 

41 

.29305 

3.41236 

.31210 

3.20406 

.33136 

3.01783 

.35085 

2.85023 

40 

.29337 

3.40869 

.31242 

3.20079 

.33169 

3.01489 

.35118 

2.84758 

39 

.29368 

3.40502 

.31274 

3.19752 

.33201 

3.01196 

.35150 

2.84494 

38 

.29400 

3.40136 

.31306 

3.19426 

.33233 

3.00903 

.35183 

2.84229 

37 

.29432 

3.39771 

.31338 

3.19100 

.33266 

3.00611 

.35216 

2.83965 

26 

.29463 

3.39406 

.31370 

3.18775 

.33298 

3.00319 

.35248 

2.83702 

35 

.29495 

3.39042 

.31402 

3.18451 

.33330 

3.00028 

.35281 

2.83439 

34 

.29526 

3.38679 

.31434 

3.18127 

.33363 

2.99738 

.35314 

2.83176 

33 

.29558 

3.38317 

.31466 

3.17804 

.33395 

2.99447 

.35340 

2.82914 

32 

.29590 

3.37955 

.31498 

3.17481 

.33427 

2.99158 

.35379 

2.82653 

31 

.29621 

3.37594 

.31530 

3.17159 

.33460 

2.98S68 

.35412 

2.82391 

30 

.29653 

3.37234 

.31562 

3.16838 

.33492 

2.98580 

.35445 

2.82130 

29 

.29685 

3.36875 

.31594 

3.16517 

.33524 

2.98292 

.35477 

2.81870 

28 

.29716 

3.36516 

.31626 

3.16197 

.33557 

2.98004 

.35510 

2.81610 

27 

.29748 

3.36158 

.31658 

3.15877 

.33589 

2.97717 

.35543 

2.81350 

26 

.29780 

3.35800 

.31690 

3.15558 

.33621 

2.97430 

.35576 

2.81091 

25 

.29811 

3.35443 

.31722 

3.15240 

.33654 

2.97144 

.35608 

2.80833 

24 

.29843 

3.35087 

.31751 

3.14922 

.33686 

2.96858 

.35641 

2.80574 

23 

.29875 

3.34732 

.31786 

3.14605 

.33718 

2.96573 

.35674 

2.80316 

22 

.29906 

3.34377 

.31818 

3.14288 

.33751 

2.96288 

.35707 

2.80059 

21 

.29938 

3.34023 

.31850 

3.13972 

.33783 

2.96004 

.35740 

2.79802 

20 

.29970! 

3.33670 

.31882 

3.13656 

.33816 

2.95721 

.35772 

2.79545 

19 

.30001 

3.33317 

.31914 

3.13341 

.33848 

2.95437 

.35805 

2.79289 

18 

.30033 

3.32965 

.31946 

3.13027 

.33881 

2.95155 

.35838 

2.79033 

17 

.30065 

3.32614 

.31978 

3.12713 

.33913 

2.94872 

.35871 

2.78778 

16 

.30097 

3.32264 

.32010 

3.12400 

.33945 

2.94591 

1 .35904 

2.78523 

15 

.30128 

3.31914 

.32042 

3.12087 

.33978 

2.94309 

.35937 

2.78269 

14 

.30160 

3.31565 

.32074 

3.11775 

.34010 

2.94028 

.35909 

2.78014 

13 

.30192 

3.31216 

.32106 

3.11464 

.34043 

2.93748 

.30002 

2.77761 

12 

.30224 

3.30868 

.32139 

3.11153 

.34075 

2.93468 

.30035 

2.77507 

11 

.30255 

3.30521 

.32171 

3.10842 

.34108 

2.93189 

.36068 

2.77254 

10 

.30287 

3.30174 

.32203 

3.10532 

.34140 

2.92910 

.36101 

2.77002 

9 

.30319 

3.29829 

.32235 

3.10223 

.34173 

2.92632 

.36134 

2.76750 

8 

.30351 

3.29483 

.32267 

3.09914 

.34205 

2.92354 

.36167 

2.76498 

7 

.30382 

3.29139 

.32299 

3.09606 

.34228 

2.92076 

.36199 

2.76247 

6 

.30414 

3.28795 

.32331 

3.09298 

.34270 

2.91799 

.36232 

2.75996 

5 

.30446 

3.28452 

.32363 

3.08991 

.34303 

2.91523 

.36265 

2.75746 

4 

.30478 

3.28109 

.32396 

3.08685 

.34335 

2.91246 

.36298 

2.75496 

3 

.30509 

3.27767 

.32428 

3.08379 

.34368 

2.90971 

.36331 

2.75246 

1 

.30541 

3.27426 

.32460 

3.08073 

.34400 

2.90696 

.36364 

2.74997 

0 

1.30573 

3.27085 

.32492 

3.07768 

.34433 

2.90421 

.36397 

2.74748 

2 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 
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SO’ 1 

21’ 1 

as’ 1 

S3® 



Tang 

Co tang 

Tang 

Cotang 

Tang 

Cotang 

Tang 



0 

.36397 

2.74748 

.38386 

2.60509 

.40403 

2.47509 

.42447 

2.35585 

60 

1 

.36430 

2.74499 

.38420 

2.00283 

.40430 

2.47302 

.42482 

2.35395 

59 

2 

.36463 

2.74251 

.38453 

2.60057 

.40470 

2.47095 

.42516 

2.35205 

58 

3 

.36490 

2.74004 

.38487 

2.59831 

.40504 

2.46888 

.42551 

2.35015 

57 

4 

.36529 

2.73756 

.38520 

2.59600 

.40538 

2.46682 

.42585 

2.34825 

56 

6 

.36562 

2.73509 

.38553 

2.59381 

.40572 

2.46476 

.42619 

2.34636 

55 

6 

.36595 

2.73203 

.38587 

2.59156 

.40006 

2.46270 

.42654 

2.34447 

54 

7 

.36628 

2.73017 

.38620 

2.58932 

.40640 

2.46065 

.426S8 

2.34258 

53 

8 

.36661 

2.72771 

.38654 

2.58708 

.40674 

2.45860 

.42722 

2.34069 

52 

9 

.36694 

2.72526 

.38687 

2.58484 

.40707 

2.45055 

.42757 

2.33881 

51 

10 

.36727 

2.72281 

.38721 

2.58261 

.40741 

2.45451 

.42791 

2.33693 

50 

11 

.36760 

2.72036 

.38754 

2.58038 

.40775 

2.45246 

.42826 

2.33505 

49 

12 

.36793 

2.71792 

.38787 

2.57815 

.40809 

2.45043 

.42860 

2.33317 

48 

13 

.36826 

2.71548 

.38821 

2.57593 

.40843 

2.44839 

.42894 

2.33130 

47 

14 

.36859 

2.71305 

.38854 

2.57371 

.40877 

2.44030 

.42929 

2.32943 

46 

15 

.36892 

2.71062 

.38888 

2.57150 

.40911 

2.44433 

.42963 

2.32756 

45 

16 

.36925 

2.70819 

.3S921 

2.56928 

.40945 

2.44230 

.42998 

2.32570 

44 

17 

.36958 

2.70577 

.38955 

2.56707 

.40979 

2.44027 

.43032 

2.32383 

43 

IS 

.36991 

2.70335 

.38988 

2.56487 

.41013 

2.43825 

.43067 

2.32197 

42 

19 

.37024 

2.70094 

.39022 

2.56200 

.41047 

2.43023 

.43101 

2.32012 

41 

20 

.37057 

2.69853 

.39055 

2.56046 

.41081 

2.43422 

.43136 

2.31826 

40 

21 

.37090 

2.69612 

.39089 

2.55827 

.41115 

2.43220 

.43170 

2.31641 

39 

22 

.37123 

2.69371 

.39122 

2.55608 

.-11149 

2.43019 

.43205 

2.31456 

38 

23 

.37157 

2.69131 

.39156 

2.553S9 

.411S3 

2.42819 

.43239 

2.31271 

37 

24 

.37190 

2.68892 

.39190 

2 55170 

.41217 

2.42G18 

.43274 

2.31086 

36 

25 

.37223 

2.68653 

.39223 

2.54952 

.41251 

2.42418 

.43308 

2.30902 

35 

26 

.37236 

2.68414 

.39257 

2.54734 

.41285 

2.42218 

.43343 

2.30718 

34 

27 

.37289 

2.68175 

.39290 

2.5451G 

.41319 

2.42019 

.43378 

2.30534 

33 

28 

.37322 

2.67937 

.39324 

2.54299 

.41353 

2.41S19 

.43412 

2.30351 

32 

29 

.37355 

2.67700 

.39357 

2.54082 

.41387 

2.41620 

.43447 

2.30167 

31 

30 

.37388 

2.67462 

.39391 

2.53865 

.41421 

2.41421 

.43481 

2.29984 

30 

31 

.37422 

2.67225 

.39425 

2.53648 

.41455 

2,41223 

.43516 

2.29801 

29 

32 

.37455 

2.66989 

.39458 

2.53432 

.41490 

2.41025 

.43550 

2.29619 

28 

33 

.37188 

2.66752 

.39492 

2.53217 

.41524 

2.40827 

.43585 

2.29437 

27 

34 

.37521 

2.66516 

.39526 

2.53001 

.41558 

2.40629 

.43620 

2.29254 ] 

26 

35 

.37554 

2.66281 

.39559 

2 52780 

.41592 

2.40432 

.43654 

2.29073 

25 

36 

.37588 

2.6604G 

.39593 

2 52571 

.41626 

2.40235 

.43689 

2.2S891 

24 

37 

.37621 

2.6581 i 

.39626 

2.52357 

.41660 

2.40038 

.43724 

2.28710 

23 

38 

.37654 

2.65576 

.39660 

2 52142 

.41694 

2.39841 

.43758 

2.28528 

22 

39 

.37087 

2 65342 

.39694 

2.51929 

.41728 

2.39645 

.43793 

2.28348 

21 

40 

.37720 

2.65109 

.39727 

2.51715 

.41763 

2.39449 

.43828 

2.28167 | 

20 

41 

.37754 

2.64875 

.39761 

2.51502 

.41797 

2.39253 

.43862 

2.27987 

19 

42 

.37787 

2.64642 

.39795 

2.51289 

.41831 

2.39058 

.43897 

2.27806 

18 

43 

.37820 

2.64410 

.39829 

2.51076 

.11865 

2.38863 

.43932 

2.27626 

17 

44 

.37853 

2.64177 

.39862 

2.50864 

.41899 

2.38068 

.43966 

2.27447 

16 

45 

.37887 

2.63945 

.39896 

2.50G52 

.41933 

2.38473 

.44001 

2.27267 

15 

46 

.37920 

2.63714 

.39930 

2.50440 

.419GS 

2.38279 

.44036 

2.27088 

14 

47 

.37953 

2.63483 

.39963 

2.50229 

.42002 

2.38084 

.44071 

2.20909 

13 

4S 

.37986 

2.63252 

.39997 

2.50018 

.42036 

2.37891 

.44105 

2.26730 

12 

40 

.38020 

2.63021 

.40031 

2.49807 

.42070 

2.37697 

.44140 

2.26552 

11 

50 

.38053 

2.62791 

.40065 

2.49597 

.42105 

2.37501 

.44175 

2.26374 

10 

51 

.38080 

2.62561 

.40098 

2.493S6 

.421391 

2.37311 

.44210 

2.26196 

9 

52 

.38120 

2.62332 

.40132 

2.49177 

.42173 

2.37118 

.44244 

2.26018 

8 

53 

.38153 

2.62103 

.40166 

2.48967 

.42207 

2.36925 

.44279 

2.25840 

7 

54 

.38186 

2.61874 

.40200 

2.48758 

.42242 

2.36733 

.44314 

2.25663 

6 

55 

.38220 

2.61646 

.40234 

2.48549 

.42276 

2.36541 

.44349 

2.25486 

5 

56 

.38253 

2.61418 

.40267 

2.48340 

.42310 

2.36349 

.44384 

2.25309 

4 

57 

.38286 

2.61190 

.40301 

2.48132 

.42345 

2.36158 

.44418 

2.25132 

3 

58 

.38320 

2.60963 

.40335 

2.47924* 

.42379 

2.35967 

.44453 

2.24956 

2 

59 

.38353 

2.60736 

.40369 

2.47716 

.42413 

2.35776 

.44488 

2.24780 

1 

60 

.38386 

2.60509 

.40403 

2.47509 

.42447 

2.355S5 

.44523 

2.24604 

0 

* 

Cotarig 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

9 


69° 

1 68° 1 

1 67’ 1 

€ 














110 


Trigonometry 


[Part 1 



Tang 

Co tang 


Tang 

Cotang 

Tang Cotang 


0 

.44523 

2.24604 

.46631 

2.14451 

.48773 

2.05030 

.50953 1.96261 

GO 

1 

.44558 

2.24428 

.40666 

2.14288 

.48809 

2.04S79 

.50989 1.96120 

59 

2 

.44593 

2.24252 

.46702 

2.14125 

.48845 

2.04728 

.51026 1.95979 

58 

3 

.44627 

2.24077 

.46737 

2.13903 

.48881 

2.04577 

.51063 1.95838 

57 

4 

.44662 

2.23902 

.46772 

2.13801 

.48917 

2.04426 

.51099 1.95698 

56 

5 

.44697 

2.23727 

.46808 

2.13639 

.4S953 

2.04276 

.51136 1.95557 

55 

6 

.44732 

2.23553 

.46843 

2.13477 

.48989 

2.04125 

.51173 1.95417 

54 

7 

.44767 

2.23378 

.46S79 

2.13316 

.49026 

2.03975 

.51209 1.95277 

53 

8 

.44802 

2.23204 

.40914 

2.13154 

.49062 

2.03825 

.51246 1.95137 

52 

0 

.44837 

2.23030 

.46950 

2.12993 

.49098 

2.03675 

.51283 1.94997 

51 

10 

.44872 

2.22857 

.46985 

2.12832 

.49134 

2.03526 

.51310 1.91858 

50 

11 

.44907 

2.22683 

.47021 

2.12671 

.49170 

2.03376 

.51356 1.94718 

49 

12 

.44942 

2.22510 

.47056 

2.12511 

.49206 

2.03227 

.51393 1.94579 

48 

13 

.44977 

2.22337 

.47092 

2.12350 

.49242 

2.03078 

.51430 1.94440 

47 

14 

.45012 

2.22164 

.47128 

2.12190 

.49278 

2.02929 

.51467 1.94301 

46 

15 

.45047 

2.21992 

.47163 

2.12030 

.49315 

2.02780 

.51503 1.94162 

45 

ir, 

.45082 

2.21819 

.47199 

2.11871 

.49351 

2.02031 

.51540 1.94023 

44 

17 

.45117 

2.21647 

.47234 

2.11711 

.49387 

2.02483 

.51577 1.93885 

43 

18 

.45152 

2.21475 

.47270 

2.11552 

.49423 

2.02335 

.51614 1.93746 

42 

19 

.45187 

2.21304 

.47305 

2.11392 

.49459 

2.021S7 

.51651 1.93608 

41 

20 

.45222 

2.21132 

.47341 

2.11233 

.49495 

2.02039 

51688 1.93470 

40 

21 

.45257 

2.20961 

.47377 

2.11075 

.49532 

2.01891 

.51724 1.93332 

39 

22 

.45292 

2.20790 

.47412 

2.10016 

.49508 

2.01743 

.51761 1.93195 

38 

23 

.45327 

2.20619 

.47448 

2.10758 

.49604 

2.01596 

.51798 1.93057 

37 

24 

.45362 

2.20449 

.47483 

2.10C00 

.49640 

2.01449 

.51335 1.92920 

36 

25 

.45397 

2.20278 

.47519 

2.10412 

.49677 

2.01302 

.51872 1.92782 

35 

26 

.45432 

2.20108 

.47555 

2.10284 

.49713 

2.01155 

.51909 1.92645 

34 

27 

.45467 

2.19938 

.47590 

2.10120 

.49749 

2.01008 

.61946 1.92508 

33 

28 

.45502 

2.19769 

.47626 

2.099G0 

.49786 

2.00862 

.51983 1.92371 

32 

29 

.45538 

2.19599 

.47662 

2.09811 

.49S22 

2.00715 

.52020 1.92235 

31 

30 

.45573 

2.19430 

.47098 

2.09054 

.49858 

2.00569 

.52057 1.92098 

30 

31 

.45608 

2.19261 

.47733 

2.09498 

.49894 

2.00423 

.52094 1.91962 

29 

32 

.45643 

2.19092 

.47769 

2.09341 

.49931 

2.00277 

.52131 1.91826 

28 

33 

.45678 

2.18923 

.47805 

2.09184 

.49007 

2.00131 

.52168 1.91690 

27 

34 

.45713 

2.18755 

.47840 

2.09028 

.50004 

1.99986 

.52205 1.91552 

26 

35 

.45748 

2.18587 

.47876 

: 2.08S72 

.50040 

1.99841 

.52242 1.91414 

25 

36 

.45784 

2.18419 

.47912 

2.08716 

.50076 

1.99695 

.52279 1.91288 

24 

37 

.45819 

2.18251 

.47948 

2.03500 

.50113 

1.99550 

.52316 1.91142 

23 

28 

.45854 

2.18084 

.47984 

2.08405 

.50149 

1.99400 

.52353 1.91017 

22 

39 

.45889 

2.17916 

.48019 

2.08250 

.50185 

1.99261 

.52390 1.9087G 

21 

40 

.45924 

2.17749 

.48055 

2.08094 

.50222 

1.99116 

.52427 1.90741 

20 

41 

.45960 

2.17582 

.48091 

£07939 

.50258 

1.98972 

.52464 1.90607 

19 

42 

.45995 

2.17416 

.43127 

2.07785 

.50295 

1.98828 

.52501 1.90472 

18 

43 

.46030 

2.17249 

.48163 

2.07630 

.50331 

1.98684 

.52538 1.90337 

17 

44 

.46065 

2.17083 

.48198 

2.07476 

.50368 

1.98540 

.52575 1.90203 

16 

45 

.46101 

2.1G917 

.48234 

2.07321 

.50404 

1.98396 

.52613 1.90069 

15 

46 

.46136 

2.16751 

.48270 

2.07167 

.50441 

1.98253 

.52650 1.89935 

14 

47 

.46171 

2.16585 

.48306 

2.07014 

.50477 

1.98110 

.52687 1.89801 

13 

48 

.46206 

2.16420 

.48342 

2.06860 

.50514 

1.97906 

.52724 1.89667 

12 

49 

.46242 

2.16255 

.48378 

2.06706 

.50550 

1.97823 

.52701 1.80533 

11 

50 

.46277 

2.16090 

.48414 

2.06553 

.50687 

1.97681 

.52798 1.89400 

10 

51 

.40312 

2.15925 

.48450 

2.06400 

.60623 

1.97538 

.52836 1.89266 

g 

52 

.46348 

2.15760 

.48486 

2.06247 

.50660 

1.97395 

.52873 1.89133 

8 

53 

.46383 

2.15596 

.48521 

2.06094 

.50696 

1.97253 

.52910 1.89000 

7 

54 

.46418 

2.15432 

.48557 

2.05942 

.60733 

1.97111 

.52047 1.88867 

6 

55 

.46454 

2.15268 

.48503 

2.05790 

.60769 

1.96969 

.52985 1.88734 

5 

56 

.46489 

2.15101 

.48620 

2.05637 

.50806 

1.96827 

.53022 1.88602 

4 

57 

.46525 

2.14940 

.48665 

2.05485 

.50843 

1.96685 

.53059 1.88469 

3 

58 

.46560 

2.14777 

.48701 

2.05333 

.60879 

1.96544 

.53096 1.88337 

2 

59 

.46595 

2.14614 

.48/37 

2.05182 

.50916 

1.96402 

.53134 1.88205 

1 

60 

.46631 

2.14451 

.48773 

2.06030 

.50953 

1.96261 

.53171 1.88073 

0 

! 

Cotang 

Tang 

Ootang 

Tang 

Cotang 

Tang 

Ootang Tang 

# 
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Tang I Co tang 


0 .53171 

1 .53208 

2 .53240 

3 .53283 

4 .53320 

5 .53358 

6 .53395 

7 .53432 

8 53470 

9 .53507 

10 .53545 

11 .53582 

12 .53620 

13 .53657 

14 .53694 

15 .53732 

16 .53769 

17 .53807 

18 .538 H 

19 .53882 

20 .53920 

21 .53957 

22 .53995 

23 .54032 

24 .54070 

25 .54107 

26 .54145 

27 .54183 

28 .54220 

29 .54258 

30 .54296 

31 .54333 

32 .51371 

33 .54409 

34 .54446 

35 .54484 

36 .54522 

37 .545G0 

38 .54597 

39 .54635 

40 .54673 

41 .54711 

42 .54748 

43 .54786 

44 .54824 

45 .54862 

46 .54900 

47 .54938 

48 .54975 

49 .55013 

50 .55051 

51 .55089 

52 .55127 

53 .55165 

54 .55203 

55 .55241 

56 .55279 

57 .55317 

58 .55355 

59 55393 

60 .55431 


Tang I Cotang 


1.81524 
1.81399 
1.81274 
1.81150 
1.81025 
1.80901 
1.80777 
1.80653 
1.80529 
1.80405 


a 

sh 

Tang 

Cotang 

.57735 

1.73205 

.57774 

1.73039 

.57813 

1.72973 

.57851 

1.72857 

.57890 

1.72741 

.57929 

1.72625 

.57968 

1.72509 

.5S007 

1.72393 

.58016 

1.72278 

.58035 

1.72163 

.58124 

1.72047 

.58162 

1.71932 

.58201 

1.71817 

.58240 

1.71702 

.58279 

1.71588 

.58318 

1.71473 

.58357 

1.71358 

.58396 

1.71244 

.58435 

1.71129 

.58474 

1.71015 

.5S513 

1.70901 

.58552 

1.70787 

.58591 

1.70073 

.58031 

1.7056,0 

.58070 

1.70446 

.58709 

1.70332 

.58748 

1.70219 

.58787 

1.70106 

.58826 

1.69992 

.58805 

1.69879 

.58905 

1.697G6 

.58944 

1.69653 

.5S9S3 

1.69541 

.59022 

1.69428 

.59001 

1.6931G 

.59101 

1.69203 

.59140 

1.G9091 

.59179 

1.68979 

.59218 

1.68866 

.59258 

1.68754 

.59297 

1.68043 

.59336 

1.68531 

.59376 

1.68419 

.59415 

1.6830$ 

.59454 

1.68196 

.59494 

1.68085 

.59533 

1.67974 

.50573 

1.67803 

.59612 

1.07752 

.59651 

1.67641 

.59091 

1.67530 

.59730 

.59770 

.59809 

1.67419 

1.C7309 

1.67198 

.69849 

1.67088 

.59888 

1.66978 

.59928 

1.66867 

.59967 

1.06757 

.60007 

1.06647 

.60046 

1.06538 

.60086 

1.66428 

Cotang 

Tang C 

II 59° II 


31 


Tang Cotang 

.60086 1.66428 60 
.60126 1.66318 59 
.60165 1.66209 5S 
.60205 1.66099 57 
.60245 1.65990 56 
.60284 1.65881 55 
.60324 1.65772 51 
.60304 1.05663 53 
.60403 1.65554 52 
.60443 1.65445 51 
.60483 1.65337 50 

.60522 1.65228 49 
.60562 1.65120 48 
.60602 1.65011 47 
.60642 1.64903 4G 
.60681 1.64795 45 
.60721 1.64687 44 
.60761 1.64579 43 
.60801 1.64471 42 
.60841 1.64363 41 
.608S1 1.64250 40 

.60921 1.64148 39 
.60960 1.64041 38 
.61000 1.63934 37 
.61040 1.63826 36 
.G10S0 1.63719 35 
.61120 1.63612 34 
.61160 1.63505 33 
.61200 1.63398 32 
.61240 1.63292 31 
.61280 1.63185 30 

.61320 1.63079 29 
.61300 1.62972 28 
.61400 1.62860 27 
.61440 1.62760 26 
.61480 1.62654 25 
.61520 1.62548 24 
.61561 1.62442 23 
.61601 1.62336 22 
.01641 1.62230 21 
.G1681 1.62125 20 

.61721 1.62019 19 
.01761 1.61914 18 
.61801 1.61808 17 
.61842 1.61703 16 
.61882 1.61598 15 
.61922 1.61493 14 
.61962 1.613S8 13 
.62003 1.61283 12 
62043 1.61179 11 
620S3 1.61074 10 
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Trigonometry 


[Part 1 



1 32° 

33° 

34" 1 

. 35 ° 



Tun? 

Cotang 

Tang 

Cotan? 

Tang 

Cotang 

Tang 

Cotang 


0 

.62487 

1.60033 

.64941 

1.53980 

.67451 

1.482.56 

.70021 

1.42815 

00 

1 

.62527 

1.59930 

.64982 

1.53888 

.67493 

1.48163 

.70061 

1.42726 

59 

2 

.62568 

1.59820 

.65021 

1.53791 

.G7536 

1.48070 

.70170 

1.4263S 

5S 

3 

.62608 

1.59723 

.65005 

1.53093 

.67578 

1.47977 

.70151 

1.42550 

57 

4 

.62649 

1.59620 

.65106 

1.53595 

.67020 

1.47885 

.70194 

1.42462 

56 

5 

.626S9 

1.59517 

.65148 

1.53497 

.67603 

1.47792 

.70238 

1.42374 

55 

6 

.62730 

1.59414 

.65189 

1.53400 

.67705 

1.47C99 

.70281 

1.42286 

54 

7 

.62770 

1.59311 

.05231 

1.53302 

.07748 

1.47C07 

.70325 

1.42198 

53 

8 

.62811 

1.59208 

.65272 

1.53205 

.07790 

1.47514 

.70368 

1.42110 

52 

0 

.62852 

1.59105 

.65314 

1.53107 

.07832 

1.47422 

.70112 

1.42022 

51 

10 

.62892 

1.59002 

.65355 

1.53010 

.07875 

1.47330 

.70155 

1.41934 

50 

11 

.62933 

1.58900 

.65397 

1.52913 

.67917 

1.47238 

.70499 

1.41847 

49 

12 

.62973 

1.58797 

.65438 

1.52S1G 

.07900 

1.47146 

.70542 

1.41759 

48 

13 

.63011 

1.58695 

.65480 

1.52719 

.GS002 

1.47053 

.70586 

1.41672 

47 

14 

.63035 

1.5S593 

.65521 

1.52622 

.GS015 

1.40902 

.70G29 

1.41584 

46 

15 

.63095 

1.58490 

.65563 

1.52525 

.GS0S8 

1.46870 

.70673 

1.41497 

45 

10 

.63136 

1.58388 

.65604 

1.52429 

.68130 

1.46778 

.70717 

1.41409 

44 

17 

.63177 

1.58286 

.65646 

1.52332 

.68173 

1.466S6 

.70760 

1.41322 

43 

18 

.63217 

1.58184 

.65688 

1.52235 

.68215 

1.46595 

.70804 

1.41235 

42 

19 

.63258 

1.580S3 

.65729 

1.52139 

.08258 

1.4G503 

.70848 

1.41148 

41 

20 

.63299 

1.57981 

.65771 

1.52043 

.68301 

1.46411 

.70891 

1.41061 

40 

21 

.63340 

1.57879 

.65813 

1.51946 

.68343 

1.10320 

.70935 

1.40974 

39 

22 

.63380 

1.57778 

.65851 

1.51850 

.68386 

1.40229 

.70979 

1.40887 

38 

23 

.63421 

1.57676 

.65S96 

1.51751 

.68429 

1.46137 

.71023 

1.40800 

37 

24 

.63462 

1.57575 

.65938 

1.51058 

.68471 

1.4G046 

.71066 

1.40711 

36 

25 

.63503 

1.57471 

.059S0 

1.51502 

.68514 

1.45955 

.71110 

1.40627 

35 

26 

.63514 

1.57372 

.66021 

1.51406 

.68557 

1.45864 

.71154 

1 40540 

34 

27 

.635S4 

1.57271 

.G60G3 

1.51370 

.68000 

1.45773 

.71198 

1.40454 

33 

28 

.63625 

1.57170 

.66105 

1.51275 

.GS042 

1.453S2 

.71242 

1.40367 

32 

29 

.63660 

1.57009 

.GO147 

1.51179 

.68085 

1.45592 

.71285 

1.40281 

31 

30 

.63707 

1.569C9 

.GG189 

1.51084 

.63728 

1.45501 

.71329 

1.40195 

30 

31 

.63748 

1.56868 

.66230 

1.50988 

.68771 

1.45410 

.71373 

1.40109 

29 

32 

.63789 

1.56767 

.66272 

1.50893 

.6 8811 

1.45320 

.71417 

1 40022 

28 

33 

.63830 

1.56667 

.63314 

1.50797 

.68857 

1.45229 

.71461 

1.39936 

27 

31 

.03.871 

1.56506 

.60356 

1.50702 

.68900 

1.45139 

.71505 

1.39850 

26 

35 

.63912 

1.56466 

.66398 

1.50007 

.G8942 

1.45049 

.71549 

1.39764 

25 

36 

.63953 

1 1.563*6 

.66440 

1.50512 

.68985 

1.44958 

.71593 

1.39679 

24 

37 

.63994 

1.56265 

.66482 

1.50417 

.G902S 

1.44808 

.71637 

1.39593 

23 

38 

.64035 

1.56165 

.66524 

1 50322 

.69071 

1.44778 

.71681 

1.39507 

22 

39 

.64076 

1.56065 

.66566 

1.50228 

.69111 

1.44688 

.71725 

1.39421 

21 

40 

.64117 

1.55966 

.60608 

1.50133 

.09157 

1.44598 

.71769 

1.39336 

20 

41 

.64158 

1.5.5866 

.66650 

1.50038 

.69200 

1.44508 

.71813 

1.39250 

19 

42 

.64199 

1.557G6 

.66092 

1.49944 

.69243 

1.44418 

.71857 

1.39165 

18 

43 

.64240 

1.55666 

.GG734 

1.49849 

.69280 

1.44329 

.71901 

1.39079 

17 

44 

.64281 

1.55567 

.66776 

1.49755 

.69329 

1.44239 

.71946 

1.38994 

16 

45 

.64322 

1.55467 

.66818 

1.496G1 

.69372 

1.44149 

.71990 

1.38909 

15 

46 

.64303 

1.55308 

.66800 

1.49566 

.69416 

1.44000 

.72034 

1.38824 

14 

47 

.64404 

1.55269 

.60902 

1.49472 

.69459 

1.43970 

.72078 

1.38738 

13 

48 

.64446 

1.55170 

.66944 

1.49378 

.69502 

1.43S81 

.72122 

1.38653 

12 

49 

.64487 

1.55071 

.60986 

1.49284 

.69545 

1.43792 

.72167 

1.3S568 . 

11 

50 

.64528 

1.54972 

.67028 

1.49190 

.69588 

1.43703 

.72211 

1.38484 

10 

51 

.64569 

1.54873 

.67071 

1.49097 

.69631 

1.43014 

.72255 

1.38399 

9 

i « 

.64610 

1.54774 

.67113 

1.49003 

.G9675 

1.43525 

.72299 

1.38314 

8 

53 

.64652 

1.54675 

.67155 

1.48909 

.69718 

1.43436 

.72344 

1.38229 

7 

54 

.64693 

1.54576 

.67197 

1.48816 

.69761 

1.43347 

.72388 

1.38145 

6 

55 

.64731 

1.54478 

.67239 

1.48722 

.09804 

1.43258 

.72432 

1.38060 

5 

56 

.64775 

1.54379 

.67282 

1.48629 

.69847 

1.43169 

.72477 

1.37976 

4 

57 

.64817 

1.54281 

.67324 

1.48536 

.69891 

1.43080 

.72521 

1.37891 

3 

58 

.64858 

1.54183 

.67366 

1.48442 

.69934 

1.42992 

.72505 

1.37807 

2 

59 

.64899 

1.54085 

.67409 

1.48349 

.69977 

1.42903 

.72610 

1.37722 

1 

GO 

.64941 

1.53986 

.67451 

1.48256 

.70021 

1.42815 

.72654 

1.37638 

0 

» 

Cotan? 

Tan? 

Cotan? 

Tan? 

Cotang 

Tang 

Cotan? 

Tang 

# 


r> T * 

56° 1 

1 
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36° 1 

37° I 

_ 38°_ 1 

so" 



Tang 

Cotang 

Tang 

Cotang 

T&ng 

Cotang 

lang 

Cotang 


0 

.72051 

1.37638 

.75355 

1.32704 

.78129 

1.27994 

.80978 

1.23490 

60 

1 

.72099 

1.37554 

.7.5401 

1.32024 

.78175 

1.27917 

.81027 

1.23416 

59 

2 

.72713 

1.37470 

.75447 

1.32544 

.78222 

1.27841 

.81075 

1.23343 

58 

3 

.72788 

1.37380 

.75492 

1.32404 

.78209 

1.27704 

.81123 

1.23270 

57 

4 

.72832 

1.37302 

.75538 

1.32384 

.78316 

1.27688 

.SI171 

1.23190 

50 

5 

.72877 

1.37218 

.755S4 

1.32304 

.78363 

1.27011 

.81220 

1.23123 

55 

6 

.72921 

1.37134 

.75029 

1.32224 

.78410 

1.27535 

.81208 

1.23050 

54 

7 

.72960 

1.37050 

.75075 

1.32114 

.78457 

1.27458 

.81316 

1.22977 

53 

8 

.73010 

1.36907 

.75721 

1.32004 

.78504 

1 27382 

.81304 

1.22904 

52 

9 

.73055 

1.30883 

.75767 

1.31984 

.78551 

1.27300 

.81413 

1.22831 

51 

10 

.73100 

1.36800 

.75812 

1.31904 

.78598 

1.27230 

.81461 

1.22758 

50 

11 

.73144 

1.36710 

.75858 

1.31825 

.78645 

1.27153 

.81510 

1.22685 

49 

12 

.73189 

1.30633 

.75904 

1.31745 

.78092 

1.27077 

.81558 

1.22612 

48 

13 

.73231 

1.30549 

.75950 

1.31000 

.78739 

1.27001 

.81GOO 

1.22539 

47 

14 

.7327S 

1 30460 

.75990 

1.31586 

.787*6 

1.26925 

.81655 

1.22167 

46 

15 

.73323 

1.30383 

.76042 

1.31507 

.78834 

1.26849 

.81703 

1.22394 

45 

16 

.73308 

1.36300 

.70088 

1.31427 

.78881 

1.26774 

.81752 

1.22321 

44 

17 

.73113 

1.30217 

.70134 

1.31348 

.78928 

1.26698 

.81800 

1.22249 

43 

18 

.73457 

1.36134 

.70180 

1.21209 

.78975 

1.26622 

.81849 

1.22176 

42 

19 

.73502 

1.30061 

.76226 

1.31190 

.79022 

1.26546 

.81898 

1.22104 

41 

20 

.73547 

1.35908 

.70272 

1.31110 

.79070 

1.26471 

.81940 

1.22031 

40 

21 

.73592 

1.35885 

.76318 

1.31031 

.79117 

1.26395 

.81995 

1.21959 

39 

22 

.73637 

1.35802 

.70364 

1.30952 

.79104 

1.2G319 

.82044 

1.21886 

38 

23 

.73081 

1.135719 

.76410 

1.30873 

.79212 

1.26244 

.82092 

1.21814 

37 

2 i 

.73720 

1.35637 

.70450 

1.30795 

.79259 

1.26169 

.82141 

1.21742 

36 

25 

.73771 

1.35554 

.70502 

1.30716 

.79306 

1.26093 

.82190 

1.21670 

35 

20 

.73816 

1.35472 

.70548 

1.30637 

.79354 

1.2601S 

.82238 

1 2159S 

34 

27 

.73801 

1.35389 

.76594 

1.30558 

.79401 

1.25943 

.82287 

1.21526 

33 

28 

.73900 

1.35307 

.70040 

1.30480 

.79419 

1.25867 

.82330 

1.21454 

32 

29 

.73951 

1.35224 

.70086 

1.30401 

.79496 

.79544 

1.25792 

.82385 

1.21382 

31 

30 

.73990 

1.35142 

.76733 

1.30323 

1.25717 

.82434 

1.21310 

30 

31 

.74041 

1.35060 

.76779 

1.30244 

.79591 

1.25042 

.82483 

1.21238 

29 

32 

.74086 

1.34978 

.76825 

1.30160 

.79639 

1.25567 

.S2531 

1.21166 

28 

33 

.71131 

1.34890 

.7G871 

1.30087 

.79086 

1.25492 

.82580 

1.21094 

27 

34 

.71176 

1.34814 

.70918 

1.30009 

.79734 

1.25417 

.82629 

1.21023 

26 

35 

.74221 

1.34732 

.70904 

1.29931 

.79781 

1.25343 

.82678 

1.20951 

25 

36 

.74207 

1.34050 

.77010 

1.29853 

.79829 

1.252G8 

.82727 

1.20879 

24 

37 

.74312 

3.34508 

.77057 

1.29775 

.79877 

1.25193 

.S2776 

1.20808 

23 

38 

.74357 

1.34487 

.77103 

1.29090 

.79924 

1.25118 

.82825 

1.20736 

22 

39 

.74402 

1.34^05 

.77149 

1.29G18 

.79972 

1.25044 

.82874 

1.20665 

21 

40 

.74447 

1.34223 

.77196 

1.29541 

.80020 

1.24969 

.82923 

1.20593 

20 

41 

.74192 

1.34242 

.77242 

1.29463 

.80067 

1.24895 

.82972 

1.20522 

19 

42 

.74538 

1.34100 

.77289 

1.29385 

.80115 

1.24820 

.83022 

1.20451 

18 

43 

.74583 

1.34079 

.77335 

1.29307 

.80163 

1.24740 

.83071 

1.20379 

17 

*4 

.74028 

1.33998 

.77382 

1.29229 

.80211 

1.24672 

.83120 

1.2030* 

16 

45 

.74074 

1.33910 

.77428 

1.29152 

.80258 

1.24597 

.83169 

1.20237 

15 

40 

.74719 

1.33825 

.77475 

1.29074 

.80306 

1.24523 

.83218 

1.20166 

14 

47 

.74701 

1.33754 

.77521 

1.28997 

.80354 

1.24449 

.83268 

1.20095 

13 

48 

.74810 

1.33073 

.77568 

1.28919 

.80402 

1.24375 

.83317 

1.20024 

12 

49 

.74855 

1.33592 

.77015 

1.2S842 

.80450 

1.24301 

.83366 

1.19953 

11 

50 

.74900 

1.33511 

.77001 

1.28764 

.80498 

1.24227 

.83415 

1.19882 

10 

51 

.74946 

1.33430 

.77708 

1.28687 

.80546 

1.24153 

.83465 

1.19811 

9 

52 

.74991 

1.33349 

.77754 

1.28610 

.80594 

1.24079 

.83514 

1.19740 

8 

53 

.75037 

1.33208 

.77801 

1.28533 

.80642 

1.24006 

.83564 

1.19669 

7 

54 

.75982 

1.33187 

.77848 

1.28450 

.80690 

1.23931 

.83613 

1.19599 

6 

55 

.75128 

1.33107 

.77895 

1.28379 

.80738 

1.23858 

.83662 

1.19528 

5 

50 

.75173 

1.33026 

.77941 

1.28302 

.80780 

1.23784 

.83712 

1.19457 

4 

57 

.75219 

1.32946 

.77988 

1.28225 

.80834 

1.23710 

.SS^l 

1.19387 

3 

58 

.75204 

1.32865 

.78035 

1.28148 

.80882 

1.23037 

.83811 

1.19316 

2 

59 

.75310 

1.32785 

.78082 

1.28071 

.80930 

1.23503 

.83860 

1.19246 

1 

00 

.75355 

1.32704 

.78129 

1.27994 

.80978 

1.23490 

.83910 

1.19175 

0 

/ 

Cotang 

Tang 

Cotang 

Tang 

Co tang 

Tang 
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1.04888 22 
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.90232 1 
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.96344 1 
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1.00004 

1.00007 

1 00011 

1 00015 
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1 00015 

1 00021 

1 00027 

1 00034 

1 00042 

1 00051 

1 00061 

88 

2 

1 00061 

1 00072 

1 OOOS3 

1 00095 

1 00108 

1 00122 

1 00137 

87 

3 

1 00137 

1 00153 

1 00169 

1 00187 

1 00205 

1 00224 

1 00244 

86 

4 

1 00244 

1 00265 

1 00287 

1 00309 

1 00333 

1 00357 

1 00382 

85 

5 

1 00382 

1 00408 

1 00435 

1 00463 

1 00491 

1 00521 

1 00551 

84 

6 

1 00551 

1 005S2 

1 00614 

1 00647 

1 00081 

1 00715 

1 00751 

83 

7 

1 00751 

1 00787 

1 00825 

1 00863 

1 00902 

1 00942 

1 00983 

82 

8 

1 00983 

1 01024 

1 01067 

1 01111 

1 01155 

1 01200 

1 01247 

81 

9 

1 01247 

1 01294 

1 01342 

1 01391 

1 01440 

1 01491 

1 01543 

80 

10 

1 01543 

1 01595 

1 01649 

1 01703 

1 01758 

1 01815 

1 01872 

79 

11 

1 01872 

1 01930 

1 01989 

1 02049 

1 02110 

1 02171 

1 02234 

78 

12 

1 02234 

1 02298 

1 02362 

1 02428 

1 02494 

1 02562 

1 02630 

77 

13 

1 02630 

1 02700 

1 02770 

1 02842 

1 02914 

1 02987 

1 03061 

76 

14 

1 03061 

1 03137 

1 03213 

1 03290 

1 03368 

1 03447 

1 03528 

75 

15 

1 03528 

1 03609 

1 03691 

1 03774 

1 03858 

1 03944 

1 04030 

74 

16 

1.04030 

1 04117 

1 04206 

1 04295 

1 04385 

1 04477 

1 04569 

73 

17 

1 04569 

1 04663 

1 04757 

1 04853 

1 04950 

1 05047 

1 05146 

72 

18 

1 05146 

1 05246 

1 05347 

1 05149 

1 05552 

1 05057 

1 05762 

71 

19 

1 05762 

1 05869 

1 05976 

1 06085 

1 06195 

1 0(5306 

1 06418 

70 

20 

1 06418 

1 06531 

1 06645 

1 06701 

1 06878 

1 06995 

1 07115 

69 

21 

1 07115 

1 07235 

1 07356 

1 07479 

1 07602 

1 07727 

1 07853 

68 

22 

1 07853 

1 07981 

1 08109 

1 08239 

1 08370 

1 08503 

1 08636 

67 

23 

1 08636 

1 08771 

1 08907 
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1 09183 

1 09323 

1 09464 

66 

24 
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1 09750 

1 09895 

1 10041 

1 10189 

1 10338 

65 

25 

1 10338 

1 10488 
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1 10793 

1 10947 

1 11103 

1 11260 

64 

26 

1 11260 

1 11419 

1 11579 
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1 11903 

1 12067 

1 12233 

63 

27 

1 12233 

1 12400 

1 12568 
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1 12910 

1 13083 
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62 

28 
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82 
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7 03962 
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6 76547 

6 63633 

6 51208 

6 39245 

81 

9 

6 39245 

6 27719 

6 16607 

6 05886 

5 95536 

5 85539 

5 75877 

80 

10 

5 75877 

5 66533 

5 57493 

5 48740 

5 40263 

5 32049 

5 24084 

79 

11 

5 24084 

5 163591 

5 08S63 

5 015851 

4 94517 

4 87649 

4 80973 

78 

12 

4 80973 1 

4.74482 

4 68167 
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4 56011 

4 50216 

4 44541 

77 

13 
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4 03938 

3 99393 

3 94952 

3 90613 

3 86370 

75 

15 

3 86370 

3 82223 

3 78106 

3 74198 3 70315 

3 66515 
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73 
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2 66947 

68 

22 
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INTRODUCTION 

EXPLANATION OF SUBJECT-MATTER AND NOTATION 
1. Introduction to Part II 

Subject-Matter of Part II. In the thirty-six chapters of Part II are 
given the necessary rules, formulas and data for computing the strength and 
stability of all ordinary forms of building-construction, whether of wood, steel, 
concrete or masonry, and in fact of all but the more intricate problems of steel 
construction, with which few architects care to cope, and which, indeed, are 
more especially within the province of the engineer. 

The Rules and Formulas have been reduced to their simplest forms, and, 
in general, require only an elementary knowledge of mathematics to under¬ 
stand them. The application of the formulas is explained and in most cases 
their derivation, and it is believed that the formulas, constants and working 
stresses are representative of conservative and approved contemporary 
practice. 

Constants and Working Stresses. In the use of constants for the strength 
of materials, the authors and editors have been guided by the practice of 
leading structural engineers, by the available records of tests and by their 
own experience of many years as practicing and consulting architects and 
engineers The varying conditions of building-construction have been taken 
into account and an attempt made to adapt the values to the practical con¬ 
ditions usually governing such construction. Every possible precaution has 
been taken to prevent the misapplication of rules and formulas and to 
insure absolute safety without undue waste of materials. 

Tables. Much thought and labor have been expended on the preparation 
of the numerous tables, to insure their accuracy and to arrange them in the 
most convenient form for use by architects and builders. Many of these 
tables were computed by the authors and editors, all have been carefully 
verified, and it is believed that they may be used with perfect confidence. 
In all cases, unless otherwise noted, they give the same values that would be 
obtained by using the formulas specially referred to, while they afford a great 
saving of time and labor and reduce to a minimum the danger of errors in 
making the necessary computations. 

Treatment of the Subject. Owing to the nature of the subjects treated 
and the large number of pages required to include them all in one book of 
reference, some forms of construction are treated rather briefly. The inten¬ 
tion is to give the data needed for immediate use rather than a complete 
discussion of all the principles involved. Those who wish more complete 
discussions of masons’ work, carpenters' work, steelwork, etc., are referred 
to treatises on these branches of building-construction. References are 
made in the different chapters to various other books and periodicals con¬ 
taining more complete information on some of the subjects. Part II deals 
principally with foundations, walls and piers, arches, columns, beams and 
girders, floors, mill-construction, fireproofing, reinforced-concrete construc¬ 
tion, roof-trusses, wind-bracing, and domes and vaults. 
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[Part 2 


2 . Explanation of the Notation or Symbols Used in Part II 

Besides the usual mathematical signs and characters in general use, the 
following abbreviations and symbols are frequently used: 

A area of cross-section; also, a constant used in Chapter XX; 
a, b, c , . . . tn, etc., known or given distances; 
b breadth, as of beams; 

C coefficient of strength; 

c normal distance from neutral axis of cross-section of beam to most 
distant fiber in same; 

d diameter, as of rivets; exterior diameter; depth, as of beams; 
d\ interior diameter; 

E modulus of elasticity; 

Eg, E c modulus of elasticity for steel and concrete respectively (as in 
reinforced concrete); 

e total deformation or change in length, as in a bar; 

F shearing-modulus of elasticity, 

/ maximum deflection for a beam; unit stress; 
h distance between parallel axes for moments of inertia; 

I moment of inertia about a line; 

I /c section-modulus or section-factor; 

J polar moment of inertia; 

J r polar moment of inertia of bolts about shaft-axis; 

K total elastic resistance of a bar; resilience, work; also, a factor or con¬ 
stant used in formulas for reinforced concrete; 
l length; span of a beam; 

M bending moment; 

Jfmax maximum bending moment; 

Mu Mu etc., bending moments at supports of beams; 

M r or SIjc moment of resistance; 
n number of loads, spans, etc.; 

P external force, concentrated load; 

Pit Pit PZt etc., concentrated loads on beams; 

P pitch of rivets; eccentricity of load on column; ratio of cross-section 
of steel to cross-section of beam (reinforced concrete); 
r radius of curvature; radius; radius of gyration; ratio of Es for steel 
to Ec for concrete (reinforced concrete); 

Rzt etc., reactions at the supports of a beam; 

S unit stress, with subscripts /, c and s for unit stress in tension, com¬ 
pression and shear, respectively; section modulus, 

5ft buckling resistance in webs of steel beams; 

Sfi horizontal unit shearing-stress in beams; 

S e elastic limit; 

5/ modulus of rupture, or computed flexural strength; 

*i, ht etc , thicknesses; 

V vertical shear; 

W weight of a bar or beam; total .uniform load on beam (may include 
weight of beam); 

wl total uniform load on a beam (may include weight of beam); 
w weight of a cubic unit of material; uniform load on beam, per linear 
unit of length; 
x, y , z, variable distances; 
a, 5, etc., material constants; 
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<f> constant depending upon material; 

6 an angle. 

Greek letters are used generally for signs of operation, for abstract numbers 
and for angles. 2) is employed as a symbol of summation. 

The following are the Greek letters most in use: 

a. Alpha, /? Beta, e Epsilon, rj Eta, 

6 Theta, k Kappa, X Lambda, p Mu, 

v Nu, 7r Pi, p Rho, a Sigma, 

r Tau, <f> Phi, \p Psi, Omega. 

Note. In a few places in the book it has been considered necessary or advis¬ 
able by some of the associate editors to give a different meaning to one or 
more of the above symbols or to introduce different symbols for the meanings 
given in the list, but in all such cases the new symbols or meanings have been 
very clearly indicated. 

The term breadth is used to denote the horizontal thickness of a beam or 
the smaller dimension of the cross-section of a rectangular column, post or 
strut, and is always measured in inches unless expressly stated otherwise. 

The term depth denotes the vertical height of a beam or girder, and is 
always measured in inches unless expressly stated otherwise. 

The term length denotes the distance between supports and is always 
measured in feet unless expressly stated otherwise. 

Abbreviations. In order to shorten the formulas, the tabulations of com¬ 
putations, etc , and throughout the text generally, to economize space, the 
units of measurement are generally abbreviated. For example, foot and feet 
are abbreviated, ft; inch and inches, in; pound and pounds, lb; square, sq; 
cubic, cu; linear, lin; inch-pound or inch-pounds, in-lb; foot-pound or foot¬ 
pounds, ft-lb; ounces, oz; horse-power, h p ; gallons, gal; etc.; and no 
periods are placed after these abbreviations, except at the ends of sentences. 
Where the word ton is used in this volume, it always means the net ton of 
2 000 lb. 
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CHAPTER I 

EXPLANATION OF TERMS USED IN ARCHITECTURAL 
ENGINEERING 

By 

THOMAS NOLAN 

LATE PROFESSOR OF ARCHITECTURAL CONSTRUCTION, 

UNIVERSITY OF PENNSYLVANIA 

1. Definitions of Some of the Terms Used in the 
Mechanics of Materials * 

Terms Used in Architectural Engineering. The following terms fre¬ 
quently occur in discussions of the principles of architectural engineering and 
an understanding of their meaning is essential. 

Mechanics is the branch of physics that treats of the phenomena caused by 
the action of forces on material bodies. 

Applied Mechanics treats of the laws of mechanics as applied to construc¬ 
tion in the useful arts, as in beams, trusses, arches, etc. 

Mechanics of Materials treats of the effects of forces in causing changes 
in the size and shape of bodies. 

Rest is the relation that exists between two points when the straight line 
joining them does not change in length or direction. A body is at rest rela¬ 
tively to a point when any point in the body is at rest relatively to the first- 
mentioned point. 

Motion is the relation that exists between two points when the straight line 
joining them changes in length or direction, or in both. A body moves rela¬ 
tively to a point when any point in the body moves relatively to the first- 
mentioned point. 

Force is that which changes, or tends to change, the state of rest or motion 
of the body acted upon. It is a cause regarding the essential nature of which 
we are ignorant. In the mechanics of materials we do not deal with the 
nature of forces, but only with the laws of their action 

Equilibrium is that condition of a body in which the forces acting upon it 
balance or neutralize each other; or, it is that condition of a force-system in 
which the resultant of the force-system is zero. 

Statics is the branch of Mechanics that treats of the conditions of equilib- 
brium. It is divided into: 

(1) Statics of rigid bodies. 

(2) Statics of practically incompressible fluids. 

In building-construction we have to deal only with the former. 

Structures are artificial constructions in which all the parts arc intended to 
be in equilibrium and at rest relatively to each other, as in the case of a bridge- 
truss or roof-truss. They consist of two or more solid bodies, generally called 
pieces or members, which are connected at different parts of their surfaces 
called joints. 

* In addition to the terms defined here, many others are defined in the chapters of 
Part II, and especially in Chapters VI, IX, X, XIV, XV, XIX and XXIII. 
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In general there are three conditions of equilibrium in a structure. 

(1) The external forces acting upon the whole structure must balance each 
other. These forces are* 

(a) The weight of the structure; 

(b) The loads it carries; 

(c) The upward supporting forces, reactions or resistance under or 
around the foundations. 

(2) The forces acting upon each piece of the structure must balance each 
other. These forces are, for each piece: 

(a) The weight of the piece; 

(b) The loads it carries; 

(c) The resistances or reactions at its joints. 

(3) The forces acting upon each of the parts into which any piece may be 
supposed to be divided must balance each other. 

The Stability of a Structure requires the fulfillment of conditions (1) and 
(2), that is, the ability of the structure to resist the displacement of any of its 
parts. 

The Strength of a Piece or Member consists in the fulfillment of condi¬ 
tion (3), that is, the ability of a piece to resist breaking. 

The Stiffness of a Piece or Member consists in the ability of a piece to 
resist bending 

The Theory of Structures is divided into two parts: 

(1) That which treats of strength and stillness, dealing only with single 
pieces and generally known as the strength of materials or the mechanics 
of materials, before defined. 

(2) That which treats of stability, dealing with the structures themselves. 

Stress is an internal force that resists a change in shape or size caused by 
external forces. When the applied external forces reach certain intensities 
the internal stresses hold them in equilibrium. 

The Intensity of a Stress is measured by the unit stress. (See Unit 
Stress.) The intensity of the stress per square inch on any normal surface 
of a solid is the total stress divided by the area of the section in square inches. 
Thus, if a bar 10 ft long and 2 in square has a load of 8 000 lb pulling in the 
direction of its length, the stress on any normal section of the bar is 8 000 lb; 
and the intensity of the stress per square inch is 8 000 /4 sq in « 2 000 lb per 
sq in. 

Deformation.'" When a solid body is acted upon by an external force an 
alteration takes place in the volume and shape of the body, and this alteration 
is called the deformation. In the case of the bar given above, the deforma¬ 
tion is the amount that the bar stretches under its load. 

The Ultimate Strength is the highest unit stress a piece of material can 
sustain and it is the unit stress at or just before rupture. 

The Working Unit Stress is the ultimate stress divided by the factor of 
safety. 

The Safe Load is the load that a piece can support without exceeding the 
working unit stresses. 

• In mechanics the term strain is now synonymous with the term deformation. On 
account of the tendency to confuse the terms strain and stress the term deformation 
is used to denote change in shape and the term strain is omitted in ail discussions in the 
Handbook. 
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The Factor of Safety * of a piece of material under stress is the ratio of 
the ultimate strength of the material to the actual unit stress on the section- 
area; or it is the number by which the ultimate unit stress must be divided to 
give the working unit stress. In designing a piece of material to sustain a cer¬ 
tain load, it is required that it shall be perfectly safe under all circumstances; 
and hence it is necessary to make an allowance for any defects in the material, 
workmanship, etc. It is obvious, that, for materials of different composition, 
different factors of safety are required. Thus, steel being more homogeneous 
than wood and less liable to defects, does not require as high a factor of safety. 
Again, different kinds of stresses require different factors of safety. Thus, a 
long wooden column or strut requires a higher factor of safety than a wooden 
beam. As the factors of safety thus vary for different kinds of stresses and 
materials, the proper factors for the different kinds of stresses and conditions 
are given in considering the resistance of the various materials to those stresses 
under varying conditions. 

The Unit Stress is the stress on a unit of section-area, and is usually ex¬ 
pressed in pounds per square inch. (See Intensity of Stress) 

Dead Loads and Live Loads. The term dead load means a load that is 
applied and increased gradually and that finally remains constant, such as the 
weight of a structure itself. 

The term live load means a load that is applied suddenly and causes vibra¬ 
tions, such as a train traveling over a railway bridge. It has been found by 
experience that the effect of a live load on a beam or other piece of material 
has twice the destructive tendency of a dead load of the same magnitude or 
intensity. Hence a piece of material designed to cairy a live load should 
have a factor of safety twice as large as one designed to carry a dead load. 
The load due to a crowd of people walking on a floor is usually considered to 
produce an effect which is a mean between that of a dead load and a live load, 
and a suitable factor of safety is adopted accordingly. In municipal ordi¬ 
nances and laws relating to the allowable loads for floors, the loads to be sup¬ 
ported by the floors, exclusive of their inherent construction and stationary 
fixtures, are generally referred to as the LIVE loads no matter of what they 
may consist; but the term does not have the exact significance given to it 
'by many engineers and as explained in the paragraph above. 

The Modulus of Rupture or Computed Flexural Strength is the value 
of the unit fiber-stress S, computed from the flexure-formula M = SI fc, 
when a beam is ruptured under a transverse load. Its value is intermediate 
between the ultimate tensile and compressive strengths of a material. 

The Elastic Limit is that unit stress at which the deformation of a piece of 
material begins to increase in a faster ratio than the applied loads. It is 
sometimes called the elastic strength. 

The Modulus of Elasticity or Coefficient of Elasticity. In treatises on 
physics this is often called Young's modulus. It we take a bar of any elastic 
material, say one inch square, of any length, and secured at one end, and to 
the other apply a force, say a certain number of pounds P, pulling in the 

* The elastic limits of materials must be considered in deciding upon working unit 
Stresses and in forming a judgment of the security of materials under stress. When the 
elastic limit is considered the actual allowable unit stress is made a certain percentage of 
it, as 35 or 50%, according to varying conditions. Both ultimate strengths and elas¬ 
tic limits must be taken into account in practice. But the use of the factor of safety, 
as determined by the old method, is still a great help in the study and application of the 
principles of the mechanics of materials, and is used frequently in the Handbook. 
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direction of its length, we shall find by careful measurement that the bar has 
been stretched or elongated by the action of the force. If we divide the total 
elongation e, in inches, by the original length l of the bar, in inches, we shall 
have e/7, the unit elongation e, or the elongation of the bar per unit of 
length; and if we divide the unit stress S’, developed (that is, in this case, the 
external force P, divided by the area of the cross-section A , or P/A) by this 
ratio we shall have what is known as the modulus of elasticity, E. Ex- 

PfA 

pressed in symbols and by equations, E « S/t =*• ——. Hence, we may define 

ef l 

the modulus of elasticity as the ratio of the unit stress to the unit deforma¬ 
tion. Another definition is, the force which would elongate a bar of 1 sq in in 
cross-section to double its original length, if that could be done without exceed¬ 
ing the elastic limit of the material This is evident from the above equation; 
for if A =* 1 and e = /, E will equal P. These formulas apply only when 
the unit stress S or PJA is less than the elastic limit of the material, e is 
an abstract number, because e and l are both linear quantities, and hence 
E is expressed in the same unit as S, that is, in pounds per square inch. 

As an example of one method of determining the modulus of elasticity of 
any material the following illustration is given- 

Suppose we have a bar of wrought iron, 2 in square and 10 ft long, securely 
fastened at one end, and to the other end we apply a tensile force of 40 000 lb. 
This force causes the bar to stretch, and by careful measurement we find the 
elongation to be 0.0414 in. As the bar is 10 ft, or 120 in long, if we divide 
0.0414 by 120, we shall have the elongation of the bar per unit of length. Per¬ 
forming this operation, we have as the result, 0 00034 in. As the bar is 2 in 
square, the area of cross-section is 4 sq in, and hence the stress per square inch 
is 10 000 lb. Dividing 10 000 by 0 00034, we have, as the modulus of elas¬ 
ticity of the bar, 20 400 000 lb per sq in. This is the method generally 
employed to determine the modulus of elasticity of iron ties; but E can 
also be determined from the deflection of beams, and it is in that way that 
its values for most woods have been found. The modulus of elasticity is used 
in the determination of the stiffness of beams. 

The Moment of a Force with respect to an axis is the product obtained 
by multiplying the magnitude of the force by the shortest distance from the 
axis to its line of action The shortest distance is called the lever-arm of 
the force. The moment of the force is the measure of the tendency of the 
force to cause rotation about the axis. (See Chapter VI and IX.) 

The Center of Gravity of a body is the point in the body through which 
the resultant of the forces exerted by gravity upon all the particles of the 
body passes. A body may be balanced upon a point placed above or below 
the center of gravity, because the resultant of any number of forces may be 
held in equilibrium by an equal and opposite force. Another definition of the 
center of gravity of a body or bodies is: a point such that there is no 
tendency to rotation about any axis drawn through it. (For center of 
gravity of surfaces, lines and solids, see Chapter VI.) 

2 . Classification of the Principal Stresses Caused in 
Bodies by External Forces 

Tension is the stress that resists the tendency of two forces acting away 
from each other to pull apart two adjoining planes of a body. 

Compression is the stress that resists the tendency of two forces acting 
toward each other to push together two adjoining planes of a body. 
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Shear is the stress that resists the tendency of two equal parallel forces act¬ 
ing in opposite directions to cause two adjoining planes of a body to slide one 
on the other. 

Torsion is the stress that resists the tendency of forces to twist a body. 

Combined Stresses. Parts of structures are often acted upon by several 
external forces which develop stresses of different character, such as combined 
flexure and compression, flexure and tension, flexure and torsion, shear and 
axial compression or tension, torsion and compresiion, etc. 
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CHAPTER II 

FOUNDATIONS 

By 

DANIEL E. MORAN 

MEMBER OF AMERICAN SOCIETY OF CIVIL ENGINEERS 

1. Definition of the Word and Terms Used 

Definitions. The word Foundation is derived from the Latin verb 
Fundare, meaning to establish or lay the base, bottom, keel or foundation 
of anything. The English word is used in the broadest possible way to 
describe the base, physical or otherwise, on which anything is supported, and 
in technical language it may be used to describe any part of a structure on 
which a subsequent operation or construction is superimposed. Thus a 
plaster wall may be called the foundation for a fabric to be stretched thereon 
and the fabric in turn becomes the foundation for various coats of paint or 
other decorations. More specifically and in relation to a building or other 
complete structure the word foundation is unfortunately applied indiscrim¬ 
inately (1) to construction below grade, such as footing courses, cellar walls, 
etc., forming the lower section of the structure; (2) to the natural material, 
the particular part of the earth's surface on which the construction rests; 
and (3) to special construction such as piling or piers used to transmit the 
loads of the building to firm substrata. In view of the indefinite meaning of 
the word it is advisable to use it either to distinguish work below grade, or 
below the tier of beams nearest to grade, from work above grade. In even 
a still more restricted sense, it might include only the work below the cellar 
or basement-floor to rock or other solid foundation-bed. 

The Foundation-Bed. The natural material on which the construction 
rests is called the foijndation-bed. Walls, piers and columns below grade 
are called, in general, foundation walls, piers and columns to distinguish 
them from similar construction above grade and occasionally those only 
below the basement-floor are so called; the lower portions of walls, piers or 
columns which are spread to provide a safe base will be called footing 
courses. 

2. General Requirements 

The Object of Foundations. The object to be borne in mind in designing 
any foundation is to provide a safe and permanent base for the superstructure 
such that the movement of the base and of the superimposed structure shall 
be the least possible and shall result in the least possible damage to the 
structure. To fully meet the above requirements the design and construction 
should fulfill the following conditions: 

(1) The Materials of Construction should be proof against all deteriorating 
influences, or, if any of the materials are liable to deterioration, they should 
be permanently protected. 

(2) Stresses and Future Changes. No part of the foundation-structure 
should, under any combination of loadings, be stressed beyond safe limits, and 
the possibility of future additions or changes in the superstructure, or of a 
change in the use of the building, should be kept in mind. 
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(3) The Load on the Natural Bed should be kept within the safe limit for 
such material, under the worst conditions to which it may be exposed. In 
fixing this limit the amount of settlement allowable will in many cases deter¬ 
mine the limit rather than the safe ultimate bearing capacity. 

(4) Adjoining Excavations. The possible danger to the structure or to the 
stability of the foundation-bed from adjoining excavations or other disturbing 
causes should be guarded against as far as possible. 

Physical Conditions of the Site. In order to meet the above requirements, 
the design should be suited to the physical conditions existing at the location. 
The architect or engineer should personally examine the site. Jfe should 
secure all available information relative thereto and, if necessary, should 
make borings and tests so as to secure reliable information on which to base 
his design for the foundation. The first step is, therefore, a detailed and 
exhaustive study of the site to determine the characteristics of the founda¬ 
tion-bed on which the structure is to rest. 

3. Geological Considerations 

Character of the Foundation-Bed. A knowledge of geology is of material 
assistance in many cases in making a proper estimate of the character of the 
foundation-bed. While it is not proposed in the limits of this chapter to go 
into any general geological discussion the following notes may be of value in 
assisting the architect to determine whether any given deposits can be relied 
upon as affording a stable foundation-bed. Broadly speaking, as the loca¬ 
tion of the building may be in any part of the world, so the materials encoun¬ 
tered may belong to any one of the many geological formations forming the 
surface of the earth. For practical purposes, however, the materials met with 
are roughly divided into rock, or materials other than rock, roughly defined 
as EARTH. 

4. Composition and Classification of Bocks 

Composition of Rocks. Rocks, and the earthy deposits derived from rocks, 
are composed of various minerals of which many hundred kinds are known, 
each varying from the others in some particular of chemical composition form 
of crystallization or other characteristic. A rock or an earthy deposit may 
consist almost entirely of a single mineral, but it is usually composed of several 
distinct minerals or of mixtures of minerals. The principal classes of rock- 
forming minerals are: 

(1) The Silica Minerals composed of silica (S 1 O 2 ) in different forms; 

(2) Silicates or combinations of silica, with various metallic bases; 

(3) Calcareous Minerals composed of calcite or carbonate of lime (CaCO«) 
and its combinations. 

(1) Silica Minerals are different forms of the oxide of silicon, known as 
Silica. In the crystalline state silica is known as : 

Quartz. This is the most abundant of all minerals. Owing to its hardness 
and insolubility it resists decomposition and abrasion better than the min¬ 
erals with which it is associated and grains of it form the principal constitu¬ 
ent of sandy deposits. In finely comminuted particles it forms a part of 
most of the clays. 

Flint, Chert, Agate, etc., are non-crystalline varieties of silica. Silica also 
forms the cementing material in many sandstones and other rocks. 

(2) Silicates or combinations of silica with various bases are second in im- 
portance only to quartz. 
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Feldspar, an important constituent of granite and other igneous rocks, is a 
silicate of alumina with potash, soda or lime. When exposed to the action ol 
water it slowly decomposes, forming silicate of alumina, the base of clay. The 
decomposition of granite results in the formation of clay and crystals of quartz 
and mica. The mica is very slowly affected and the quartz is practically un¬ 
changed. 

Mica. The various mica minerals are silicates of alumina, with potash and 
and other constituents. All varieties arc soft and split into thin elastic plates. 
Small particles of mica are frequently found in sand. 

Hornblende and Augite are silicates of lime, magnesia, iron and alumina and 
are of frequent occurrence. 

Chlorite. Talc and Soapstone Travertine are hydrated silicates formed from 
other silicates by a chemical change in which a certain amount of water is 
absorbed These minerals are soft and have a soapy peel. Special care 
should be taken in building foundations on rock of this character to guard 
against any sliding on the foundation-bed or between parts of the foundation- 
bed. 

(3) Calcareous Minerals. The following are the principal calcareous min¬ 
erals: 

Calcite (CaC0 3 ), carbonate of lime, when pure and crystallized, is known 
as Iceland Spar. It is soluble in water containing CO 2 . Calcite in varying 
degrees of purity forms limestone and marbles. As a result of its solubility 
caverns and voids are frequentlj found in limestone 

Dolomite is a carbonate of lime and magnesia. It forms the so-called DolO' 
mitic Limestones, which are less soluble than the calcite limestone. 

Selenite, Lypsum, Alabaster, Anhydrite, Aragonite and Apatite are other 
and less important lime-minerals. 

Classification of Rocks. Rocks are classified not only according to the 
minerals of which they are composed, but also according to the way in which 
they have been formed, as: 

(1) Igneous Rocks, which have solidified from a molten condition; 

(2) Sedimentary Rocks, which have been formed under water by mechanic 
cal pressure or by cementation due to chemical or organic processes; 

(3) Met&morphic or Plutonic Rocks, which have changed from their origi¬ 
nal character as igneous or sedimentary rocks 

(1) Igneous or Plutonic Rocks are not truly stratified. They may be 
granular, crystalline or glassy in texture. Gr\nite, syenite, basalt, trap, 
etc., are examples. Lava, pumice and obsidian are volcanic products, as 
are also certain deposits of mud and ash. With the exception of volcanic ash 
and mud, the igneous rocks are enduring and are not liable to present any 
unforeseen weakness as foundation-beds. 

(2) Sedimentary Rocks are composed of sand, clay and other materials 
resulting from the breaking down of the original igneous rocks. These mate¬ 
rials were deposited in horizontal beds generally by settling from water, and 
the consolidation into rock was generally affected under water by chemical, 
mechanical or organic action. The resultant rock-masses are stratified as a 
result of their constituent materials having been deposited in layers. As 
sand and clay are the most abundant products of rock-decomposition, so the 
sedimentary rocks are most frequently siliceous (sandy) or argillaceous 
(clayey). 
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Sandstone is composed of grains of sand cemented together by silica, oxides 
of iron, or carbonate of lime. The durability of sandstone depends on the 
solubility of the cementing material. Carbonate of lime being soluble, sand¬ 
stones containing it as cementing material yield to the weather and are not 
as reliable as sandstones having silica or iron oxide as cementing material. 

Argillaceous Rocks contain clay with fine sand, mud, etc , and while snALE 
and some other varieties are compact and hard when first uncovered, they 
are liable to deterioration when exposed to frost, water and other disintegrat¬ 
ing agencies. 

Limestone is composed more or less of carbonate of lime derived from the 
calcareous skeletons of marine animal and vegetable organisms. The char¬ 
acter of limestone varies greatly. In so-called fossilifekous limestones, 
fossils of shells or corals indicate clearly its origin, but in other limestones 
there are no fossils or other indications of the organic origin of the calcareous 
material. Admixtures of sand, clay, or other impurities may make it diffi¬ 
cult to distinguish certain limestones from sandstones or shales. 

Dolomite is a limestone containing a high percentage of magnesia. 

Chalk is a soft limestone composed of the fine shells of minute marine organ¬ 
isms In general, the purer the limestone the more soluble it is and the 
greater the danger from fissures or caverns due to the action of water. 

(3) Metamorphic or Plutonic Rocks arc rocks which have been formed 
from sedimentary or igneous rocks by heat, compression, or moisture, acting 
alone or in combination. Thus by heat from a nearby intrusion of molten 
rock, limestone is changed into a crystalline marble. The general effect of 
metamorphism is to produce a hard or durable rock. 

Quartzite, a metamorphosed sandstone, is a crystalline rock of great hard¬ 
ness and durability. 

Slate is a hard dense rock, sometimes with a well-defined tendency to split 
into thin plates. It has been formed by metamorphic action from clayey 
shales and is generally durable, but liable to slide along planes which are 
sometimes parallel to the cleavage, or along seams which are not parallel to 
the cleavage. 

Gneiss is a “laminated metamorphic rock that usually corresponds miner- 
alogically to some one of the plutonic types ” * There are many varieties, 
best classified in accordance with the igneous rocks to which they most nearly 
correspond in composition. Some varieties resemble granite, but the lami¬ 
nated or striped aspect is generally characteristic. They are generally com¬ 
pact and durable. 

Schists are similar to gneiss but are more finely foliated or striped. In 
mica-schist there are layers or foliations composed of fine grains or plates of 
mica. Mica-schists are liable to decomposition and it frequently happens 
that excavations have to be carried to great depths through decomposed rock 
of this character before solid rock is encountered. The material resulting 
from the decomposition of this rock contains fine grains of mica and other 
fine material and, when wet, acts as quicksand. 

Rock as a Foundation. All rock, if sound and not liable to slippage, is 
proverbially a solid foundation and capable of supporting any weight which a 
building is likely to impose on it. Care should be taken that rock liable to 
disintegration is protected from the weather, water-action, or other disin¬ 
tegrating influences. 


Kemp. 
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5. Geology of Earthy Material 

Earth and Soil. Materials other than rock, resulting from the disintegra¬ 
tion of rock-masses, are broadly classed as earth. The word soil, when used 
to designate any earthy material not rock, is a misnomer, in that the idea of 
fertility, or the lack of it, is conveyed when the word soil is used. 

The agencies producing the disintegration of the rock masses which form or 
underlie the entite surface of the earth, are various, but for the purpose of this 
chapter they may be defined as (1) chemical and (2) mechanical. 

(1) Chemical Agencies. By chemical action or decomposition, a rock- 
mass of great strength and hardness and of complicated miiieralogical struc¬ 
ture may disintegrate into a noncoherent mass of elementary minerals. Thus 
a feldspathic granite under the combined action of water and varying tem¬ 
perature disintegrates, the crystals of feldspar changing chemically and form¬ 
ing the hydrated silicate of aluminum known as clay, while the crystals of 
quartz, mica or hornblende, being more resistant to chemical action, retain 
their chemical identity but become detached particles of sand. 

(2) Mechanical Agencies. By the mechanical agencies, such as the action 
of frost, moving water or ice, fragments of rock are detached from the ledge of 
which they originally formed part and are subsequently transported, by the 
action of glaciers or streams, or by the wave-action in bodies of water. The 
attrition between the materials thus roughly thrown about breaks up the 
rock-masses into smaller and smaller pieces without altering the composition 
of the rock-material. 

Flowing Water. As flowing water more readily transports small particles 
than large ones, the larger pieces of rock move intermittently during periods 
of storm or flood and are deposited as soon as the velocity of the water falls; 
while the smaller particles are held in suspension longer and, as the velocity of 
the stream falls, are deposited in the order of their size, the largest first. The 
rapid upper courses of streams and rivers in mountainous regions constantly 
roll and grind together the materials in their rocky beds, the heavy masses 
being moved slowly. The attrition between the fragments forms gravel 
and sand which arc washed down stream to be deposited, as the current 
slackens, first as beds of gravel, then as sand-bars, and finally, in the slow- 
moving lower levels, as beds of silt and alluvium. 

Glaciers and Glacial Deposits. The action of glaciers is similar to the 
action of streams. Glacial deposits, the so-called glacial drifts, are com¬ 
posed of sand, clay, gravel and boulders but, in general, there is a noticeable 
difference between glacial deposits and deposits made by rivers or streams. 
In glacial deposits the boulders frequently exhibit groovings or scratches on 
their faces and the edges and surfaces of the boulders are generally sharp, so 
that a boulder may appear as if it had been recently fractured. They rarely 
exhibit the smooth, water-worn and rounded surfaces found on boulders 
formed by water-action. Moreover, the glacial boulders may be found 
singly, or unassociated with other boulders in a deposit of sand or gravel. 
The deposit differs from a river-deposit in that there is no classification as to 
stee; the boulders may occur on the surface or may be disseminated as if by 
accident through the sand and gravel forming the body of the deposit. Such 
glacial deposits partake of the character of a rough artificial fill without the 
Stratification or classification as to size which is characteristic of river-deposits. 
In glacial moraines or dumping grounds it not infrequently happens that the 
surface-water finds underground passages forming so-called sink-holes. 
A line of glacial deposits extends across the continent of North America from 
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Long Island westward. The southern limits can be determined by reference 
to geological maps. 

Glacial and River-Deposits Distinguished. It is important to distinguish 
between glacial and river-deposits, because, while the occurrence of glacial 
boulders gives, in general, little or no information as to the character and 
value of the surrounding deposits, the occurrence of boulders, on the other 
hand, in river-deposits is generally an indication that the bed of which they 
form a part has been thoroughly consolidated as a result of the river-action 
which formed it; and, also, because such deposits generally extend down to 
rock or to some compact material which at the time the deposit was made 
was capable of resisting the action of rapidly flowing water. 

Wave-Action on Lakes and Along Coast-Lines is constantly working on 
the materials composing the beach. Rock-masses are broken away from 
cliffs and ground together, producing boulders, gravel and sand. The sand, 
being carried more readily by the tidal currents, is deposited in the more shel¬ 
tered locations and forms beaches, while the larger rock-masses remain near 
the point of origin in bars and reefs. 

Beds of Sand, Gravel and Boulders deposited by the action of waves on 
the shores of seas or lakes are not necessarily constant in character and 
tests should be made to determine the character of the material underlying 
such beach-formations. In large river-valleys where the general formation is 
composed of silt or other fine material little reliance should be placed on the 
occurrence of beds of gravel, even if such beds extend over large areas. 
Tests should be made to determine that such beds are not underlain by less 
trustworthy materials. Where tributary streams discharge into large valleys 
they may deposit bars of sand, gravel and boulders on top of the silt, peat, 
or other materials formerly deposited by the main river. The general topo¬ 
graphical conditions should serve as an indication of danger in such cases. 

Results of Chemical and Mechanical Action. As a result of the foregoing 
brief description of the agencies at work it may be seen that ice, wave and 
stream-action alike tend to disrupt rock-masses and to produce boulders, 
gravel, sand and finer materials. The ultimate result of the combination of 
chemical action and mechanical action is to reduce the hardest rocks to 
the finest sand, the most impalpable clays, silts and muds; and the action 
of wind, wave and moving water is to classify such materials in deposits of 
grains of uniform size. 

6. Materials Composing Foundation-Beds 

Classification and Definitions. The following list includes the materials 
which are most frequently encountered, with their definitions: 

Rock (solid rock, bed-rock, or ledge). Undisturbed rock-masses forming an 
undisturbed part of the original rock-formation. 

Decayed Rock (rotten rock). Sand, clays and other materials resulting 
from the disintegration of rock-masses, lacking the coherent qualities but 
occupying the space formerly occupied by the original rock. 

Loose Rock. Rock-masses detached from the ledge of which they origi¬ 
nally formed a part. 

Boulders. Detached rock-masses larger than gravel, generally rounded and 
worn as a result of having been transported by water or ice a considerable dis¬ 
tance from the ledges of which they originally formed a part. 

Gravel. Detached rock-particles, generally water-worn, rounded and in¬ 
termediate in size between sand-particles and boulders. 
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Sand. Noncoherent rock-particles smaller than in in maximum dimen¬ 
sion. 

Clay. The material resulting from the decomposition and hydration of 
feldspathic rocks, being hydrated silicate of alumina, generally mixed with 
powdered feldspar, quartz and other materials. 

Hard-Pan. Any strongly coherent mixture of clay or other cementing 
material with sand, gravel, or boulders. 

Silt. A finely divided earthy material deposited from running water. 

Mud. Finely divided earthy material generally containing vegetable 
matter and deposited from still or slowly moving water. 

Dirt. Loosely used to describe any earthy material. 

Soil. Earthy material capable of supporting vegetable life and generally 
limited to material containing decayed vegetable or animal matter. 

Mould. Earthy material containing a large proportion of humus or vege¬ 
table matter. 

Loam. Earthy material containing a proportion of vegetable matter. 

Peat. Compressed and partially carbonized vegetable matter. 

7. Characteristics of the Materials of Foundation-Beds 

Solid Rock, or, as it is locally known, bed-rock, or ledge, is proverbially 
a solid foundation. The harder rocks, such as granite, trap, slate, sandstone, 
limestone, etc., arc all capable of carrying the load of any ordinary structure. 
The softer rocks, among which may be classed the shales, shaley slates and 
certain marley limestones and clay stones, should not be loaded with more 
than 15 tons per sq ft unless they are tested for greater loads. In all cases 
where foundations are to be placed on what is supposed to be solid rock, care 
should be taken to determine whether or not the supposed solid consists of a 
detached portion and, also, in case the bedding-planes of the rock are inclined, 
if there is danger from a slip of the layer forming the foundation-bed. 

Decayed Rock. Certain igneous or metamorphic rocks such as granites, 
gneisses, etc., frequently disintegrate, forming so-called rotten rock or 
decayed rock. The decayed rock is generally found in conformity with the 
ledge of which it originally formed a part. It may retain the stratification, 
color and markings of the solid rock, but as a result of the disintegrating effect 
of water or other agents, it has lost the solid character of the original rock. 
When struck with a hammer it does not give the characteristic ringing sound 
of solid rock. It may be fairly compact and hard, or so soft as to be readily 
excavated with pick and shovel. The amount of such disintegrated rock 
overlying the solid rock varies greatly; in some cases the removal of a few 
inches will disclose the solid rock, in other cases the layer of decayed rock may 
be many feet in thickness. Test-borings in rotten rock give samples similar 
to the samples from solid rock; so that it frequently happens that while 
the foundations are planned for solid rock the excavations disclose a thick 
layer of rotten rock. In such cases, if it is impracticable to carry the footings 
down to solid rock, it may be necessary to increase the size of the footings or 
to adopt some other expedient. 

Loose Rock. Where a rock-mass detached from the ledge of which it orig¬ 
inally formed a part is encountered it must not be loaded in excess of the safe 
capacity of the material by which it is surrounded. If the voids between ad¬ 
joining pieces of loose rock are completely filled in with hard-pan, compact 



136 


Foundations 


[Chap. 2 


gravel, sand, or clay, the loading may be the same as for the filling-in material, 
but care should be taken to determine that no voids exist. In natural rock- 
fills, as in artificial rock-fills, it may happen that large voids exist between the 
rock-masses, forming passageways for streams of water, in which case there is 
extreme danger of settlements. 

Boulders, Gravel and Sand. Boulders are rock-masses which have been 
transported by water or ice-action. Boulders are sometimes found dissemi¬ 
nated through sand and clay and in such cases the load should be limited by the 
safe load of the material in which they are found. At other times boulders 
are found in beds, packed closely together, with the interstices filled in with 
gravel, sand, or clay. In such cases it is usually safe to assume that no 
further consolidation of the mass is likely to take place. If the bed of boulders 
extends to rock, they will safely sustain any load which will not crush them. 

Gravel. The name gravel is given to rock particles larger than sand and 
smaller than the rock-masses known as boulders. If compact, and if no 
underlying bed of poorer material exists, gravel forms a most desirable founda¬ 
tion-bed, equal to sand or boulders in supporting power and not as liable to 
be disturbed by adjoining excavations or pumping operations. If cemented 
it may partake of the quality of hard-pan or rock. Care, however, should be 
taken to determine whether or not the bed of gravel has been deposited over a 
layer of silt or quicksand. It is possible for this dangerous condition to exist. 

Sand. Sand is composed of comminuted rock-material. As quartz is the 
most abundant rock-mineral and as its hardness and insolubility make it highly 
resistant to disintegrating action, it will be found to be the principal constitu¬ 
ent of most deposits of sand or sandy material. Grains of mica, feldspar, 
garnet and other minerals are frequently found. Sand is described as being 
FINE, medium, or coarse, according to the size of the grains of which it is 
composed. 

Coarse Sand may contain particles of gravel, but after eliminating all 
particles which will not pass a screen with 4 meshes to the inch it will be 
found that a large proportion of the remaining material is too coarse to pass 
a 40-mesh sieve. 

Fine Sand, on the other hand, may contain no particles which will not pass 
a 20-mesh sieve, and a considerable proportion which will pass a 100-mesh 
sieve. 

Very Fine Sand is frequently mistaken for clay and, indeed, generally does 
contain some clay, as clay generally contains fine sand. 

Uniform Sand is sand in which there is relatively a small variation in the 
size of the particles. 

Balanced Sand is sand in which the size of the particles varies from large to 
small and in which there is no great difference in the numbers of particles of 
each size. 

Clean Sand contains no clay or loam, but a pure sand containing a large 
percentage of fine particles is often considered to be not clean. 

Sharp Sand is clean sand containing coarse, angular grains. When firmly 
grasped in the hand it gives a note, due to the particles slipping over each 
other. Sharp sand is generally esteemed for use in mortar, although it 
requires more cement to fill the voids and, in the writer’s opinion, is not as 
desirable as a clean, rounded sand. 

Rounded or Buckshot Sand is composed of rounded grains not cemented 
together. 
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Quicksand. This term is popularly used to describe any fine sand, or mix¬ 
ture of fine sand and clay, which, when wet, forms a soft, unstable material. 
In the popular mind quicksand is supposed to have some mysterious and 
peculiar qualities which result in a tendency to flow like water and to 
suck in animate and inanimate objects. These manifestations are connected 
with various theories as to the composition of quicksand, some persons insisting 
that quicksand must contain flakes of mica or some slippery mineral, others 
that the particles must be extremely fine or spherical in shape, while others 
contend that there must be a certain proportion of fine clay with the sand 
The fact is that any uncemented sand, when subjected to the action of moving 
water, will move and that any sand moving as the result of the action of 
water becomes a quicksand The finer the sand the more readily it is affected 
by a current of water, so that fine sands are more troublesome than coarse 
sands. A coarse sand, having large voids, permits the flow of a certain 
amount of water through them; if this flow has not sufficient velocity to dis¬ 
turb the particles of the sand, the sand can be drained without moving it. 
In a fine sand, having very small voids, a similar flow of water will cause the 
whole mass to move and there is great difficulty in draining it without pro¬ 
ducing a current sufficient to cause it to move or flow. 

Excavations in Quicksand are made difficult by the tendency of the sand 
forming the sides of the excavation to flow into the excavation; and even if 
the sides of the excavation are protected, it not infrequently happens that 
the bottom of the excavation will lift, that is, there will be a movement of 
material from points outside of the line into the excavation, the movement in 
general following a curved line, and carrying the sand under the protected 
side walls of the excavation. In such cases some advantage may be gained 
by surrounding the excavation with driven wells or well-points and draining 
the soil by continued pumping through sand, in other cases, wooden or steel 
sheeting may be driven to a point below the depth to which the excavation is 
to be carried, or to some underlying layer of impervious material, in which 
case the sheeting will act as a coffer-dam to cut off the flow of material. Such 
sheeting, however, must be practically watertight, as extremely fine sand, 
when in the condition of quicksand, will flow through very small apertures. 

Quicksand as a Foundation-Bed is objectionable on account of the danger 
of its moving or flowing, in case it finds any outlet such as would be afforded 
by an adjoining excavation. Cases are known where excavations have per¬ 
mitted the escape of quicksand and resulted in the settlement of buildings at 
a very considerable distance. Such settlements have occurred not only when 
the footings themselves rested on quicksand, but also when they were on a 
stratum of coarse sand, gravel or clay of good quality which rested on an 
underlying stratum of quicksand. 

Pockets of Quicksand. It frequently happens that pockets of fine sand are 
found in deposits of mixed character. Where such pockets are small in 
extent the fine sand may be removed and the spaces filled with concrete. 
Where the pockets are larger it may be necessary to carry piers through them 
to a better foundation-bed, to drive piles, or to resort to other expedients. 

Fine Dry Sand is readily converted into quicksand by the addition of water, 
which fact should be carefully borne in mind in considering the load on fine 
sand, as a material which in dry weather is apparently safe, may be, in wet 
weather, an extremely dangerous one. It is frequently stated that confined 
quicksand is a perfectly reliable material on which to found a building. 
While this, as a theory, cannot be controverted, it is a dangerous assumption 
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to act on because of the impossibility of providing that the fine sand shall be 
always confined. 

Variation in the Size of Grains of Sand. The accompanying diagram 
(Fig. 1) shows graphically the results of sieve-tests on characteristic sands. 
The dash-line curve (1) is an average, giving the results of sieve-tests on sev¬ 
eral so-called quicksands; the full-line curve (2) gives the result of sieve-tests 



Fig. 1. Graphical Illustration of Results of Sieve-tests on Sands 


on a natural sand which would be classed as a good building sand; the dot 
and-dash curve (3) gives the result of sieve-tests on a fine beach sand remark' 
able for the uniformity of the size of its grains For purposes of comparison 
and in order to show the variation in sands which appear to be substantially 
the same, the dotted curve (4) has been added. This shows the result of 
tests on a bank sand apparently as coarse as sand (2), but containing a 
much larger percentage of fine particles between 0 015 and 0.0055 in in diam¬ 
eter. Fine sand frequently contains a considerable proportion of clay. A 
chemical analysis of a so-called quicksand from the down-town section of 
New York City, reported on to the writer by Dr. C. F. McKenna, is as follows: 


Silica. 73.76% 

Alumina and oxide of iron. 18 52% 

Lime. 1 60% 

Magnesia. 1.48% 

Loss on ignition. 2.26% 

A rational analysis shows the following composition: 

Quartz, as given. 39 38% 

Clay and mica, as given . 23.94% 

Feldspathic detritus. 36.68% 


On the other hand, a sample of extremely fine sand from Michigan, of which 
75% passed a 200-mesh sieve, appears to be absolutely pure quartz. 

Clay. When pure, clay consists of hydrated silica of alumina, the product 
of decomposition of feldspar. Ordinarily, various impurities are mixed with 
the day, so that, in general, clay may be considered a mixture of hydrated 
silica of alumina with other finely divided minerals. Mixtures of day and 
sand are found, varying from bed9 of nearly pure clay to beds of nearly pure 
sand, and no definite dassification can be made. 

The Effect of Moisture on Clay. Clay as generally found in excavations 
is in a plastic condition due to the presence of moisture, the amount of water 
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present varying greatly. On drying, the clay shrinks in volume and loses its 
plasticity, becoming a firm and coherent mass resembling in consistency a sun- 
dried brick. Large masses of clay are liable to crack into a number of small 
fragments during the process of drying, as the result of the shrinkage in vol¬ 
ume. When these lumps are crushed or ground the clay becomes an extremely 
fine or impalpable powder. The loss in volume due to the change in the 
condition of the clay from a moist, plastic state to a thoroughly air-dried 
condition may amount to from 10% to 20% of the original volume. Compact, 
moist clay is impervious to water in the sense that water cannot pass through 
it as it would through porous sand; but when clay is exposed to water the 
clay gradually absorbs the water, so that eventually the entire mass becomes 
saturated and softened by the water. 

Clay as a Foundation-Bed. Clay is not a reliable material on which to 
found a building; first, because of the plasticity of the clay when wet, and 
secondly, because of its tendency to shrink on losing its contained moisture. 
The plasticity of clay increases with the percentage of contained water, so 
that a firm, hard day may be converted into a liquid puddle by being agitated 
in the presence of a sufficient amount of water. The plasticity is also increased 
by pressure, as is shown by the action of day in a brick-machine. Clay, in a 
foundation-bed under moderate pressure imposed on it by the footing of a 
structure, frequently develops this quality of plasticity, the day moving 
out from beneath the footing and causing serious settlements and displace¬ 
ments of the footings. This movement of the day may be a local movement, 
as referred to each footing, in which case the clay flows from beneath the 
footing laterally toward the side and then upward, causing the surface of the 
adjacent material to rise and to form so-called bulges or waves. If this 
motion is uniform from the center toward the sides, the footing may settle 
vertically, but more frequently the movement will not be symmetrical and 
the footing will settle more on one side than on the other. Such movements 
of the clay may be reduced or prevented in some cases by the simple device 
of loading the surrounding soil, as, for example, by a concrete floor. 

Movements of Clay Foundation-Beds. The movement of the clay may 
be on a larger scale, amounting to a general flow of the day underlying the 
entire building toward some point where the pressure on the clay is less than 
the pressure resulting from the load of the building. Such general movements 
are more likely to happen if the building is located on the side of a hill, so that 
the day finds some outlet at a point below the level of the footings. It fre¬ 
quently happens that adjoining excavations cause settlements to buddings at 
a considerable distance, by affording an outlet to a bed of clay. As noted 
elsewhere, beds of clay resting on inclined strata of rock or other material 
are liable to move downward, sometimes with a slow, almost imperceptible 
movement, and at other times forming landslides of greater or less magnitude. 

Protection of Clay Foundation-Beds. Where the foundation-bed is day, 
or sand with a considerable amount of day, it js advisable to protect it from 
water-action, so far as is possible, by a system of drains surrounding the site 
of the building and by diverting the surface-water from the building. Care 
should be taken in back-filling around exterior walls to prevent any accumula¬ 
tion of water which might affect the material under the footing. The neglect 
of such precaution has frequently results in serious settlements during, or 
immediatdy after, construction. 

Mud, Silt, Peat and Other Unstable Materials. When the site of a struc¬ 
ture is in a marsh or on materials which are not capable of affording a safe 
foundation, the only alternative is to resort to the use of piles, piers, or coffer- 
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dams sunk to an underlying and firmer strata. Such constructions will be 
described in subsequent divisions of this chapter. 

Filled Ground. All artificial fills and some natural fills are liable to a more 
or less uniform but continuous settlement or shrinkage due to the gradual con¬ 
solidation of the material of which the fill is composed. Where the fill is of 
solid rock this consolidation may amount to little, but where the fill is of earth, 
and especially where it is of mixed materials, the shrinkage will not only be 
large in amount but will continue for a very long period. For example, where 
dirt has been thrown on top of a rock-fill each rain-storm will wash some of 
the dirt into the voids in the rock-fill, and this action will be continuous until 
all of the voids are filled in Any vegetable matter, or other matter liable to 
decay and shrinkage in volume, will increase the total shrinkage of the mass. 
Certain natural deposits, such as beds of peat or soils containing vegetable 
matter, are apt to shrink in volume from the same causes. When it is neces¬ 
sary to found a building on such material it is inevitable that the footings will 
settle with the mass, notwithstanding that the unit load on the foundation- 
bed is so small as to be negligible. In such cases the settlements may be vertical 
and uniform; but if the depth of the fill under one part of the building is 
greater than the depth under another part, the settlements will not be uni¬ 
form, as the shrinkage in the fill will, in general, be in proportion to the depth 
of the fill. No important building should be founded on such material and, 
wherever possible, the footings should be carried down through the filled-in 
material to some more reliable underlying stratum. 


8. Allowable Loads on Materials of Foundation-Beds 

General Considerations. Owing to the infinite number of variations in the 
materials encountered and the conditions affecting the reliability of such 
materials, no general or definite rule can be given, and every case should be 
carefully investigated before determining the allowable unit load on the 
foundation-bed. If the material and conditions are uniform over the entire 
site of the building a uniform unit load may be used, but in practice it is 
frequently found that entirely different conditions exist under different por¬ 
tions of the same building and in such cases great care must be exercised in 
determining the unit loads. For instance, one section of a building may rest 
on rock and another section on a light compressible soil or on a clay of doubt¬ 
ful stability. In such cases the unit load on the compressible soil or on the 
day must be reduced as much as possible so as to reduce the differences in 
settlements between the two sections of the building to a minimum. If the 
entire building were on a compressible soil a very considerable settlement 
might be allowable, provided it was uniform; but in this particular case it is 
known beforehand that the part of the building on rock will not settle at all 
and that any settlements of other parts of the building must be considered as 
unequal settlements, and, as such, liable to produce cracks and distortions in 
the building. It is also important to remember that a certain unit load on 
compressible soil may be safe, in that the soil will ultimately safely support 
that load; but the use of that load would nevertheless be inadvisable on 
account of the excessive settlements. In this connection it may be said that 
a considerable settlement, if uniform, in a detached building may be a matter 
of no importance; but that where a building is to be constructed in contact 
with adjoining buildings or where additions are to be made to an existing 
building, the total amount of settlement becomes a matter of prime impor¬ 
tance. These and other considerations, such as the character of the proposed 
building and of the material composing it, should be borne in mind in selecting 
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the unit load for any given foundation-bed, irrespective of the allowed pres¬ 
sure as given by building codes or by examples quoted in this chapter. 

Safe Loads on Rock. The safe unit load on rock may often amount to 
more than the crushing strength of brickwork or stone masonry, and in nearly 
all cases any material worthy of the name of rock is capable of supporting 
from 15 to 40 tons per sq ft. 

Safe Loads on Sand, Gravel and Boulders. When compact and confined 
laterally these materials are capable of supporting 10 tons per sq ft without 
appreciable settlement. It rarely happens, however, that it is advisable to 
load such materials with more than 5 tons per square foot. 

Safe Loads on Loose Sand. By loose sand is meant sand which has not 
been thoroughly compacted and which may settle by its own weight inde¬ 
pendently of a superimposed load. All such materials should be tested and 
the unit load reduced in accordance with the result of such tests. 

Loads on Fine Sand or Quicksand. It is probable that fine sand, if abso¬ 
lutely confined, will sustain as heavy a load as coarse sand, but in view of 
the fact that if afforded the slightest opportunity it is liable to lateral displace¬ 
ment, it is inadvisable to found any structure on such material When it is 
imperative to place the footings on such material the unit load should be 
reduced as much as possible and preferably to less than 2 tons per sq ft, and 
great care should be taken to connect all footings with a continuous layer of 
concrete so as to prevent any flow of material into the cellar-excavation. Care 
should be taken, also, that any sumps, pump-pits, drainage-arrangements and 
sewer-connections for the building do not permit the escape of any quicksand. 

Safe Loads on Hard-pan and certain cemented sands partaking of the 
nature of hard-pan may approximate rock in hardness and reliability. Such 
materials, however, arc liable to soften if exposed to w r ater. If these materials, 
when uncovered, are dry, experiments should be made to determine how they 
behave when wet, and if the level of the water in the ground is liable to change 
so as to reach the layer of hard-pan, the load should be correspondingly re¬ 
duced. Cemented hard-pan containing gravel has been frequently loaded 
with more than 10 tons per sq ft. Care should be taken, however, to deter¬ 
mine that the layer of hard-pan is continuous to a solid substratum, as it 
frequently happens that layers of hard-pan and fine sand or clay are deposited 
alternately. 

Safe Loads on Clay. Ordinary clay should not be loaded with more than 
2 tons per sq ft. If soft and plastic, a load of 2 tons per sq ft may produce 
inadmissible settlements. Clay containing so large a percentage of sand as to 
lose its plasticity has been loaded with from 4 to 0 tons per sq ft without undue 
settlements, and sand or gravel containing sufficient clay to act as a cementing 
material will partake of the qualities of hard-pan. In general, however, clay 
is the most dangerous of all the materials on which structures are founded and 
the unit load should be reduced to a minimum and every precaution taken to 
prevent the flow of material. Undue reliance should not be placed upon load¬ 
ing-tests of clayey soils. It is probable that a loading on a large area which 
will produce a movement of the clay will on a small area have no effect, so 
that it is unsafe to rely upon the results of a test-load applied to an area smaller 
than the actual supporting area to be used From the experience gained in 
the construction of large buildings in Albany and Chicago which were 
floated on clay, the allowable unit load has been generally reduced to 2 tons 
per sq ft and, in the writer's experience, a load of less than 2 tons per sq 
ft on day has produced settlements varying from nothing to 12 in. 
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9. Unit Loads on Foundation-Beds Allowed by 
Building Codes 

Variations in Building Codes. Table I gives an outline of the requirements 
of different cities as to the allowable unit loads on different materials, as 
contained in their respective building codes or regulations. While the 
allowed loads given may in some cases be based upon actual experience in the 
respective localities, it is more likely that they are based upon the individual 
experience of the authors of the codes, or are copied from other codes. The 
architect should, therefore, not place too much reliance on the unit loads 
allowed by the codes, but should investigate each case and determine for 
himself the proper allowance to be made. 

Special Requirements of Some Building Codes. The New Orleans code 
limits the maximum load to 1 400 lb per sq ft, the entire city being on an 
alluvial-delta formation. 

The Buffalo code limits the load on soil to 3^2 tons per sq ft; if the soil 
is other than hard clay or gravel the supporting areas “shall be extended as 
directed.’* 

The Cincinnati code limits the load on soils inferior to those listed, to 1 
ton per sq ft. 

10- Investigation of the Site 

General Considerations. To determine the character of the materials 
which will be encountered at the level of a foundation-bed, the architect 
should first get as definite information as possible from others as to their expe¬ 
rience in making excavations and erecting buildings in that vicinity. In 
some localities the subsoil conditions are uniform over large areas, while in 
other localities important variations may occur within the limits of a city lot. 
Abrupt changes in surface-topography, changes in the character of the surface- 
soil or in the native vegetation, proximity to old or existing water-courses are 
suggestive of subsurface irregularities. In such cases, and in all cases where 
there is any doubt as to subsurface conditions, a sufficient number of explora¬ 
tory borings or testpits should be made to determine the facts. This explor¬ 
atory work should go below the level of the proposed footings, should deter¬ 
mine the ground-water level and insure that no unsuspected layer of quick¬ 
sand or other unsuitable material underlies the foundation-bed. The methods 
in use for such explorations are as follows: 

Testing in an Open Pit. For shallow work an open pit is the most satis¬ 
factory method as it allows actual inspection of the undisturbed material 
over a considerable area. If the excavation is in firm material, no sheet¬ 
piling or other protection may be required; but if in flowing material, or if 
carried deeper than adjoining footings, timber sheeting or steel sheeting should 
be employed. If the excavation is carried no deeper than the proposed 
footing-level, the underlying material should be tested by one of the methods 
hereinafter described. 

Testing with Steel Bars. A steel bar with a pointed end or a steel pipe 
provided with a steel point is driven to the required depth by a maul or by a 
falling weight. While no samples can be obtained by this crude method, it 
may determine the ground-water level, and a little practice will enable one to 
distinguish sandy from clayey soils by the sound given out when the bar is 
twisted. The difficulty of driving is a rough index of the degree of the com¬ 
pressibility of the soil. It should be remembered, however, that any dry 
material will afford considerable resistance to the bar and that a small boulder 
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will stop it; so that not much reliance can be placed on a report that the bar 
DROVE HARD or that it REACHED ROCK. 

Testing with Post-Hole Diggers. For shallow explorations in easily ex¬ 
cavated material, the ordinary post-hole digger used for fence-posts, or the 
longer and larger ones used for telegraph-poles, can be used to depths of from 
6 to 8 ft. 

Testing with Augers. In clay or similar material a single or double-twist, 
carpenter’s auger welded to a long rod, or the so-called pod-auger may give 
satisfactory samples. In gravel or loose and sandy material, the sides of the 
hole fall in, clogging the operation and destroying the samples. 

Testing by Dry-Pipe Borings. A pod-auger or the above-described 
carpenter’s auger can be used inside a casing-pipe. The pipe should be 
driven so as to keep close to the bottom of the hole made by the auger. The 
pipe prevents the material falling from the sides of the hole and the auger 
excavates and loosens the material ahead of the pipe and facilitates driving. 
The above methods are not generally successful for deep holes or where gravel, 
boulders or compact material interferes with driving the pipe. 

Testing with Wash-Pipes. For test-borings over 10 ft in depth the method 
in most frequent use is the wash-pipe method. In this method a wrought- 
iron or steel pipe known as the casino-pipe or drive-pipe is driven into the 
earth in much the same way as in the dry-pipe method, but the driving of 
the pipe is facilitated by the use of a jet or water. The lower end of the 
casing-pipe is provided with a hollow shoe or reinforcement, slightly larger 
in outside diameter than the casing. This serves to protect the pipe from 
injury in driving through gravel or hard-pan, and forms a hole slightly larger 
than the diameter of the casing. The upper end of the drive-pipe is pro¬ 
tected from injury by an annular drive-head which has a threaded part 
fitting the thread on the casing-pipe and a central hole to admit the jet-pipe. 
The jet-pipe is small enough to permit it to freely enter the casing-pipe. 
The lower end is contracted so as to produce a jet-action. The upper end is 
connected with a water-supply which must he under considerable pressure. 
The driving-mechanism consists of a cast-iron weight with a central vertical 
hole large enough to admit the wash-pipe, and stationary verticals supporting 
a block-and-falu and an arrangement which releases the weight when it has 
reached a predetermined height. With this arrangement, water is continu¬ 
ously pumped through the jet-pipe, the length of which is regulated so that 
the jet-action loosens the material immediately below or ahead of the cas¬ 
ing. Some of the jetting water returns to the surface outside of the casing 
and thus lubricates the surface in contact with the outside material. An¬ 
other part of the water returns to the surface in the annular space between 
the wash-pipe and the casing, carrying with it particles of the material 
loosened by the jet. As the jet loosens and washes away the material imme¬ 
diately below the casing, the latter is driven deeper by repeated blows of 
the ram, the driving and washing being carried on at the same time. The 
operation is thus continuous until the top of the casing comes close to the sur¬ 
face of the ground, when the hammer drive-head and hose-connection are 
removed to permit additional lengths of pipe to be added to the casing and 
wash-pipes, after which the hose-connection, drive-head and hammer are 
replaced and the operation is resumed. 

Borings can be made by this method to great depths in sand, clay or other 
suitable material. Samples of the material encountered are obtained by set¬ 
tlement from the water returning between the jet-pipe and wash-pipe. These 
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samples are not accurate samples as the water separates the materials. The 
finer particles do not settle readily and the large and heavy particles may not 
be brought up at all. It i*- evident that such samples do not give any index 
as to the solidity of the original deposits. If large gravel, hard-pan or 
boulders are encountered there will be great difficulty in forcing the casing 
past such obstructions. In such cases a drill-rod is sometimes substituted 
for the jet and the obstruction broken up into small pieces or pushed to one 
side; but in either case it is difficult to get any sample or real indication of the 
character of the obstruction. If solid rock or large boulders are encountered, 
no further progress can be made with the casing and no sample can be ob¬ 
tained by this method. Resort must then be had to one of the CQRE-boring 
methods described hereafter, to determine the character of the obstruction 
encountered. 

Testing by Core-Borings. These borings can be made through rock or 
boulders and accurate samples obtained In all core-boring methods the hole 
is made by rotating a pipe-like tool winch makes an annular cut in the rock 
and leaves a cylindrical core which is afterwards detached and brought to the 
surface by a gnpping-tool called the cork-lifter. The cutting is done in 
different ways 

Diamond Bits arc annular rings fitted on the lower end of the hollow pipe 
used as the rotating drill-rod and furnished with a number of small diamonds 
arranged so as to form cutting-edges, which, when rotated in contact with the 
rock, gradually wear away the required annular space. The diamonds em¬ 
ployed arc known as bort, biack diamonds, or carbons, and their only 
resemblance to the stones used by jewelers is the necessary hardness The 
carbons are skillfully secured in a soft metal bed. in sockets drilled in the bit, 
and they project below the bit and also sufficiently inside and outside to 
insure the cutting of a groove large enough to provide clearance for the bit 
and the attached drill-rod or pipe. 

Shot-Drills. The same result is arrived at by the shot-drill method, by 
which particles of chilled cast iron called shot arc used as the abrasive or 
cutting-agent. The shot is poured loose into the hole and forced against 
the rock by the rotating bit. 

Efficiency of Drill-Methods. Both of the drill-methods mentioned are ex¬ 
pensive, but as they are the only methods which will give an accurate sample 
in rock, one or the other must be employed where the accurate determination 
of rock is necessary. If the core corresponds to the known underlying rock- 
formation and the rock is continuous for a length of from 8 to 20 ft, it is safe 
to assume that solid rock has been reached. If, however, the core is of dif¬ 
ferent rock from the known underlying formation, the probability is that a 
boulder has been encountered. If the core is not continuous it may indicate 
that there are seams in the rock or that there are detached rock-masses. The 
above-described methods are used after the overlying earth has been pene¬ 
trated by one of the pipe-sinking methods previously described. 

The Results of Pipe-Borings arc frequently misleading and misinterpreted, 
and great care should be taken to compare the samples with samples obtained 
from other borings where the exact character of the materials tested is known. 

11. Loading-Tests 

General Considerations. Loading-tests of the materials forming the foun¬ 
dation-bed are made to assist in determining its safe bearing capacity. It is 
not known to what extent the supporting power of a given soil varies with the 
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area subjected to the unit load, and tests on small areas are not a safe guide 
for the safe load on large areas. Moreover, the underlying material is not 
tested, except by a very small increment of load. On account of the expense 
involved, tests on large areas arc rarely made, the usual test being on an area 
of about 1 sq ft. The test should be made on an undisturbed portion of the 
foundation-bed, leveled to receive the test-load, and for a space around the 
area tested, so that the adjoining material is not reinforced or surcharged 
by a bank of unexcavated material. The load should be applied with the 
least possible jar or movement of the surface in contact with the material of 
the foundation-bed. 

Explanation of Methods. A convenient arrangement for this purpose 
consists of a vertical timber or post carrying a platform to receive the test¬ 
load, and having four horizontal guys at the top to keep the post in a vertical 
position. The bottom of the post, forming the loading-area, should be approx¬ 
imately 12 by 12 in and its exact area should be known. The platform, suffi¬ 
ciently strong to support the load to be applied, should be concentric with the 
post and as close to the bottom of the post as practicable. The load may be 
pig iron, cement or sand in bags, or any other convenient material. The 
guys should be not less than four in number, should be attached to the top 
of the post and should lead horizontally so as not to pull up or down on it. 
Levels should be read to a point on the post above or below the load, as may 
be most convenient. The load should be applied gradually and with the 
least possible jar, care being taken, also, to keep the loading uniform on 
opposite sides of the post, which should be always vertical. Levels should 
be taken at frequent intervals during the application of the load. The level 
observed when the platform is first in position may be taken as zero and 
successive settlements referred to it. When the proposed unit load has been 
reached, no additional load should be added until no further settlement is 
observed. After this, first 50 and later 100% overload may be added and the 
total and periodic settlements observed. If the settlement under a test-load 
of twice the proposed load is not excessive, the test is considered satisfactory. 

12. Topographical and Special Conditions 

Excavations over Inclined Strata. In case the site of a proposed building 
is on a slope, and especially if the slope is steep, there may be danger from a 
slip of the material forming the foundation-bed. (See Solid Rock, Sec. 7 ) 
This may occur if there is an inclined plane of separation between layers of the 
underlying rock, or between the rock-surface and the material overlying the 
rock, or if inclined strata or beds of clay occur below the foundation-bed. 
Slips in such locations are the more likely to occur if water is present, as the 
water increases the weight of the soil and also reduced the coefficient of 
friction against sliding. Such conditions are frequently indicated by the 
appearance of springs or springy ground below the site. Where the base of 
the slope reaches a stream or river there may be danger from the washing 
away of banks which have been supporting the side slopes of the valley. In 
the case of deep valleys with steep clay banks, or in any location where land¬ 
slides have been known to occur, great care should be taken to extend the 
footings to a bed that will not be affected by any landslide. It sometimes 
happens that there is a slow, continuous and general movement of the mate¬ 
rial forming the side slope of a valley toward the center of the valley; but 
such conditions are rare, fortunately, as, in general, no adequate protection 
is possible. In certain limestone formations there is danger from natural 
caves formed in the limestone by the action of water. 
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Excavations Near Navigable Waters. When buildings are located near 
navigable waters, it not infrequently happens that dredging-operations at a 
considerable distance induce a flow of fine sand or clay from strata underlying 
the adjoining banks. This has occurred where the existence of such strata 
was not suspected. This danger is especially to be guarded against in marshy 
localities adjoining waters which are, or may be, used as navigable streams, or 
in locations near the water-front where it is likely that docks will be con¬ 
structed. 

Damage from Adjoining Excavations. Common and statute laws make 
general provision for the protection of property-owners against damage 
resulting from the acts of others in making such excavations; but an owner 
has usually no control over such operations, whether on adjoining properties 
or streets, and in general will prefer the assurance of safety to the possibility 
of damage to his building and the expense and uncertainty of a lawsuit. 
While it is not always possible to guard fully against the effects of adjoining 
excavations, and while the expense of so doing is not always justifiable, due 
consideration should be given to the matter. The following suggestions, 
therefore, may be of value. 

Depth of Adjoining Excavations. Footings adjacent to property-lines 
or situated where there is a probability of future additions to a building, or 
footings of a building which adjoins property liable to become the site of 
building-operations, should go down at least as deep as the maximum prob¬ 
able depth of the adjacent work. In estimating these probabilities, the char¬ 
acter of the location should be taken into account. In medium-priced resi¬ 
dential sections footings are rarely carried much deeper than 10 ft, a sufficient 
depth for a cellar of medium height below grade. In high-priced residential 
sections it is not unusual to have both a basement and a cellar, in which case 
a depth of cellar below grade up to 20 ft may be expected. Cellars for resi¬ 
dences are rarely carried below 10 ft, if in reaching that depth the excavation 
goes below the water-level. In fact, a high water-level discourages deep 
excavation, not only on account of the increased difficulty and expense of 
excavation but also on account of the expense of waterproofing. In business 
sections, especially in locations where high ground-rental prevails, there is 
not only an increasing tendency but a demand for deep basements. Deep 
basements allow the placing of boiler-rooms and mechanical equipment at 
the lowest level, permitting the renting of one or even two or three base¬ 
ments Basement space is especially valuable to banks, not only for the 
storage of valuable papers, securities, etc., in their three- or four-storied 
security vaults, but also as banking and coupon rooms. To create such 
basements, it has been necessary to make excavations 80 to 100 ft below 
grade, even though the water-level was within a few feet of the street level. 
The Barclay-Vesey Building of the New York Telephone Company in New 
York has five basements aggregating a volume of 3 629 800 cu ft below grade. 
The Federal Reserve Bank of New York with its five basements has a base¬ 
ment volume of 3 230 350 cu ft, approximately one-fifth of which is used for 
a specie and security vault. Other banks,'as the Chase National Bank and 
Irving Trust Company, have three-story vaults and public banking-rooms in 
the basements. 

Sewers and Trenches as Affecting Foundations. In cities and towns 
consideration should be given to the possibility of the construction of trenches 
in the streets. For the majority of localities it will be sufficient to consider 
the probable depth of a sewer of the proper depth to serve the street. In 
other localities it will be necessary to consider the broader question as to the 
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probability of deeper excavations for trunk sewers, subways, etc. As such 
constructions are controlled by broad topographical considerations, no gen¬ 
eral rules can be given and the local city engineer should be consulted. 

Foundations Near Mines, Shafts, Wells, etc. In mining-districts local 
authorities should be consulted Its to danger from the caving of old mine- 
workings. No adequate provision can be made in the foundation against 
such widespread caving or subsidence as may result from mining-operations. 
In some cases, successive falls of rock-fragments from the roof may gradually 
fill the voids left by the mining-operations, as the loosely piled fragments of 
the roof will occupy more space as pill than they did as part of the solid roof- 
mass. It sometimes happens that where the original working is deep, pro¬ 
gressive falling of the roof fills all voids, and no surface-settlements result. 
In other cases the overburden may settle as a solid mass, causing a settlement 
at the surface equal to the thickness of the old working. Precautionary 
measures may involve the filling in of the workings, a subject outside the 
limits of this chapter. In the case of an important building a local mining 
engineer should be consulted or, if possible, the location of the building 
changed to a safer site Mining-shafts, deep wells, shafts for tunnels, 
etc., may cause disturbances of the soil, but in such cases the settlement is 
generally concentrated around the shaft or well, and buildings at a reason¬ 
able distance are slightly affected, if at all. 

Foundations Near Tunnels and Trenches for Railroads and Subways. 
In large cities the necessities of transportation are increasingly calling for con¬ 
struction of underground railroads, tunnels and subways. Such con¬ 
structions are generally planned to follow streets. Railroad tunnels for trunk 
lines can be expected to follow direct lines to centrally located stations or 
terminals along routes which avoid, as far as possible, difficulties of construc¬ 
tion, condemnation of real estate and damage to high-priced properties. 
The depth of excavation will generally be as shallow as practicable Where the 
tunnel has to dip to pass underneath some obstruction, the approach-grades 
will probably be at the maximum or limiting grade of the particular section. 

Relation of Subways to Foundations of the Most Important Buildings. 
In sub way-cons trttction for rapid-transit passenger service, the lines can 
be operated on sharper curves and with steeper grades than would be used in 
the case of a trunk-line railroad. This permits the lines to follow closely the 
lines of the city streets. For traffic-considerations the locations will, in gen¬ 
eral, follow the principal arteries of surface traffic, and stations will, in general, 
be located at intersections of important streets, where there is the greatest 
congestion of population. As such conditions are caused by the existence of 
trade-centers, ahd call for the construction of high buildings, it may readily be 
seen that the heaviest and most important buildings are most likely to have 
their foundations affected by the construction of a subway in their immediate 
vicinity. Where there is reason to apprehend the construction of such SUB¬ 
WAYS or tunnels, information should be sought as to the probable depth of 
the excavation, the depth at which water is encountered, the character of the 
material, the probable width of the construction as affecting the use of side¬ 
walk vaults, and the method to be employed in making excavations Where 
the excavations for such tunnels and subways have been carried below the 
levels of the footings of adjoining buildings, as in Baltimore, Boston, Brooklyn, 
Chicago, New York City and Philadelphia, buildings along the routes have 
been seriously affected. Such results have not been limited to any particu¬ 
lar methods used in the construction of the tunnels, as even where the excava¬ 
tions were wholly, or partly, in rock, serious damage has been done. 
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13. Loads Coming on the Footings 

The Loads to be Considered in the design of the footings of a structure are: 

(1) The Dead Loads, or the loads due to the actual weight of the completed 
structure, ready for occupancy. 

( 2 ) The Live Loads, or the loads due to the occupancy of the building and 
also to the weight of snow on the roof 

(3) The Wind-Loads, or the vertical components of stresses in the structure, 
produced by wind-ptessure 

(1) The Dead Load. The dead load of any structure can be accurately 
calculated If the structure is properly designed the part of the dead load 
supported by each element of the foundation can be definitely stated. The 
total dead load becomes effective as soon as the budding is completed, and 
remains constant thereafter unless additions or alterations are made to or in 
the structure. 

(2) The Live Load. The live load of any structure is the sum of the 
roof-loads and floor-loads In designing the roof and floors the calculations 
for strength are based on an assumed unit load which should be the maximum 
load, consistent with the probable use of the structure, to which any portion 
of the roof or floor may ever be subjected. The assumed live load is, there¬ 
fore, probably greater than the average load for the entire area of a floor or 
the entire area of the roof. Moreover, as it is improbable that conditions of 
maximum loading will ever occur simultaneously on the roof and on all of the 
several floors, it is probable that the maximum load on the footings will be 
less than the sum of maximum loads on the roof and on the several floors. 

The Minimum Live Load for ail unloaded building is zero. 

The Actual Live Load will vary from zero to a maximum, which maximum 
will generally be less than the total assumed live load. 

The Ratio of the Probable Maximum Live Load to the Assumed Live Load 
varies in different buildings, so that no table or general rule can be given. 

The Probable Maximum Live Load. As it is important to know, approxi¬ 
mately at least, the maximum live loads to which the footings will be sub¬ 
jected, and as this maximum may be only a fraction of the assumed live loads, 
the architect should make a careful study of the conditions of loading to which 
the building will probably be subjected and estimate the probable maximum 
live load for the entire building. 

Data for Estimating Live Loads. In estimating the probable maximum 
live loads for different uses, the following notes may be of value. In certain 
buildings the assumed unit loading on the roof and on parts of each floor may 
be reached at various times, but it is unlikely that the maximum loading of 
all parts of the building will occur at the same time. In buildings of many 
stories the probability of having maximum loads on all of the floors at the 
same time decreases with the number of stories. 

Ordinary Household and Offlce-Furniture weighs from 5 to 10 lb per sq ft of 
space occupied. While safes, bookcases or filing-cases may produce local 
loadings of from 10 to 100 lb sq ft, the average load on office-floors rarely 
reaches 10 lb per sq ft. 

Residences, Apartments and Parts of Hotels not used for public assemblies 
are rarely loaded with more than 5 lb per sq ft of floor-area. 

Retail and Wholesale Stores require a large percentage of the floor-area for 
the use of salespeople and customers, and not over 50% of the floor-area is 
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used for the storage of stock. In estimating the weight of miscellaneous 
stocks, an average between the lightest and heaviest classes should be taken 
for the weight per cubic foot, and also, in figuring the total space occupied 
by stock, an average should be taken between the maximum and minimum 
amount of stock carried. In retail dry-goods stores the floor-load for 
the entire building may amount to not more than 25 lb per sq ft, but in whole¬ 
sale stores, and especially in grocery and hardware stroes, the average load 
may greatly exceed this figure. 

In Workshops, Loft-Buildings and Buildings for Manufacturing, the actual 
live loads will, of course, vary with the class of material handled and the 
weight of the machinery used, and no general estimate can be made. ' Where 
the character of the occupancy to be expected is known it is possible to make 
a close approximation of the weights of machinery, fixtures and average stock 
on each floor. 

Storehouses. In buildings used, in whole or in part, for storage purposes 
a floor may be used for light, bulky materials which, when stowed so as to 
leave gangways and working-spaces, will give a resultant load much below 
the assumed load. On the other hand, the heaviest materials may be com¬ 
pactly piled from floor to ceiling in defiance of building regulations, posted 
notices and common sense. Raw materials or crated or baled materials can 
be packed closer than miscellaneous articles, and are therefore liable to in¬ 
crease the loads. Security vaults in addition usually provide for a live load 
of approximately 600 lb per sq ft, and in the case of bullion storage the live 
load may be as high as 1 800 lb per sq ft or more. 

The Ratio of the Total Probable Maximum Live Load to the Total Assumed 
Live Load having been determined for the entire building, the probable maxi¬ 
mum live load for any element of the footing may be readily obtained by 
multiplying the assumed or calculated live load for that element by this ratio. 

(3) The Wind-Load is generally calculated on the assumption that the wind 
may exert a uniform pressure, frequently taken at 30 lb per sq ft, on the entire 
external area of any side of the building. This assumption makes no deduc¬ 
tion for the protecting influences of adjoining buildings. In a building of any 
size it is improbable that the maximum pressure will be reached over the 
entire exposed area at the same instant of time, and consequently, if the 
assumed pressure represents the maximum pressure, the average, at any 
time, will be less than the calculated total. 

General Effect of Wind-Pressure. The horizontal pressure of the wind 
tends to increase the load on footings on the leeward side of the building and 
to decrease the load on footings on the windward side. In many buildings 
diagonal bracing, called wind-bracing, or other special construction, is used 
to prevent the building from being deformed by the wind-pressure and to 
convert the horizontal stresses due to the wind-pressure into vertical com¬ 
ponents, acting along defined lines of support, that is, into either uplifts or 
loads on certain walls, piers or columns. Where the uplift on any element 
of the structure is less than the dead load on the same element, the uplift is 
ignored. Where the vertical component increases the compression in any 
element it is called the wind-load in that element of construction and on 
the corresponding footing. The design is generally based upon concentrat¬ 
ing all of the wind-load on certain external footings. If, on account of the 
general rigidity of the building, or on account of any other reason, the wind- 
stresses reach footings not designed to receive wind-loads, the amounts 
figured on the external footings will be reduced correspondingly. It is 
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probable that the maximum effect of the wind results from a series of impulses 
of short duration and that the effect of such pulsations may be partially 
overcome by the inertia and elasticity of the buildings; so that the resultant 
load reaching the footing may be only a part of the theoretical load for the 
instant during which the maximum pressure is exerted. (See, also, Chapter 
on Wind-Bracing of Tall Buildings.) 

The Probable Maximum Wind-Load acting on the footing is, therefore, less 
than the theoretical load due to the maximum wind-pressure. If the assumed 
wind-load represents approximately the maximum wind-pressure, as recorded 
by a wind-gauge, it would appear safe to assume that only 50% of the assumed 
wind-load would act to produce a settlement in the footings of a buiiding. 
Some authors recommend that in proportioning footings all wind-loads be 
ignored; but this, especially in the case of high and narrow buildings, is mani¬ 
festly improper. The minimum wind-load is negative, being actually an uplift 
from which the load may vary to the maximum, but the maximum will be 
reached only at rare intervals and will endure for a short period only. 

The Combined Wind-Load and Live Load. It is improbable that the maxi¬ 
mum wind-load and the maximum live load will occur at the same time, which 
consideration should be borne in mind when the estimate is being made as to 
the effective wind-load. 


14. Assumed Loads Specified by Building Codes 


Table II. Requirements of Building Codes for Assumed Loads 
for Office-Buildings 


City 

Requirements 

Akron, Ohio. . 

Live load, 80 lb per sq ft 

Footings, piers and walls designed for dead load and 
the following live load: Roof, full live load; top floor, 
90%; for each lower floor, a reduction of 5% until a 
reduction of 50% of full live load is reached, when 
such reduced load shall be used for remaining floors. 
Wind load, 20 lb per sq ft 

Atlanta, Ga.... 

Live load, 75 lb per sq ft above 1st floor; 150 lb per sq ft 
on 1st floot. Wind-load, 30 lb per sq ft 

Footings designed for dead load and 60% of live load 
and wind-load 

Boston, Mass. 

Live load, 60 lb per sq ft above 1st floor; 125 lb per sq ft 
on 1st floor 

Wind-load: for 40 ft in height 10 lb per sq ft. Portion 
from 40 to 80 ft above ground, 15 lb per sq ft. Por¬ 
tion more than 80 ft above ground, 20 lb per sq ft 
Foundation designed for dead load and 75% of live toad 

Buffalo. N. Y. 

Live load, 50 lb per sq ft above 1st floor. 120 lb per 
sq ft on 1st floor if used as stores 

Walls, piers and footings designed for dead load and the 
following live load: Roof, full live load; top floor, 
85%. For each succeeding lower floor a reduction 
of 5% until 50% of full live load is reached, when 
such reduced load shall be used for remaining floors 
Wind-load, 30 lb per sq ft 
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Table II (Continued). Requirements of Building Codes for 
Assumed Loads for Office-Buildings 


City 

Requirements 

Chicago, Ill 

Live load, 50 lb per sq ft; 50% of the live load used for 
piles Piers and walls designed for 85% of live load 
on top floor and reduced by 5% for each lower floor 
until 50% is reached, when such reduced loads shall 
be used for the remaining floors Wind-load, 20 lb 
per sq ft 

Cincinnati, Ohio 

Live load, 50 lb per sq ft above 1st floor; 100 lb for 1st 
floor. Live load reduced by 5% for each floor below 
the top until 20% is reached, when such reduced 
loads shall be used for remaining floors. Wind-load, 

20 lb per sq ft above surrounding buildings 

Cleveland, Ohio . 

Live load, 70 lb per sq ft 

Piers, footings and wall designed for dead load and the 
following live load: Roof. 100%, top floor, 90%; for 
each lower floor, a reduction of 5% until a reduction 
of 50% of full live load is reached, when such reduced 
load shall be used for the remaining floors 

Wind-load, 20 lb per sq ft 

Jacksonville, Fla... 

Live load, 90 lb per sq ft in entrances and public rooms, 
60 lb per sq ft in other rooms 

Footings designed for dead load and 50% of live load 
Wind-load, 30 lb per sq ft 

Louisville, Ky. 

Live load, 75 lb per sq ft above 1st floor; 150 lb per 
sq ft on 1st floor 

Footings designed for dead load and 40% of live load 
Wind-load, 30 lb per sq ft 

Minneapolis, Minn 

Live load, 75 lb per sq ft above 1st floor, 100 lb per 
sq ft for 1st floor. Wmd-load, 30 lb per sq ft Roof 
and top floor, full live load For each succeeding 
lower floor, a reduction of 5% until 50% is reached, 
such reduction being used for the remaining floors 

Newark, N. J. 

Live load, 60 lb per sq 1 ft above 1st floor, 100 lb per sq ft 
on 1st floor 

Footings designed for dead load and the following live 
load: Roof and top floor, full live load; for each 
succeeding lower floor, a reduction of 5% until 50% 
of full live load is reached, when such reduced load 
shall be used for remaining floors 

Wmd-load, 30 lb per sq ft 

New Orleans, La.. 

Live load, 75 lb per sq ft 

Foundation and piers designed for dead load and 20% 
of live load 

New York, N, Y s 

Dead load shall include weight of partitions or an allow¬ 
ance of 20 lb per sq ft for same 

Live loads: Roof, 40 lb per sq ft when pitch is 20° or less 
and 30 lb per horizontal square foot, with pitch more 
; than 20°. Roof, full load: top floor 85%; for each 
lower floor, a reduction of 5% until 50% of full live 
load is reached when such reduced load shall be used 
for remaining floors 
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Table II (Continued). Requirements of Building Codes tor 
Assumed Loads for Office-Buildings 


City 

Requirements 

New York, N. Y. . 

Wind load: Buildings over 100 ft high, 20 lb per sq ft 
| above 100 ft level. Buildings less than 100 ft high, 
or when height is less than two and one-half times 
least width, wind may be neglected; otherwise 20 
lb per sq ft on upper 50% of height The over¬ 
turning moment is not to exceed 80' { of the moment 
of stability of the dead loads, unless anchored to 
foundation 

Pacific Coast. 

Live load, 50 lb per sq ft 

Piers, walls and foundations designed for dead and the 
following live loads: 1 story 100%, 2 stones 90%, 

3 stories 80%, 4 stories 70%, 5 stories 60%, 6 stones 
55%, and 7 stones or more 50% of full live load 
Wmd-load, 10 lb per sq ft for buildings less than 40 ft, 

20 lb per sq ft for buildings more than 40 ft above 
ground 

Philadelphia, Pa 

Live load, 60 lb per sq ft 

Columns, piers, walls and foundations designed for dead 
load, the following reductions of live load per incre¬ 
ment are permissible. Carrymg one floor, no per cent, 
two floors, 10% ; three floors, 20%, four floors, 30%; 
five floors, 40%, six floors (or more;, 50% 

Wind-load, not less than 20 lb per sq ft over entire 
surface except isolated buildings where it shall not 
be less than 25 lb per sq ft 

Portland, Ore . 

Live load, 60 lb per sq ft above ground floor, 125 lb 
per sq ft on ground floor 

Piers and walls designed for dead load and the following 
live load. Roof, full live load, top floor 95% and for 
each succeeding lower floor a reduction of 5% until 
50% of full live load is reached, when such reduced 
load shall be used for remaining floors 

Wmd-load, 20 lb per sq ft 

Richmond, Va. . 

Foundations designed for dead load and 60% of the 
live load 

St Louis, Mo. 

Live load, 60 lb. per sq ft; 1st floor, 100 lb. Loads 
carried by the soil, total dead load and 10 lb per sq ft 
of all the floor area 

Wind-load, 30 lb per sq ft 

St Paul, Minn . 

Live load, 60 lb per sq ft above the 1st floor. First 
floor, 125 lb 

Roof and top floor, full load; for each lower floor, a 
reduction of 5% until 50% of the full live load is 
reached, when such reduced load shall be used for tha 
remaining floors. Footings designed for dead load 
and live load 

Wind-load, 30 lb 
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Minimum live loads allowable for use in design of buildings as recom> 
mended by the Building^Code Committee of the Bureau of Standards, U. S. 
Department of Commerce, are: 

Residences, hospitals or hotel guest rooms and tene¬ 


ment houses. 40 lb per sq ft 

Office-buildings, churches, schools, theaters, etc... 50 lb per sq ft 


In this case provision must be made in the floor design to satisfy the presence 
of a concentrated load of 2 000 lb on an area of 2 ft 6 in square. 

Corridors, lobbies, public spaces, assembly halls, 

stairways . . 

General storage purpose floors . 

Special storage purpose floors, printing plants, 

wholesale stores .. . 

Light manufacturing, retail salesrooms, stables .. 

Garages, all type of vehicles. 

Garages, passenger cars only. 

Sidewalks, 250 lb per sq ft or 8 000 lb concentrated, 
largest moment or shear. 

Roof loads, 30 lbs per sq ft as live load, or 20 lb per sq ft normal to the 
roof surface if roof slopes 45° or more. 

Reductions in live loads, except in buildings for storage purposes, the 
following reductions in assumed total floor live loads are permissible in 
designing all columns, piers, walls, foundations, trusses, and girders: 

Carrying 1 floor. 0% 

Carrying 2 floors . ... 10% 

Carrying 3 floors.20% 

Carrying 4 floors.30% 

Carrying 5 floors . 40% 

Carrying 6 floors. 45% 

Carrying 7 or more floors .... 50% 

The dead load in a building includes the weight of all permanent construe* 
tion and stationary construction entering into the building. 

Reduction in Assumed Loads. The building codes of various cities con* 
tain rules governing the assumptions to be made as to live loads and wind- 
loads, and these rules generally provide for some reduction in the assumed 
loads. Generally, it will be found possible to meet these requirements and 
at the same time arrange for the proper proportioning of the supporting 
areas. Table II gives briefly the requirements of the building codes of several 
cities, as to assumed loads for office-buildings. 

15. Proportioning the Supporting Areas for Equal 
Settlement 

The Minimum Areas of Support. The actual dead loads and the assumed 
live loads and wind-loads for each lineal foot of wall and for each column, pier, 
or other supporting element of the building down to the level of the footings 
having been calculated, a foundation-plan should be prepared giving the 
amount and center of action of all loads. For safety under the worst possible 
combination of loads, each footing should be ample to support the total of 
the dead loads, live loads and wind-loads coming on it. The minimum areas 
of support for any footing are obtained by dividing the total of the dead loads^ 


100 

lb 

per 

sq 

ft 

250 

lb 

per 

sq 

ft 

100 

lb 

per 

sq 

ft 

75 

lb 

per 

sq 

ft 

100 

lb 

per 

sq 

ft 

80 

lb 

per 

sq 

ft 

whichever 

gives 
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live loads and wind-loads by the safe supporting power of the foundation* 
bed. If the foundation-bed is rock, or can be considered as incompressible 
under the unit load, the minimum areas so obtained may be used for the 
footings. On compressible materials, or generally on all materials other than 
rock, the use of these minimum areas will not result in uniform settlements 
owing to the fact that the actual live loads and wind-loads are not consistent 
with the assumed live loads and wind-loads. 

The Actual Loads on the Footings. In accordance with what has been 
previously said, let us assume that the dead load is constant, and that for a 
building under consideration the probable maximum live load is 50% of the 
assumed live load, that the probable maximum wind-load is 40% of the 
assumed wind-load, and that on the completion of the building, for a short 
period, the live loads and wind-loads reduce to zero. The actual loads on 
the footings would then be: 

(1) Upon completion of the building, the dead load only; 

(2) Under the maximum load due to occupancy and to snow on the roof, 

the dead load plus 50% of the assumed live load; 

(3) When loaded as in (2) and subject, in addition, to the maximum prob¬ 

able wind-action, 

(a) The footings on the leeward side of the building will sustain the total 

dead load, plus 50% of the assumed live load, plus 40% of the as> 

sumed wind-load; 

(b ) The footings on the windward side of a building will sustain the total 

dead load, plus 50% of the assumed live load, minus 40% of the 

assumed uplift; 

(c) Other footings will support the total dead load, plus 50% of the 

assumed live load, plus zero wind-load; 

(4) Intermediate conditions as to live loads and wind-loads will produce 

loadings intermediate between (l; and (3). 

Variations in Unit Loads on Foundation-Beds. With such known varia¬ 
tions it is, therefore, impossible to proportion the supporting areas so that the 
unit load on the foundation-bed shall be uniform at all times. If the sup¬ 
porting areas arc proportioned in the ratio of the dead load only, the building, 
on completion, and before occupancy, will uniformly load the supporting 
areas, and at that time all of the footings should show equal settlements; but 
subsequently, when the supporting areas have been subjected to the full 
effects of the live loads and wind-loads, certain supporting areas, having a 
high percentage of live loads, or of live loads and wind-loads, will be subject 
to a higher unit load, and the corresponding footings will consequently settle 
more than other footings supporting a low percentage of live loads, or live 
loads and wind-loads. 

Non-Uniformity in Footing-Settlements. If, on the other hand, the sup¬ 
porting areas are proportioned on the basis of the dead loads, plus the maxi¬ 
mum live loads, plus the maximum wind-loads, even if the maximum loads are 
the probable actual maximum loads, and not the FICTITIOUS ASSUMED 
loads, it is inevitable that upon the completion of the building and before 
occupancy, the supporting areas having a lower percentage of live loads and 
wind-loads will have a higher unit load, and the corresponding footings will 
have settled more than other footings supporting a high percentage of live 
loads and wind-loads. On this basis, the footings will not come to a uniform 
settlement until they have been subjected to the maximum live loads and 
wind-loads. 
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Arbitrary Rules for Proportioning Supporting Areas. Various arbitrary 
rules have been recommended for the proportioning of the supporting areas 
to secure equal settlements. These rules generally provide for a reduction 
in the assumed live loads and wind-loads, but do not take into consideration 
the fact that a large proportion of the total settlement of certain footings may 
take place subsequently to the completion of the building and after other foot¬ 
ings may have reached practically their full settlement. 

Rational Rule for Proportioning Supporting Areas. The rule hereinafter 
recommended provides not only for a reduction of the assumed loads on a 
more rational basis, but also for the proportioning of the footings for the mean 
load, instead of for the ultimate load, and it is believed that the resulting set¬ 
tlements will be as nearly uniform as possible. The rule is based on the pro¬ 
portioning of the footings in accordance with the loads which will act on the 
footings at the time when all of the dead loads and one-half of the probable 
maximum live loads and wind-loads exist. The reason for taking one-half 
of the probable maximum wind-loads and live loads is that these loads vary 
from zero to a maximum, the average being one-half of the maximum. 

Provision for Variations in Loads. On the completion of the building and 
before the live loads or wind-loads have gone on the footings, the settlements 
will not be uniform, because areas designed for a high percentage of live 
loads and wind-loads will have much less than their average load and will 
therefore have settled less than footings having a low percentage of live loads 
and wind-loads. When these same footings have been subjected to the maxi¬ 
mum probable live loads and wind-loads, the settlements will again be 
unequal, because the areas have been proportioned for only one-half of the 
probable maximum live loads and wind-loads; but the footings which origi¬ 
nally were the highest \n ill now be the lowest. The inevitable movement due 
to the variation in the live loads and wind-loads will be equally divided, one- 
half of the settlement being required to bring the footing to the level of a 
footing having the dead loads only, and the other half of the settlement 
carrying it an equal distance below the same footing In other words, the 
method provides for the least possible variation between footings having 
different proportions of live loads and wind-loads 

The Mean Load. For lack of a better name, the loads taken for the pro¬ 
portioning of the footings, consisting of the total dead loads, one-half of the 
probable maximum live loads and one-half of the probable wind-loads coming 
on each footing, will be called the mean load. 

The Mean Unit Load. The areas will be made such that the load on the 
foundation-bed due to the mean loads will be uniform, and this uniform load 
which, in general, will be aonsiderably less than the allowable unit load on the 
foundation-bed will be called the mean unit load. 

The Minimum Unit Load. The necessity for providing for the worst 
possible condition of loading is satisfied if the supporting area for all footings 
is sufficiently large to support the total of the dead loads and the assumed live 
loads and wind-loads at the allowable unit pressure. The resulting areas of 
support are the minimum areas, and any change in these areas necessary to 
make them proportionate to the mean loads must be effected by increasing 
some areas rather than by diminishing any. Any mean unit load which 
would give, when divided into the mean loads, areas, all of which would be 
larger than the minimum areas, would serve as the mean unit load, but it is 
more economical to determine the lowest possible mean unit load which, 
when applied to the mean loads, will give the least possible increase of the 
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areas. This can be done by determining which one of the minimum areas 
carries the least mean load per square foot. This area may be selected 
by calculating the mean load on each of the minimum areas, or more simply, 
by comparing the table of assumed loads and a table giving the mean loads, 
and noting which footing has the largest percentage of reduction between 
the assumed load and the mean load. The resulting mean load on this footing 
will be the minimum unit load which can be used as a mean unit load. 

The Method Reduced to Rule. The method can be reduced to rule as 
follows: 

(1) Prepare a table giving in vertical columns or table-divisions for each 
footing, the dead loads, the assumed live loads, the assumed wind-loads and 
the total of these three loads. This table is called the iable of assumed 
loads. 

(2) Prepare a similar table giving the dead loads, one-half of the maximum 
probable live loads, one-half the maximum probable wind-loads and the total 
of these three loads This table will be called the table of mean loads. 

(3) By a comparison of the two tables, find the supporting area which has 
suffered the greatest percentage of reduction between the total assumed loads 
and the total mean loads and hud the unit load resulting from the mean load on 
this area This unit load will be called the mean t nit loyd. 

(4) Divide the total mean load as given in the table of mean loads for each 
footing by the mean unit load. The result will be the required area of sup¬ 
port. 

Short Method for Determining the Mean Unit Load. From the fore¬ 
going it follows that the mean unit load can be obtained more directly by the 
following rule. Find the supporting area which has suffered the largest 
percentage of reduction between the total assumed load and the total mean 
load and multiply the allowable unit load on the foundation-bed by the ratio 
obtained by dividing the total mean load by the total assumed load. 

Illustrative Example. The following example is figured out more fully than 
is necessary in practice in order to fully explain the method and also to com¬ 
pare the method with other methods frequently used and recommended. 
Ordinarily the wind-loads on a building of the size and type assumed in the 
example would be ignored, but they have been considered here to make the 
example complete. 

A factory-building (Fig. 2) is to have four floors above the basement, each 
capable of supporting an assumed unit load of 200 lb per sq ft. The load on 
the flat roof is assumed at 50 lb per sq ft. The horizontal wind-pressure is as¬ 
sumed as a uniform pressure of 40 lb per sq ft, on the sides and CD only. 
The vertical component of the wind-pressure is to be taken care of by the 
footings of the side walls. There is also an interior self-supporting chimney 
and ventilating shaft which is protected from the wind and which carries no 
floor-loads 

The foundation-bed is a uniform, sandy material which is expected to com¬ 
press uniformly and at the rate of % in per ton of load per sq ft of supporting 
area. The maximum unit load on the foundation-bed is taken at 4 tons, 
corresponding to a settlement of 2 in for the assumed load. The calculated 
dead loads of the building, including all construction down to the level of the 
footings, the summation of the assumed live loads and the vertical components 
of the assumed wind-loads are given in Table III. 

A careful study of the probable loading of the building shows that the maxi¬ 
mum live loads at any one time will not exceed 60% of the total assumed 
live loads, and that the maximum wind-loads will be less than 50% of the 
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assumed wind-loads, for the reason that the assumed wind-pressure is based 
upon the highest recorded pressure on a limited area in an exposed situation, 
whereas the proposed building will be in a sheltered situation. Having, 
therefore, determined the probable maximum live loads and wind-loads at 
60% and 50% respectively of the assumed loads, the so-called mean loads, 



PLAN SECTION 

Fig. 2. Foundation-plan and Section of Factory-building 


corresponding to loads half-way between the minimum and maximum loads, 
will be one-half of the probable maximum loads, or 60% X *=> 30% of the 
assumed live loads and 50% X % =» 25% of the assumed wind-loads. Table 
IV gives the dead loads and the mean live loads and wind-loads separately, 
and the total of the dead loads and mean loads, which total is to be used in 
proportioning the areas for least variation in settlement. This is known as 
the total mean load. 


Table m. Dead Loads and Assumed Live and Wind-Loads 



Division 1, 

Element of footing 

dead loads 
only, 
lb 


Division 2, 
assumed 
live loads, 


Side walls per lin ft 

14 000 

8 400 

Columns t and 5... 

137 500 

160 000 

Columns 2, 3 and 4 

90 000 

340 000 

Chimney. 

320 000 



Division 3, t* 1 ™ 1 ? 11 *> 
assumed t ® tal dead > 

wind-loads, !" e “ d 
wind-loads. 


24 400 
297 500 
430 000 
320 000 


Table-columns are called divisions to avoid confusion with building-columns. 

























Art. 15] Proportioning Supporting Areas tor Equal Settlement 159 


Table IV. Dead Loads, Mean Live and Wind-Loads and Total 
Dead and Mean Loads 


Element of footing 

Division 5, 
dead loads, 
unchanged, 
lb 

Division 6, 
one-half of 
60% of as¬ 
sumed live 
loads, lb 

Division 7, 
one-half of 
50% of as¬ 
sumed wind- 
loads, lb 

Division 8, 
total mean 
loads, lb 

Side walls per lm ft 
Columns 1 and 5 
Columns 2, 3 and 4 
Chimney. 

14 000 

137 500 

90 000 

320 000 

2 520 

48 000 

102 000 

500 

17 020 

185 500 

102 000 

320 000 


Table-columns are called divisions to avoid confusion with building-columns. 


Comparing the two tables it will be seen that the interior columns of the 
building, columns 2, 3 and 4, had originally the largest percentage of live loads 
plus wind-loads, and have consequently suffered the greatest reduction in the 
amount of total load. The minimum areas of support for columns 2, 3 and 4, 
and also for the other elements of the footings, are obtained by dividing the 
total assumed loads given in division 4, Table III, by 8 000, the allowable 
unit load in pounds on the foundation-bed. The resulting areas are given in 
division 9, Table V. No reduction can be made in these areas without ex¬ 
ceeding the limitation that the most disadvantageous combinations of load¬ 
ing, however improbable, shall not exceed the safe unit load. The adjust¬ 
ment of the areas to the probable mean loading, as given in Table IV, the 
table of mean loads, must be accomplished solely by increasing the sizes 
of certain footings. 

If we divide the total mean loads in division 8, Table IV, by the minimum 
areas given in division 9, Table V, we will get the mean load per square foot 
on the minimum areas for each element of the footing. The results given in 
division 10, Table V, show that the mean load for columns 2, 3 and 4 is only 
3 568 lb per sq ft, while under the chimney the load is 8 000 lb per sq ft. As 
no reduction in area is permissible it is necessary to increase the footings under 
the chimney, side walls and columns 1 and 5 until the mean unit load corre¬ 
sponds to the mean unit load for columns 2, 3 and 5. This is done by dividing 
the mean loads given in division 8, Table IV, by 3 568, the mean unit load as 
determined for columns 2, 3 and 4. The resulting areas are given in division 
11, Table V, and are the areas which should be used. 


Table V. Mean Loads on Minimum Areas and Areas for Mean 

Loads 


Element of footing 

Division 9, 
minimum 
areas, 
sq ft 

Division 10, 
mean loads on 

minimum 

areas, 
ib per sq ft 

Division 11, 
areas for mean 
loads, 
sq ft 

Side walls per lin ft. 

3 05 

5 580 

4 7 

Columns 1 and 5 .. 

37 2 

4 986 

51.9 

( Columns 2, 3 and 4. 

53 8 

3 568 

53.8 

j Chimney. 

40 0 

8000 

89.7 


Table-columns are called divisions to avoid confusion with building-columns. 


























160 


Foundations 


[Chap. 2 


The method of calculation can be shortened and reduced to a rule as follows: 
Compare Table IV, the table of mean loads, with Table III, the table of 
assumed loads, and find the element of support which has suffered the high- 
est percentage of reduction between the total assumed load and the total 
mean load, and note the corresponding minimum area of support of the 
allowable unit load on the foundation-bed. Divide the mean load for the 
same element of support by the number of square feet in the minimum area 
of support. The result will be the unit load for mean settlement. Then 
divide the mean loads for each element of support by the mean unit load. 
The results will be the required areas as given in Table V. 

Or the mean unit load may be determined by multiplying the allowable unit 
load by the ratio obtained by dividing the mean load for the element of sup¬ 
port having suffered the highest percentage of reduction by the assumed load 
for the same element. 

Resulting Settlements. The following Tables VI, VII and VIII show the 
comparative settlements which may be expected if the supporting areas arc 
proportioned in accordance with different assumptions as to load. In all the 
tables it is assumed that the foundation-bed will settle ]/2 in per ton of load, 
and that the total assumed load will never load the foundation-bed in excess 
of 4 tons per sq ft. 

In Table VI the footings arc proportioned in the ratio of the dead loads 
only. 

In Table VII the footings are proportioned in the ratio of the total as¬ 
sumed loads. 

In Table VIII the footings are proportioned in the ratio of the mean loads. 

In ea X taole, division 1 gives the dead load coming on the footings on the 
completion of the building. Division 2 gives the load coming on the footings 
when the building is subjected to the maximum probable live loads and wind- 
loads. Division 3 gives the supporting areas in accordance with the assumed 
loading. Division 4 gives the settlements for the unloaded building. Divi¬ 
sion 5 gives the settlement after the addition of the maximum probable live 
loads and wind-loads. 

Explanation of Table VI. The method of proportioning the areas in the 
ratio of dead loads only may, in the form of a rule, be stated as follows: 

Compare the table-division of dead loads, Table VI, with the division of 
assumed live loads, find the element of support which has the highest per¬ 
centage of live loads to dead loads, and note the corresponding minimum area 
of support at the allowable unit load on the foundation-bed. Divide the 
dead load for the same element of support by the number of square feet in this 
minimum area of support, and the result will be the unit load due to the dead 
load only. Then divide the dead loads for all other elements of support by 
this unit load, and the results will be the areas required. Thus, in Table VI, 
it is seen by referring to Table III that columns 2, 3 and 4 have the greatest 
percentage of live load to dead load, and their minimum area of support, as 
in Table V, is 53.8 sq ft. Then, 90 000 + 53 8 «* 1 675 lb, the unit load due 
to the dead load only. The area for columns 1 and 5 is 137 500 + 1 675 
— 82.1 sq ft. The process is similar for the other elements. 

The calculations for settlements are readily made, when the amount of com¬ 
pressibility of the foundation-bed is known, by multiplying the unit load on 
the foundation-bed of each element of support by the amount of compressi¬ 
bility of the foundation-bed per unit of load. Thus, in the above example 
the amount of compressibility is given as 3^ in per ton. In Table VI the unit 
loads, due to dead loads for each element of support, are the same, or 1 6751 lb 
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■■0.838 ton per sq ft, which, multiplied by *» 0.42 in. Similarly, the 
unit loads due to maximum probable loads for each element of support are 
determined, and these loads, in tons, multiplied by one-half, give the settle¬ 
ments in inches as given in division 5 of Table VI. 


Table VI. Footings Proportioned in the Ratio of the Dead Loads 

Only 


Probable settlement where supporting areas are proportioned in the ratio of 
dead loads only 








Element of footing 

Dead 

loads 

Maximum 

probable 

Areas, 

Settlements 


only, 

lb 

loads, 

lb 

sq ft 

Empty, 

m 

Loaded, 

in 

Side walls per lm ft 

14 000 

20 040 

8 3 

0 42 

0 60 

Columns 1 and 5 . . 

137 500 

233 500 

82 l 

0 42 

0 71 

Columns 2, 3 and 4 

90 000 

294 000 

53 8 

0 42 

l 36 

Chimney. 

320 000 

320 000 

191 0 

0 42 

0 42 

Maximum variation, empty . . . 

| Maximum variation, loaded . . 

' 


0 00 

0 94 


Table-columns are called divisions to avoid confusion with building-columns. 


Explanation of Table VII. The areas given in Table VII are obtained by 
dividing the total maximum dead loads, live loads and wind-loads by the 
allowed unit, 8 000 lb per sq ft, and are the minimum areas given in Table V. 
The settlements for the loaded building are based on the maximum probable 
loads as given in division 2 of Table VII. 

Table VII. Footings Proportioned in the Ratio of the Total 
Assumed Loads 


Probable settlement where supporting areas are proportioned in the ratio of 
total assumed loads 


Element of footing 

Division 1 

Division 2 

Division 3 

Division 4 

Division 5 

Dead 

loads 

only, 

lb 

Maximum 

probable 

loads, 

lb 

Areas, 
sq ft 

Settlements 

Empty, 

in 

Loaded, 

in 

Side walls per lm ft 

14 000 

20 040 

3 t 

1 13 

1.61 

Columns 1 and 5. . . 

137 500 

233 500 

37 2 

0.92 

1 57 

Columns 2, 3 and 4 

90 000 

294 000 ! 

53 8 

0.42 

1 36 

Chimney. 

320 000 

320 000 

40 0 

2.00 

2 00 

Maximum variation, empty. . 


MBjHM 

1.58 


j Maximum variation. 

loaded. . 




0 64 


Table-columns are called divisions to avoid confusion with building-columns. 
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Explanation of Table VIII. The areas in Table VIII are obtained as 
already explained and as given in division 11, Table V, and the methods used 
in determining the settlements are similar to those used for the preceding 
tables. In Table VIII it will be noted that columns 2, 3 and 4 have a settle¬ 
ment of 1.36 — 0.42 = 0.94 in, as a result of the addition of the live loads and 
wind-loads. Half of this settlement is required to bring these footings down 
to the level of the chimney-footing, and the other half of the settlement brings 
them below the chimney-footing. There is no way to prevent this settlement 
of 0.94 in, but its effect on the building is reduced to a minimum by having 
the settlement of the footings of columns 2, 3 and 4 star* above the chimney¬ 
footing and finish below it. The chimney-footing does not change its eleva¬ 
tion after the completion of the building, and compared with it, the variation 
in level of the other footings is the minimum. In their mean position, half¬ 
way in their movement, these other footings will be at the same level as the 
chimney-footing. 


Table VHI. Footings Proportioned in the Ratio of the Mean Loads 


Probable settlement where supporting areas are proportioned in the ratio of 
total mean loads 

Element of footing 






Dead 

loads 

only, 

lb 

Maximum 

probable 

loads, 

lb 

Areas, 
sq ft 

Settlements 

Empty, 

in 

Loaded, 

in 

Side walls per lm ft 

14 000 

20 040 

4.7 

0 74 

1.06 

Columns 1 and 5 . . 

137 500 

233 500 

51 9 

0.66 

1 12 

Columns 2, 3 and 4. 

90 000 

294 000 

53.8 

0 42 

1 36 

Chimney. 

320 000 

320 000 

89.7 

0 89 

0 89 

Maximum variation, empty. . . . 



0.47 


Maximum variation, loaded.... 




0 47 


Table-columns are called divisions to avoid confusion with building-columns. 


16. Determining the Supporting Areas 

General Requirements. In laying out the areas or support for any struc¬ 
ture it should be borne in mind, as previously explained, that (1) the total of 
the dead loads, assumed live loads and assumed wind-loads should not load 
the foundation-bed in excess of the allowable load on it; (2) when the founda¬ 
tion-bed is compressible the areas of support should be calculated by the 
method of mean loads; and (3) the center of gravity of the supporting area 
should coincide with the center of action of the load to be supported. • To 
these may be added a further condition that (4) economy will be furthered by 
keeping the supporting areas simple in outline and by arranging each area as 
compactly as possible around the center of the load to be supported. 

(1) The first condition is necessary in order to provide that no possible con¬ 
dition of loading will exceed the allowable pressure on the foundation-bed. 

(2) The second condition provides for making the settlements of different 
footings as nearly equal as possible. 

(3) The third condition provides that the settlements of each footing shall 
be uniform, that is, that the footing shall not settle out of level. 
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(4) The fourth condition provides for economy in design in the footing 
itself and for economy in making the excavation for the footing, especially in 
the case of deep excavations requiring sheathing for the protection of their 
sides. 

In the case of a free-standing structure, the total load of which is not in 
excess of the supporting capacity of the entire area of the building at the safe 
unit load on the foundation-bed, it will generally be possible to arrange simple 
supporting areas whose centers will correspond with the centers of the loads. 
The disposition of such areas is considered in succeeding paragraphs in the 
discussions of Concentric Loading. In buildings having restricted sites, 
where walls or columns are placed close to adjoining property-lines, it will 
frequently be impossible to arrange for simple concentric loadings and neces¬ 
sary to use offset footings, cantilevers or other devices to transfer the loads to 
supporting areas located on the property. Such supporting areas are dis¬ 
cussed in succeeding paragraphs relating to Eccentric Footings. 

Footings with a Concentric Load. In order to have the load on the founda¬ 
tion-bed uniform under a footing it is necessary that the center of gravity of 
the supporting area should coincide with the center of gravity of the load, 
otherwise the area is said to be eccentrically loaded and the resulting load 
on the foundation-bed will not be uniform. Any variation in the loading of a 
compressible foundation-bed under a footing will result in an unequal settle¬ 
ment of the footing and this in turn will result in unequal stresses in the wall, 
pier, or column supported by the area. 

Wall-Footings with Concentric Load. In the case of a wall, the footing 
should project an equal distance on each side so that the center of gravity of 
the supporting area will coincide with the center of gravity of the wall and of 
the loads transmitted by the wall. The width of the supporting area should 
vary with the load on the wall, irrespectively of any change in the thickness 
of the wall. 

Footing for a Concentric Isolated Load. In the case of a simple concen¬ 
trated load, as, for example, a load from a column or pter, the footing 
may be circular, square, rectangular, or irregular in outline, but the 
center of gravity of the area must coincide with the center of gravity of the 
load. Theoretically the circular shape gives the most economical footing, 
as the supporting areas extend radially the least possible distance from the 
center or axis of the load. Where deep excavation is necessary the circular form 
may lend itself to an economical method of excavation, as, for example, when 
cylindrical piers are sunk by the pneumatic method or by dredging. In 
general, however, for ordinary footings the rectangular form is preferable, 
in that it lends itself to an economical arrangement of grillage-beams. The 
square is the most economical rectangle as 
the sum of the bending movements in the gril¬ 
lage and bolsters is reduced to a minimum. 

Elongated Supporting Areas. When the 
supporting area for an isolated load cannot be 
made a circle or a square, for example, when 
the square or the circle would overlap an ad- Fig . 3 Elongated Supporting 
joining property-line or interfere with an ad- Area. Concentric Load 

joining supporting area, the necessary area 

may frequently be made rectangular in form, as ABDC (Fig. 3), having a 
width w , twice the distance a between the center of the load O and the lim¬ 
iting line A B . 


A Property-Line B 
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The required length l equals the required area divided by w and the area 
should be centered on 0, that is, /i must equal h. 

Combinations of Simple Areas. Two Adjacent Isolated Areas. When 

adjoining supporting areas overlap or when, for other reasons, it is desirable 
to combine adjacent footings, the best arrangement may be obtained as 
follows: Knowing the supporting area required for each of two adjacent con¬ 
centrated loads and the distance between the centers of the loads, the sum 
of the two areas should be divided by twice the distance between the load- 
centers. The quotient will be the width or the dimension of the required 
rectangle of support taken at right-angles to the line connecting the load- 
centers; and the other dimension of the rectangle will be twice the distance 
between the load-centers. The center of the area should be placed so as to 
coincide with the center of gravity cf the two loads, when it will be found 
that each load will be concentric with its own area of support. Where a row 
of columns requires areas which nearly overlap, the combination of the 
areas frequently results in economy in excavation and form-work. Footing 
widths or projections beyond the column center are very often controlled by 
the billet or grillage of the column. These can, of course, be modified to a 
certain extent so as to satisfy the footing dimensions and designs. In this 
case the economics of the footing and grillage design should be carefully in¬ 
vestigated and compared. 

Supporting Area for a Concentrated Load in the Line of a Wall. If one 

or more concentrated loads are carried in the line of a wall the additional 
supporting areas required for such concentrated load may be provided in 
either of two ways. 

(1) If the concentrated loads rest on the wall, as, for example, when the 
wall supports the ends of girders and when the conditions are such that the 
concentrated loads are distributed along given lengths of it, then, all that is 
necessary is to increase the width of the footing for the given lengths suffi¬ 
ciently to provide for the total of the uniformly distributed and concentrated 
loads. 

(2) If a concentrated load is on the center line of the wall but cannot be dis¬ 
tributed by the wall, as when a considerable load is carried by a pier or column 
to the level of the footings, then one-half the additional area for the concen¬ 
trated load should be placed on either side of the wall-footing, so that a line 
connecting the centers of the two areas will pass through the center of the 
load. In general, it is desirable that the additional areas, together with the 
area for the wall lying between them, should approximate a square. Know¬ 


ing the width of the footing required to support the wall and the additional 
area required to support the concentrated load, the length of the side of the 



required square can be determined by the follow¬ 
ing formula (Fig. 4): 

Let w - the width of the footing; 

A «• the area required to support the ‘con¬ 
centrated load; 

6] — the side of the square which will sup¬ 
port a length of wall equal to 6, and 


Fig. 4. Square Supporting also provide an additional area equal 


Area. Wall and Concentric 
Isolated Load 


to A. Then 
b - w/2 4- \ 


Supporting Area for Concentrated Load not in the Center Line of a Wall. 
The same additional supporting area is required for this as for a concentrated 
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load on the center line of a wall, but the total area must be divided unequally 
between the two sides of the wall-footing, the larger 
portion being placed on the side of the eccentric 
load. The simplest way to determine the location 
of the supporting areas for this combination is to 
determine the size of the required square as if the 
concentrated load were concentric with the center 
line of the wall. The next step is to calculate the 
load due to the wall for the length of this square and 
determine the location of the center of gravity of the 
combined loads, that is, the center of gravity of this 
wall-load and the concentrated load. The center of the supporting area is 
then placed concentrically with the center of gravity of the combined loads. 
In Fig. 5 let 

w =» the required width of the wall-footing; 

O = the concentrated load; 

A the area required for the support of the concentrated load. Then, 
as before, the length of the side of the required square will be 

The center of gravity of the wall-load contained between the lines A D and 
BC is at g, and the amount of the load is evidently the load per foot multiplied 

t _ jyi by the distance AB = b. Knowing the position and 

amount of the loads at 0 and g, the center of gravity 
of the combined loads is determined, say at G. This 
fixes the center for the square. 

Supporting Area for a Concentrated Load on the 
End of a Wall. A somewhat different treatment 
N is required for this, but the supporting area may be 
Fig 6 Square Support- best determined as follows (Fig. 6): Knowing the 
ing Area Isolated Load width w of the footing required for the support of the 
on End of Wall wall, the additional area required for the concen¬ 

trated load 0 and the distance c from the center of the 
concentrated load from the end of the wall, proceed in this way. Determine 
the square whose area corresponds to the sum of the areas required for the 
support of the concentrated load and for a length of wall equal to twice the 
projection of the wall beyond the center of the concentrated load. Plot this 
square A BCD on the foundation-plan and also the total area required for the 
support of the wall. The square A BCD includes an area sufficient for the 
support of the concentrated load and for a section of the wall EFGH corre¬ 
sponding to a length of wall equal to twice the projection c multiplied by the 
width of the footing. It is evident that the area KEIIR is loaded both by the 
wall and the concentrated load; in other words, that the square ABCD is too 
small by the amount of the rectangle KEHR. The required square LMNO 
will be approximately the square which will contain the original area ABCD 
plus the area KEHR, plus twice the area JKRQ. The length of the side 
LM « MN will be approximately the length of the original square plus one- 
half of the area KEHR divided by the length of the original square. The 
resulting square shpuld be moved from the position shown on the drawing so 
that its center coincides with the center of gravity of the combined concen¬ 
trated load and the wall-load back as far as the square goes on the wall. A 
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further approximation may be necessary where accuracy is required. The 
final result should be that the area of the square LMNO should be sufficient 
to support the concentrated load O and that portion of the wall-load JFGQ 
resting on the square, and that the center of gravity of the square should 
coincide with the center of gravity of the combined loads. 


17. Offset Footings 

Supporting Areas for Non-Concentric Loads. When walls, columns, or 
p ; ers are placed dose to property-lines the required supporting areas cannot 
be placed concentrically with the loads without 
overlapping the property-lines. In such cases 
recourse must be had to some method which will 
transfer the loads to supporting areas not con¬ 
centric with the loads. An attempt to accom¬ 
plish this result, the method known as offset¬ 
ting the footing has been largely used, espe¬ 
cially for side walls adjoining property-lines. 
While theoretically faulty, if not useless, it is in¬ 
disputable that offset footings have generally 
served the purpose for which they were designed. 
In the typical construction a cellar wall rests on a 
course of concrete or of flat stones forming a foot¬ 
ing course considerably wider than the wall, the 
projection being entirely on one side of the wall. 
The load acting on one side of the center of the 
footing loads the supporting area unequally. 
The varying LOAD on the supporting area can 
be calculated as follows: In Fig. 7, let 

W — the total load per unit of length coming on the supporting area; 
e « the eccentricity of load, that is, the distance between the center of 
the load and the center of the supporting area; 
b — the width of the footing =» the width of the supporting area — AB; 

pi — the unit load, or pressure on the foundation-bed at A, the edge of 
the footing nearest the load; 

p 2 » the unit load, or pressure on the foundation-bed at B, the edge of 
the footing farthest from the load; 
y « any ordinate, from A to B. 

Then the average pressure on the foundation-bed will evidently be Wjb. 
The pressure at A, the edge nearest to the point of application of the load, will 
be pi «■ W/b(l -f 6 feb), or the maximum load will equal the average load 
plus six times the average load multiplied by the ratio of the eccentricity 
divided by the width of the footing. 

Similarly, the pressure at B , the edge farthest from the point of application 
of the load, will be p 2 =■ Wfb{\ — 6 ejb), or the minimum load equals the 
average load minus six times the average load multiplied by the ratio of the 
eccentricity divided by the width of the footing. 

When the eccentricity equals J 4> the width, the pressure at B becomes 
eero. If the eccentricity exceeds )4> the width there will be an uplift at B, or 
the footing will have a tendency to overturn. This relation is generally ex¬ 
pressed by saying that to avoid an upward reaction the center line of the 
load must fall within the middle third of the base. 



Fig. 7. Offset Footing. Vary¬ 
ing Pressure on Foundation- 
bed 
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Load-Diagrams for Offset Footings. If in the diagram (Fig. 8) the figure 
A DEC represents the load-diagram on the foundation-bed for a width of 
footing AD and the load AC is the maximum permissible load, then the 
area AD EC represents the maximum support 
afforded by the footing AD. If the width is in¬ 
creased until the load falls on the limit of the 
middle third or to the width AB , then the load at 
B is zero and the support is represented by the 
triangle ABC, the area of which is less than the 
area A DEC. Moreover, if the width of the footing 
is reduced until its center is concentric with the 
load-center, then the load-diagram becomes AFGC , 
the area of which is greater than either ABC or 
A DEC. From the foregoing it is evident that any 
advantage gained by offsetting the footing must be obtained at the cost of 
concentrating the support given to the wall away from the center line of the 
wall. 

Eccentric Loading Due to Offset Footings. In Fig. 9, representing a simple 
case of eccentric loading due to offset footings, the load on the founda¬ 
tion-bed at E is perhaps twice the average load and at F about zero. Under 
these conditions the projecting portion of the footing may shear, as indicated, 
along the line DC. If it does not shear and if there is any settlement due 
to the load, the settlement will be unequal and the footing course will tend 




Fig. 9 Fig. 10 Fig. 11 Fig. 12 

Figs. 9, 10 and 11. Eccentric Loading and Tendencies to Failure Due to Offset 
Footings; Fig. 12. Improved Type of Construction 


to rotate into the position shown in Fig. 10. The entire load will then be 
transmitted through the inner lower corner D of the cellar wall, rendering the 
wall unstable and developing a tendency to move in the direction H. 

The cellar wall may successfully resist this tendency by its own rigidity 
assisted by the first-floor beams acting as ties or by the external resistance 
afforded by an abutting wall or bank of earth, or it may partially or completely 
fail, developing a horizontal crack as indicated in Fig. 11 at /. 

In this figure it will be noted that the base of the wall itself is offset. This 
is done to prevent the separate rotation of the footing course; but this con- 
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struction does not diminish the tendency to rotation of the entire base of 
the wall and to the formation of a crack at J. 

An improved type of construction is illustrated in Fig. 12, in which the 
floor-beams are anchored into the wall and the cellar wall has a continuous 
stepped batter from the level of the footing up to the level of the beams. The 
beams should evidently be arranged as tension-members, should run across 
the building and should be anchored in the opposite wall. While this method 
may have some effect it is of doubtful efficacy and should never be used for 
piers. 

18. The Use of Cantilevers in Foundations 

Application of the Principle of the Lever. The use of the cantilever, in 
transferring a load to a supporting area not concentric with the load, is based 
upon the principle of the lever and involves a girder or cantilever connect¬ 
ing the two loads, and a supporting area or areas the cfnter of action of 
which lies between the two loads Part or all of the load on one side counter¬ 
balances the load on the other side of the center of the supporting area. 



Illustrative Example. If an exterior column A (Fig. 13) carrying a load of 
400 tons and requiring 100 sq ft of supporting area, at 4 tons per sq ft, the 
column-center being 18 in from a property-line PP which forms the limit of 
the building plot, it is evidently impractical to employ a concentric footing 3 by 
ft for its support. If, however, a sufficient counterweight can be found 
in the shape of an adjacent interior column-load, as at B, the exterior load can 
be transferred by a girder or cantilever construction CDEF to a supporting 
area MN lying between the two loads, and entirely within the limits of the 
property. 

In Fig. 13 let PP represent the property-line, A the center of the load on 
column A, and B the center of the load on column B. Let the load on A be 
400 tons, on B, 200 tons, and the distance AB between centers, 20 ft. Assume 
that a rigid girder CDEP supports and connects the two columns. If now a 
fulcrum or point of support G is provided for the girder at some point between 
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A and B , the load on that point can be readily determined from the principle 
of the lever by multiplying the load on A, 400 tons, by the distance AB, 
20 ft, and dividing the product by the distance BG 1 19 ft; or, the load on 
G - 400 X 20/19 « 421 tons 4-. The area required for the support of this 
load, at 4 tons per sq ft, is 421/4 =» 10534 S Q ft- The uplift at B t or the part 
of the load B required to counterbalance the overhanging load A is, from the 
principle of the lever, the product of the load A by the lever-arm AG divided 
by the lever-arm BG. The load on the footing for B is the difference between 
the original load and the uplift; but in view of the possibility of a reduction 
in the load A, which would decrease the uplift at B, it is well to provide for a 
possible increase in the load B. 

Determination of the Area of Support. In determining the area of support 
for A, having assumed one dimension of the supporting area to be twice the 
distance GP, or say 5 ft, the other dimension will be 10534 sq ft/5 — 21 ft 
34 in. If the length 21 ft 34 in, as determined, is found to be excessive, then 
the point G must be moved to the left and the corresponding length of the 
supporting area must be determined as before When the length of the sup¬ 
porting area for the fulcrum of the cantilever is limited, so that the length 
parallel to the property-line is fixed, the width of the area can be determined 
experimentally or by the use of the formula 

4 - (L + a) - \/(L + a)» - 2 WLjlp 

in which L — the distance between centers of the two loads: 

W — the load nearest to the property-line; 
l = the length of the supporting area; 
p « the unit load on the supporting area; and 
a — the distance between the center of action of the load to be can¬ 
tilevered and the edge of the supporting area nearest to the 
property-line. 

If the position of the center of gravity of the load A combined with that 
part of the load on B which is borne by the cantilever is determined, it will be 
found to coincide with the fulcrum or point of support G of the cantilever, thus 
demonstrating that the use of the cantilever provides a means of combining 
two loads so that their center of gravity falls on the center of a supporting area 
not concentric with either load. 

The Grillage Fulcrum. Of course in practice the knife-edge fulcrum 
shown in the diagram is not used. The bottom flange of the girder forming 
the cantilever rests on the distributing grillage directly, as is shown in 
Fig. 14, which may be considered a typical arrangement. 

The Girdering-Method for Two Equal Loads. When it is desirable to 
support two or more adjacent concentrated loads on a single supporting area 
the method called girdering is employed. In the case of two concentrated 
loads, let A and B (Fig. 15) represent two columns. Let W\ represent the load 
on A and W 2 represent the load on B. Let L represent the distance between 
the centers of the two loads. Let G represent the center of gravity of the com¬ 
bined loads. Let p represent the allowable unit load on the foundation-bed. 
The required area of support will be (TFi 4* IK 2 )/i > - This area may be of any 
desired shape, provided that its center of gravity coincides with the center of 
gravity of the combined loads at G . In general, however, the most economical 
arrangement will result when each load is as nearly as possible over the center 
of gravity of its own required area. If, however, this is impracticable, as for 
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example, when either*column is near a property-line or an adjoining footing, 
it will be necessary to distribute the loads of both columns over the area lying 
between the two columns. In the case of two columns equally loaded, as in 
Fig. 15, the distance a , from the center of column A to the property-line PP, 
determines the maximum allowable extension beyond column A . The dimen¬ 
sions of the area are obtained by making the length l of the footing equal to 
the distance L between the columns plus twice the extension a . Knowing the 
length of the required area the width b is determined by simple division. 




The Girdering-Method for Two Unequal Loads. In the case of columns 

not equally loaded, the supporting area may be a trapezoid, as in Fig. 16, 
the center of gravity of which must coincide with the center of gravity of the 
two loads. Knowing the sum of the two loads and the required area for their 
support, and fixing the total length / of the footing in accordance with the 
requirements that the footing shall not project beyond the line PP, the widths 
of the footing at the small and large end b i and b*, respectively, can be deter¬ 
mined as follows: Let B represent the distance from the small end of the 




































Fig. IS. Girdering-method of Foundations. Two Equal Loads 


Cantilevering an Exterior Wall. In the case of a wall the same principles 
apply, but the cantilevering effect must be distributed along the length of the 
wail. This can be accomplished by placing a girder under the wall, the girder 
in turn resting on the cantilever, or by using a number of cantilevers arranged 
in fan shape and radiating from the interior load-center. In narrow buildingf 
the cantilevers may run from wall to wall. 
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Double Cantilevering. The considerations controlling the design of the 
supporting areas required are the same as outlined in the preceding para¬ 
graphs. 


Pi 

i 



19. Stresses on Footing Courses 

Size and Form of Footing Courses. The footing courses of all walls .and 
piers should be larger than the superimposed construction in order to secure 
stability against overturning and to reduce the unit load on the founda¬ 
tion-bed. When the change in size is accomplished abruptly as when a wall 
rests on a grillage or a slab of plain or reinforced concrete the footing is called 
a spread footing. When the base of the wall is thickened by means of offset 
courses so that its bottom course is substantially as large as the footing course 
the construction is known as a stepped footing. It is evident that no hard 
and fast line can be drawn between the two classes. Whatever the form of 
the footing is it must be strong enough to distribute the more or less concen¬ 
trated load coming on it, into a uniform pressure or load on the foundation-bed. 
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The Unit Loads of Footing Courses. If the load on the upper surface 
of a footing course is uniformly distributed the intensity of the load, or in other 
words the unit load on tiie footing, is obtained by dividing the total load 
by the area of the base of the wall, pier, or other construction at that level. 
The load on the foundation-bed should be uniformly distributed and in 
fact, if the foundation-bed is compressible and the load concentric with 
the supporting area, it may safety be assumed as uniform, since a compressi¬ 
ble material will adjust itself until the loading at different points is substan¬ 
tially uniform. The unit load on the foundation-bed is evidently the total 
load divided by the supporting area. If the area of the footing course varies 
between the top and bottom of the footing the intensity of the load will vary, 
and if uniformly distributed, the unit load at any level is obtained by dividing 
the total load by the area of the footing at that level. 

The Weight of the Footing Itself. This is generally so small when com¬ 
pared with the superimposed loads that it may be ignored without serious 
error. 

The Transmitting of Loads by Footings. If we neglect the weight of the 
footing we can consider the footing course as transmitting the imposed load 
to the foundation-bed or as being subject to two equal loads; one, the super¬ 
imposed load, more or less concentrated on the center line of the footing and 
acting downward; the other, the reaction due to the loading of the founda¬ 
tion-bed assumed uniformly, distributed over the supporting area and acting 
upward. These loads or forces being equal and opposite in direction the 
stresses developed in the footings are due to the differences in the distribution 
of these loads, and the footing courses simply act to convert concentrated 
into distributed loads. 


Manner of Failure of Footings. A footing may 
fail in several ways: (1) by shearing; (2) by direct 
crushing; (3) by spreading; and (4) by bending 
or rupture. 

(1) Failure of Footings by Shearing. This is 
illustrated in Fig. 17, showing a wall the weight of 
which has caused it to shear along the lines EG 
and FH. 

The force tending to cause shear is the weight due 
to the wall less the reaction of the foundation-bed 
acting on the under side of the section EFGII. Since 



Fig. 17. Failure of Footing 
by Shearing 


the load is supposed to be uniformly distributed this is equivalent to the 
product of the area corresponding to the width CD minus the width GH times 
the length of the wall considered, by the unit loading on the foundation-bed. 
For a 1-ft length of wall the force causing shear, V , is 


v « w (i - w)n 


in which W — the load due to wall per foot of length in pounds; 

l « the width of footing; 
w — the width of base of wall. 

Or, since W/l - p - the unit load on the foundation-bed in pounds per 
square foot, 

V - p (/ - w) 

Since p is in terms of feet, l and w also must be in feet. The resistance to 
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shear, R, under the conditions illustrated in Fig. 17, taken Iot a 1-ft length b 
of the wall, is determined by equation 


R ~ 2 X d Xb Xv 


in which v « the safe resistance of the material to shear, in pounds per 

square inch; 

d — the depth of the footing in inches; and 
b — the length of wall considered ■» 12 in. 

Placing V - R } we have 

2 dbv =»/>(/ — w) 

Or, since (/ — 'u>)/2 — the projection of the footing 
cp ** 12 dv 

The depth of the footing, therefore, must not be less than 

d - cp{ 12 9 

in which c is in feet. 


Shear in Footings of Piers and Columns. Failure bv shear is most likely 
to occur in footings for piers and columns. The force tending to cause 
shear is the total load on the column or pier less the reaction of the founda¬ 
tion-bed on the area immediately under the column-base. The resistance 
offered is determined by multiplying the perimeter of the column-base by the 
depth of the footing and by the allowable unit shear. When the area of the 
column-base is small, the entire load may be taken as producing shear. When 
reinforced concrete is used for the footing, there must be a sufficient number 
of stirrups to take care of the shear. Where steel beams are employed the 
cross-section of the beams must be sufficient to take care of the shear, other¬ 
wise additional web-plates should be added. 

(2) Failure of Footings by Direct Crushing. The failure of footings by 
direct crushing of the materials composing the footings rarely, if ever, 
occurs. Where, however, the concentrated load, due to a pier or column, is 
distributed by beams or girders which have thin webs, the webs may fail by 

buckling. Such beams or gird¬ 
ers should have their webs re¬ 
inforced by vertical stiffeners 
or by additional web-plates, 
and the spaces between the 
beams or girders should be filled 
with concrete or grout. Where 
the load transmitted by the col¬ 
umn-base exceeds the safe unit 
load on the material of the foot¬ 
ing the area of the column-base 
may be increased, or a block of 
granite may be interposed be¬ 
tween the concrete or masonry 
footing and the base of the col¬ 
umns. In this case, however, 
such granite blocks should be considered as a footing course and designed to 
resist bending, by formulas hereinafter given. 

(3) Failure of Footings by Speading. Failure of the footings by spread¬ 
ing may occur under walls or piers, as shown in Fig. 18, especially when the 
foundation-bed is of clay or other yielding material, which has, under the load 
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of the footing, a tendency to flow along the lines indicated by arrows in the 
figure. This tendency should be provided against by making the bottom 
layer continuous and adequate to resist the tension. Vertical joints, such as 
are made in footings composed of masonry, are sources of weakness, and should 
be avoided. The tendency to spread is greatest in footings having a spread 
which is vdde compared with the width of the superimposed wall or other 
construction. The writer knows of at least one important footing which has 
failed in this way, the cracks in general following the joints of the masonry 
substantially as shown in Fig. 18. 

(4) Failure of Footings by Bending or Rupture. A footing may fail by 
bending or rupture as a beam or girder. In the case of a wall, if the foot¬ 
ing bends, as shown in Fig. 19, the concentration of the load on the lower edges 



Fig. 19 Fig. 20 Fig. 21 

Figs. 19, 20 and 21. Failures of Footings by Bending 

of the wall, as at E and F, may cause the base of the wall to fail. This possi¬ 
bility should be borne in mind in designing footings where the load on the 
wall approaches the allowable unit load for the material composing it, and 
especially where the width of the footing is much greater than its own width. 
If the footing fails by rupture the rupture may occur either under the center 
line of the wall, as in Fig. 20, or at points close to the outer edge of the wall, as 
in Fig. 21. Fig. 20 illustrates the objection to using a footing course com¬ 
posed of masonry or stones which do not extend the full width of tne footing. 
The joints in such construction prevent the footing course from acting in 
tension and the footing as a whole from acting as a beam. 

20. Methods of Calculating Bending-Stresses in Wall- 

Footings 

Assumptions Made in Determining Bending-Stresses in Footings. Two 
methods for the calculation of the bending- 
stresses in fating courses are in general use. 

Both are based upon the assumption that the 
reaction of the foundation-bed is uniform; but 
the methods differ in the assumption made as to 
how the footing course and the base of the super¬ 
structure act. Neither assumption can be held to 
be wholly correct. 

The First Method of Determining Bending- 
Stresses in Footings. This method is based upon 
the assumption that the pressure of the wall on the Fig 2 j. Bending-stresses in 
footing is uniform over the area and remains so at Footings. First Method 
all times. 

If, in Fig. 22, A BCD represents a footing course supporting a centrally 
located wall EFGH } and if 
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W •* the load of the wall in pounds per linear foot; 
w ■■ the width of the wall in feet; 
and / — the width of the footing in feet; 

then (/ — w) *■ the projection AE or FB , 

and W(l = p — the unit load per square foot on the foundation-bed. 

Considering the forces acting on the right of the center line of the wall for a 
1-ft length of wall, it is evident that the uplift on the half-footing OD will equal 
IF and that its center of action will lie half-way between O and D, or at a 
distance J4 l from the center line 00; and, similarly, that the load due to one- 
half the wall will be 3^ W and that its center of action will be at a distance 
3£ w from the center line 00. The resulting moments will be 

Mi - V 2 w X H 1 - H wi 

and 

M 2 « 'A IF X l /i w - Ww 

and as these two moments act in opposite directions, the resultant moment 
tending to produce bending in the footing will be the difference between the 
two, or the bending moment at the center line 00 is 


or 

Or, since 


M 0 - Mi - Mr 

m q = y& w (i - w) 

W]l — p and } 2 (l — w) - c, the projection, 


Equation (1) may be written in either of the forms 
Mo - H P (l ~ v) 0 

or } (1) 

Mo -%Wc J 

The Error Involved in this first method is due to the assumption that the 
pressure on the upper surface of the footing remains uniformly distributed, 
as if the base of the wall acted as a fluid, in which case the distribution of the 
load would remain constant and the formula would be correct. But the base 
of the wall is not a fluid, but a solid which will resist deformation. If, as in 
Fig. 19, the footing course A BCD deflects and the base of the wall is assumed 
to be incompressible, the entire load of the wall will be communicated to the 
footing through the edges E and F. While such a concentration is, of course, 
impossible (as the edges E and F will crush or com¬ 
press until a considerable area of*the base of the 
wall is in contact with the footing) the result is that 
the weight of the wall is concentrated near the outer 
edges of its base. Equation (1) gives results which 
are too large; but as it errs on the side of safety, it 
is recommended for general use. 

The Second Method of Determining Bending- 
Stresses in Footings, also in common use, takes 
into consideration only the projecting portion of the 
footing as follows: 

If in Fig. 23 ACBD represents a footing course 
supporting a centrally located wall EFGH, and if 
we use the notation of the preceding method, then, if we assume that the 
footing acts as a fixed beam and the projections AE and FB as cantilevers 



Fig. 23. Bending-stresses in 
Footings. Second Method 
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rigidly supported by the wall, and denote the projection of the footing on either 
side of the wall by c the reaction of the foundation-bed on this projecting 
portion c , per unit length of wail, will be pc. The center of action of this 
force will be at a distance c from E or F and its moment at E or F will be 


or, since 


M “ cp X }'2 c ” 3^ P& 
c - {l - w) 


the value of M may be given in the form 

m » y p (i — w )* 


( 2 ) 


The Error Involved in this second method is due to the assumption that the 
uplift on the projection P can be resisted by the extreme outer edge of the base 
of the wall. If the uplift on the projecting part is concentrated on the edge, 
then the edge must either compress or fail by crushing, which, in either case, 
would throw the center of support for the cantilever back from the edge of the 
wall; and this is contrary to the assumption used in calculating the moment. 
This method takes into consideration only the intensity of the reaction or 
uplift and the length of the projection, and is known as the projection- 
method. 

Comparison of Results. Comparing the results of the two methods, it will 
be seen that the load cannot act at the two edges E and F as assumed in Equa¬ 
tion (2), nor ordinarily can it be uniformly distributed as assumed in Equation 
(1), but that the intensity of tiie load per unit of area will vary, being a 
minimum at the center and a maximum near the edges of the base of the wall. 
The exact positions of the centers of action are affected by various consid¬ 
erations which cannot be fully discussed in this chapter. 

New Formula for Determining Bending Moments in Footings. The 
writer has devised a formula which gives values for the bending moment M 
half-way between the values given by Equations (1) and (2), and which closely 
corresponds to the assumption that, considering the forces on either side of the 
center of the wall, the center of action of the half-load of the wall is at the 
center of the half-wall, when the projection equals zero, and, as the projection 
increases, moves toward a position which is two-thirds of the distance from 
the center of the wall to its edge. This formula may be expressed as follows: 

U ~)ip (l - w) (l - y 2 w) (3) 

Or, substituting the value of p in terms of IF, 

M - y W (l - w) (1 - w/2 l) 

Weight and Pressure-Units. In practice W , the weight due to the wall, is 
generally given in pounds per linear foot of wall, and the allowable pressure on 
the foundation-bed, while frequently given in tons per square foot, should be 
reduced to pounds per square foot. 

The Required Width of the Footing in feet is obtained by dividing the 
weight of the wall in pounds per linear foot of wall by the allowable unit load 
on the foundation-bed expressed in pounds per square foot. 

Moment-Units. The moment tending to produce rupture may be calcu¬ 
lated in foot-pounds or inch-pounds. If in Equations (1), (2) and (3) the 
dimensions /, w and c are in feet and p is in pounds per square foot, the resulting 
bending moment will be in foot-pounds per linear foot of wall. As the 
moment of resistance is generally stated in inch-pounds it is more con* 
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venient to have the maximum bending moment or moment of rupture 
in inch-pounds. Thus, for Equation (1) 

M (in inch-pounds per foot of wall) — 12 M in foot-pounds, 
or M (in inch-pounds) *» ?2 P (1 — w) l (1 

Equation (2) in the same way becomes 

M (in inch-pounds) % p (l — w) 2 (2 

Or, using the more convenient form, 

m =- 'A pa 

if we express the projection c in inches, instead of in feet, we will have 
M (in inch-pounds per foot of wall) - ^24 P c * 

Similarly, Equation (3) becomes 

M (in inch-pounds per foot of wall) - /2 P (l — w) (l — A w). Q 
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Fig. 24. Graphical Comparison of Bending Moments m Footings 

Until Equations (3) or (3)' are more generally accepted, an engineer or 
designer will avoid criticism and be perfectly safe in using Equation (1), 
and in the following pages the writer will use Equations (1) or (1)' unless the 
contrary is stated. 

Example. The following is an example illustrating the application of the 
foregoing formulas: 

* In the flexure-formula the moment of resistance is made equal to the bending moment 
at any cross-section of the footing, and the maximum bending moment is sometimes 
called the moment of rupture. 
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A 24-in wall transmits to the footing 42 000 lb per linear foot of wall. The 
allowable unit load on the foundation-bed is 3 600 lb per sq ft. What is the 
width and required moment or resistance * of the footing? 

42 000/3 600 - 11% ft 
Then, by Equation (1), we have 

M - % X 3 600 (11%- 2) 11% c, 50 750 ft-lb 

If Equation (2) is used, we have 

I - H x 3 600 (11^ - 2)2 - 42 050 ft-lb 
and by Equation (3), 

M - ii X 3 600 (11% - 2) (11% - 1) - 46 400 ft-lb 
Comparing the results wc see that the moment by Equation (3) is the average 
of the moments by Equations (1) and (2). 

Graphical Comparison of Bending Moments in Footings. Fig. 24 is a 
graphical comparison of the moments for varying ratios of / to w calculated 
by Equations (1), (2) and (3) on the assumption that 
w ■■ the width of wall - 1 ft; 

p — the unit load on the foundation-bed « 1 000 lb per sq ft; and 
r « Ifw, 

The load on the wall, in pounds, for any value of /, is 1 000 l. 

Comparing the curves of Equations (1) and (2) it will be seen that the 
results are widely apart, the percentage of variation being highest in the case 
of small projections. When l is less than twice w , or in other words, when 
the projection is less than one-half the width of the wall, Equation (2) gives 
moments less than half the moments given by Equation (1). Equation (2) may 
be used for small projections. Equation (1) gives results which are too large, 
especially where the projections are small. Equation (3), giving results 
half-way between those of Equations (1) and (2) and in accordance with a 
reasonable hypothesis, would appear to be preferable, but is not in accordance 
with present practice. 

21. Bending Moments in Footings of Columns and Piers 

General Statement of the Problem. Fig. 25 represents in plan a pier or 
column resting on a footing which projects on four sides. The base of the 
column or pier is represented by ABCD, and the 
footing and its area of support by EFGI1. That 
part of the footing included in the areas MNOP and 
QRST can be considered as acting in the same way 
as projecting footings under a wall, but the uplift on 
the four corners EQMA, etc., on which no superim¬ 
posed wall-load is imposed, also causes bending 
moments. 

Different Theories. There are several theories, 
more or less complicated and unsatisfactory, as to 
how the UPLIFT ON THE FOUR CORNER-AREAS should 
be determined. The discussion of these theories 
would be out of place in this chapter. In a square 
footing, if the projection is not over one-half the width of the superimposed 

• In the flexure-formula the moment of resistance is made equal to the bending moment 
at any cross-section of the footing, and the maximum bending moment is sometimes 
called the moment of rupture. 



Fig. 25. Plan of Column¬ 
footing with Four Equal 
Projections 
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base, the four comer-areas will not aggregate over 25% of the total area 
of the footing, and it may then be assumed that the bending moment is the 
same as if the base of the column or pier extended like a wall across the 
entire footing, as is shown in Fig. 26. To insure these conditions, when the 
projection of the footing exceeds % w, and in all cases when the footing is not 
homogeneous, as when a grillage of steel is used, the load of the column must 
be distributed over the width of the footing by a girder or bolster or by an 
extension of the column-base. In case the footing is in several layers, each 
layer must extend the full width of the underlying layer. W ith such construc¬ 
tion it is evident that the bending moment will be the same as it the girder 
or bolster were a wall and Equation (1) will be applicable. 

Bending Moments in Column-Footings. For column-footings Equation 
(1) can be used, taking the total load in place of the load per foot, and the 

result will then be the total 
bending moment. 

Example. A column carry¬ 
ing 06 tons is to be supported on 
a square concrete slab. The 
cast-iron column-base is 2 ft 
B square. The allowable pres- 

] sure on the foundation-bed is 6 
tons per sq. ft. What is the 
MAXIMUM BENDING MOMENT in 

Fig. 26. Column-footing Treated Like Wall-footing the slab? 

The area of support *» 96/6 
-16 sq ft - 4 by 4 ft. The projection is (4 — 2) - 1 ft, or one-half the 
width of the base, and by the foregoing rule we can calculate the bending 
moment as if the base of the column extended in one direction across the 
footing. Applying a convenient form of Equation (1) 

M - % X 192j)00 lb (4 - 2) - 48 000 ft-lb, or 576 000 in-lb 

The footing must therefore be of sufficient depth to resist this bending moment. 

If in this example the allowable unit pressure on the foundation-bed is 2 tons 
instead of 6 tons per sq ft, the supporting area and the area of the bottom con¬ 
crete footing course will be 96/2 *» 48 sq ft. If the footing course can be a 
square its dimensions will be, with sufficient exactness, 7 by 7 ft. By the 
rule given, since the projection exceeds one-half the width of the base, there 
should be a bolster extending across the footing. The bolster will be, there¬ 
fore, 7 ft long and may properly be composed of two or more steel beams. 
The cast-iron base may be dispensed with, in which case the base of the col¬ 
umn will be provided with a steel base or with flange-angles. Let us assume 
that the column-base is 1 ft 6 in square and the width of the bolster 2 ft. 

The bending moment in the bolster is determined, then, by Equation (1), 
using \Yz ft, the width of the column-base, for w, and 7 ft, the length of the 
bolster, for /. 

M - H X 192 000 (7 - lj^) - 132 000 ft-lb - 1 584 000 in-lb 

The bending moment in the slab is determined in the same way by Equation 
(1), using 2 ft, the width of the bolster, for w, and 7 ft, the length of the slab, 
for l. 

M - H X 192 000(7 - 2) - 120 000 ft-lb - 1 440 000 in-lb. 

Footings Other than Square in Plan. In case it is necessary to use some 
other shape than a square for the supporting area the resulting moments in 
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the slab and bolster will vary from those calculated above. If in the fore¬ 
going example the supporting area, for any reason, is necessarily made 6 by 
8 ft, giving 48 sq ft as the required area, and if the bolster is parallel with the 
6-ft side, the moment in the bolster will be 

M - y* X 192 000 (6 - 1 V 2 ) - 108 000 ft-lb - 1 296 000 in-lb 
and the moment in the slab will be 

M - Vs X 192 000 (8 - 2) - 144 000 ft-lb - 1 728 000 in-lb 

or, the moment in the bolster is less and the moment in the slab is greater than 
in the case of the 7 by 7-ft supporting area. If the bolster runs parallel with 
the long side, the moments will be, for the bolster, 

M - H X 192 000 (8 - ty 2 ) - 156 000 ft-lb 
and for the slab, 

M - X 192 000 (6 - 2) - 96,000 ft-lb 

In footings having more than two layers, each layer must be investigated 
separately, using l for the length of the layer which is being determined and w 
for the width of the superimposed layer. 

Compound Footings. In compound footings where, for example, a wall 
and a column or two or more columns are supported by a single footing, or 
where loads are cantilevered, the loads will in general be distributed to the 
supporting area by girder^ or cantilevers. The shears and bending 
moments of such girders or cantilevers must be determined for each case by 
the methods used in the calculations of beams and girders. 

22. Design of the Footings 

Materials used for Footings. * To possess the required strength the safe 
moment of resistance of the footing must be at least equal to the moment 
of rupture, calculated as explained in the preceding paragraphs. Masonry, 
whether of brickwork or stone, is not generally suitable for any but the light¬ 
est buildings, as its tensional strength is low. Concrete, plain or reinforced, 
or grillages of steel embedded in concrete, are generally employed. 

Footings of Homogeneous Slabs. If the footing is composed of a slab 
of homogeneous material, as a block of granite or other reliable building 
stone, or a single layer of concrete, the moment of resistance is, by the well- 
known flexure-formula for rectangular cross-sections, M r — bd 2 f, in which 

d — the depth or thickness of the footing, in inches; 

b m the breadth of the footing, in inches; 

/ - the allowable unit tensile stress of the material, in pounds per 
square inch; 

Mr =* the moment of resistance 

Placing M, the moment of the forces tending to cause rupture, equal to M r , 
for a length of wall equal to 1 foot we have 


i* - H Mif (4) 

Substituting in Equation (4) the value for Jkf in inch-pounds as determined by 
formulas (1), (2) and (3) and a value for /as given in the following paragraph, 
the required depth d can be determined. 
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Safe Tensional Strength for Materials in Footings. The values of /, the 
allowable unit tensile stress, for concrete or stone must include a high 
factor of safety, as experiments show wide variations in the tensional 
strength and in the modulus of rupture or flexural strength of such 
materials. The following values for / in pounds per square inch include a 
factor of safety of from 8 to 10 and should not be exceeded. 

/ in lbs per sq in 


For brickwork or masonry in lime mortar . from 0 to 10 

For brickwork or masonry in cement mortar. from 10 to 40 

For concrete, 1:3:6 . from 15 to 25 

For concrete, 1 : 2j^ : 5. from 20 to 40 

For concrete, 1:2:4 . from 30 to 50 

For sandstone or limestone in monolithic blocks... from 75 to 150 

For granite in monolithic blocks. from 100 to 250 


Example of Concrete-Footing Design. Concrete Cast as a Unit. A con¬ 
crete footing course 4 ft wide supports a wall 2 ft thick. The load on the 
foundation-bed is 28 000 lb per lin ft of wall, or 7 000 lb per sq ft. Assuming 
a value for / of 35 lb per sq in, what is the required depth for the concrete 
footing course? 

The moment of rupture from one form of Equation (1) is 

M « % W (/ - it), or % X 28 000 (4 — 2) « 84 000 in-lb 
Substituting in Equation (4) 

di - x 84 000/35 - 1 200, or d - 35 in 
By Equation (2)' the moment of rupture is 

M - pet ~ H* X 7 000 X 12 X 12 - 42 000 in-lb 

and 

dt >m % x 42 000/35 ■■ 600, or d 24 in -f 

The depth determined by Equations (1) or (1)', as previously noted, errs on 
the side of safety. The result by Equations (2) or (2)' conforms more nearly 
with usual practice, and as the projection is small compared with the width of 
the wall, it may be used, or an intermediate value, as determined by Equa¬ 
tions (3) or (3)', may be considered amply safe. 

Stepped Footings. If the concrete footing is cast 
in one uninterrupted operation so as to act as a 
single girder for its entire depth, a considerable 
saving of material may be effected by forming steps, 
as shown in Fig. 27. If the steps are of equal 
height the total projection should be equally divided 
between the steps. If the footing is cast in several 
layers, or if a granite slab is superimposed on a bed 
of concrete, then each layer must be figured sepa¬ 
rately and the width of the superimposed layer used 
in place of w t the width of the wall. 

Caution in Design of Footings of Several Layers. 
Fig. 27. Concrete Stepped Equation (2) should not be used where the footing 
Wall-footing consists of several layers, as the error due to the 

erroneous assumption is cumulative and would 
result in a serious concentration on the outer edges of the upper layers. 

Example of Footings of Several Layers. In the case of footings cast in 
separate layers the calculations should be made as follows: Let l\ - the 
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length of the footing having a moment, M. From Equation (1), reduced to 
inch-pounds, 


h 


2 M 

3 W 


+ w 


Having decided on the depth of each layer, say 15 in, and a value of /, say 
35 lb, for concrete, then, from the flexure-formula, M — M T — X 12 X 15* 
X35 — 15 750 in-lb, which, substituted in the above equation, will give the 
value of h, or the length of the top course. Having determined l\, the length 
of the second course, /j, is found in the same way, using l\ for w, and so on 
until the required width of the footing is reached. The dimensions l and w 
are to be taken in feet. 

Comparison of Unit and Separate-Layer Footings. Footings made in 
separate layers are very uneconomical in the amount of material required, 
when compared with those cast in one operation. If the footing in the pre¬ 
vious example is designed on the separate-layer basis and the courses assumed 
to be 15 in thick, their lengths are as follows: 

2 M 

h - — + w - f(2 X 15 750)/(J X 28 000)] + 2 - 2 375 ft 

Also 
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Bearing per square foot 

Fig. 28. Diagram Showing Ratio of Projection to Depth of Footings 


As h is nearly 4 ft, the required length, it may be made so by increasing the 
thickness of the bottom course to 16 in. The total thickness of the footing is 
therefore (4 x 15 in) + 16 in «* 76 in instead of 35 in, as previously deter¬ 
mined by Equation (1) for the footing cast as a unit. 

Rule-Of-Thumb Methods for Projections and Steps in Footings. Various 
arbitrary rules are in use which purport to give for different materials of 














184 


Foundations 


[Chap. 2 


construction so-called saje projections for given depths of footing or to 
give the safe ratio between the projection and the depth of a footing. These 
rules ignore the fact that the uplift varies and they are entirely unreliable, 
although such rules-OF-thumb are often incorporated in the building codes 
of cities. 

Example. The safe projection for offsets in brickwork is frequently given 
in building codes and in text-books as 3 in for a double course of bricks or for 
a depth of about 5 in, the corresponding ratio being 0.6. If we assume the 
value of / for brickwork at 20 lb per sq in, this offset will be safe when the 
uplift is less than 2 666 lb per sq ft, but not safe when the uplift is over 2 666 lb 
per sq ft. 

Ratio of Projection to Depth of Footing. For footings of homogeneous 
material, however, having a small projection and where Formula (2) can be 
used safely, it is possible to calculate a so-called safe ratio of projection for 
a given unit load. From Equation (2)' and Equation (4), derived from the 
formula for the moment of resistance for beams of homogeneous material 
and rectangular cross-section, the following formula may be derived: 

c/d - \A 8//p (5) 

in which all dimensions are in inches, / in pounds per square inch, and p in 
pounds per square foot. The quantity c/d is the ratio of the projection to the 
depth of the beam or footing. For a given value of / the ratio will vary 
inversely as the square root of p. 

The diagram (Fig. 28) shows curves for different values of / and p from 
which the ratio of projection to depth of footing may be taken. Thus, for a 
concrete footing for which the allowable unit stress, /, in tension is, say 30 lb 
per sq in, if the load, />, on the foundation-bed is 3 000 lb per sq ft, the allow¬ 
able projection will be 0 69 times the depth of the footing course. If the con¬ 
crete is 12 in thick, the allowable offset will be 8.3 in. Conversely, for a 
given offset, say 12 in, when the unit load is 3 000 lb and / « 30 lb as before, 
the required depth will be 1.45 times the offset. 

23. Steel Grillages in Foundations 

Advantages in the Use of Steel-Beam Grillages. When it is desirable to 
avoid the deep excavation required for concrete or masonry footings, and 
when the load of a wall has to be distributed over a wide area of support, 
steel rails or steel beams are frequently advantageously used to give the 
required moment of resistance with a minimum of depth. Steel beams are 
generally cheaper and preferable to rails, although second-hand rails have 
frequently been used as an expedient. 

Preparing the Bed and Setting the Beams. The foundation-bed should 
be first covered with a layer of concrete not less than 6 in in thickness and so 
mixed and compacted as to be as nearly impervious to moisture as possible. 
The beams should be placed on this layer, the upper surfaces brought to a line 
and the lower flanges carefully grouted so as to secure an even bearing. Sub¬ 
sequently, concrete should be placed between and around the beams so as to 
permanently protect them. 

Requirements for Steel Grillages. In determining the number and size 
of the beams for any given footing the following points should be considered: 

(1) The beams must resist the maximum bending moment, and this without 
undue deflection. 
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(2) The beams must resist the sheading-stresses, the meeting of which 
requirement ordinarily provides against crushing or buckling. 

(3) The beams must not be spaced so far apart that there is danger of the 
concrete filling between the beams failing to distribute the load. 

(4) The beams must not be spaced so near together as to prevent the plac¬ 
ing of concrete between them. The clear space between the flanges of the 
top layer should preferably be not less than 2 in and should be somewhat 
more for the lower layers. 

(5) Where the bending moment is the governing feature, of two beams of 
equal weight, the deeper beam should be used. Thus, if the required section- 
modulus is 146, a 20 in 81.4-lb beam with a section-modulus of 146.63 might 
be used; but a 24 in 79.9-lb beam is stiffer and stronger, having a section- 
modulus of 173.93. 

(6) Where the shear is the governing feature, of two beams of equal 
weights, the smaller beam is the stronger. Thus, the shearing value of a 
20-in 81.4-lb beam is greater than that of a 24-in 79.9-lb beam and is nearly 
equivalent to that of a 24-in 90-lb beam. However, on account of the greater 
stiffness of the deeper beam it is sometimes advisable to use it even though 
the cost is increased. 

(7) Recently the various steel companies have been manufacturing H- 
beams, with heavy flanges and light webs, which gives an effective and eco¬ 
nomical section for beams and columns, but these should not be used in gril¬ 
lages. The thin web has insufficient strength against buckling unless rein¬ 
forced with web plates. 

Spacing of Beams in Grillage. Table IX gives the limiting spacing for 
steel beams, based upon the safe capacity of the concrete filling acting as a 
beam, for loads of from 1 to 6 tons per sq ft. Since, however, in such small 
spans there is considerable arching effect, the concrete will safely distrib¬ 
ute the load on larger spans than those given in the table, provided a sufficient 
number of tie-rods of proper size are used to take up the thrust of the arches. 


Table IX. The Limiting Spacing for Steel Beams Used with 
Concrete Filling 


Depths 

of 

beams 


Spacing of beams for the following pressures per square foot 


1 ton 

2 tons 

3 tons 

4 tons 

5 tons 

6 tons 

in 

ft 

in 

ft 

in 

ft 

in 

ft 

in 

ft 

in 

ft 

in 

6 

1 

3 

0 

11 

0 

10 

0 

9 

0 

8 

0 

7 

7 

1 

6 

1 

1 

0 

11 

0 

10 

0 

9 

0 

8 

8 

1 

8 

1 

3 

1 

1 

0 

11 

0 

10 

0 

9 

9 

1 

11 

1 

5 

1 

2 

1 

0 

0 

11 

0 

10 

KftJ 

2 

1 

1 

6 

1 

4 

1 

2 

1 

1 

1 

0 

12 

2 

5 

1 

10 

1 

6 

1 

4 

1 

3 

1 

2 

15 

3 

0 

2 

3 

1 

10 

1 

8 

1 

6 

1 

S 

18 

3 

8 

2 

8 

2 

3 

1 

11 

1 

9 

1 

8 

20 

4 

0 

2 

11 

2 

5 

2 

2 

1 

11 

1 

10 

24 

4 

9 

3 

6 

2 

11 

2 

7 

2 

4 

2 

2 


The Design of a Well-Footing of steel beams is illustrated by the following 
example: A 24-in wall carries 42 000 ib per lin ft. What should be the size 
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and spacing of steel beams to distribute the load over the foundation-bed at 
3 600 lb per sq ft? The required width of the footing is 42 000/3 600 <- 11 ft 
8 in and the bending moment by Equation (3) is 556 800 in-lb per lin ft of 
wall. The amount of shear, by the formula given, is V - W (l — w)fl , or 
34 800 lb. As the beams are in double shear, the single shear per linear foot 
of wall is 17 400 lb. The required section-mod ulus per linear foot of wall is 
obtained by dividing the bending moment by the allowable fiber-stress in the 
steel, or 556 800/16 000 (assumed fiber-stress) » 34.8. By referring to 
tables giving the section-moduli of steel beams we find that a 12-in 31.8-lb 
beam has a section-modulus of 35.97. To satisfy the condition of bending, 
the beams must not be spaced more than 35.97/34.8 — 1.03 ft center to center. 
To satisfy the condition of wcb-crippling due to direct compression, the 
unit compressive stress must not exceed the value of Sb (allowable buckling 
resistance), which for a 12-in 31 8-lb beam is 13 060 lb per sq in. The area 
of the beam resisting compression is the length over which the load is dis¬ 
tributed, times the web-thickness. Some authorities consider that the load 
is distributed over a length equal to the loaded portion of the beam plus 
one-half the depth of the beam, but in this example the length of only the 
loaded portion is taken. In this case the area is therefore 24 X 0.35 8.4 

sq in. If the beams are spaced 1.03 ft on centers the unit direct compression 
is 42 000 X 1.03/8.4 =» 5 150 lb, which is well within the allowed stress, 
13 060 lb. To satisfy the condition of web-crippling due to shear, the shear¬ 
ing-stress must not exceed the value as derived from the formula for allow¬ 
able shear. The approximate, allowed, unit shearing value may be obtained 
by dividing the value of Sb, by the factor F, the values of which are given in 
Table IXa, following. For example, for a 12-in 31.8-lb beam this shearing 
value « 13 060/1.65 « 7 915 lb per sq in. The shearing capacity of the 
beam is obtained by multiplying this unit stress by the depth of beam 
times the web-thickness, or 7915 X 12 X 0.35 « 33 240 lb, or much more 
than required. Only one of the conditions of web-crippling need be consid¬ 
ered by applying the following rule: If the shear divided by the depth of the 
beam is greater than the total load divided by the product of the distance 
(over which the load is distributed) by the factor P, investigate for shear; 
if otherwise, investigate for direct compression. This rule may also be 
expressed as follows: According as (/ — w)jl is greater or less than 2 D/w'F , 
investigate for shear or for compression. Here l - length of beam, w «* 
loaded portion of beam, D = depth of beam, w' « length of beam over which 
the load is assumed to be distributed (often taken *= w + l /i D) and F * the 
factor for the given beam obtained from Table IXa. All dimensions must 
be taken in the same unit. If, instead of the 12-in beam, 15-in 42.9-lb beams, 
having a section-modulus of 58.91 are used, the spacing will be 58.91/34 8 » 
1.7 ft, or say 1 ft 8 in. By referring to Table IX, it is seen that the spacing of 
the beams is well within the safe limit of the concrete and no tie-rods are 
necessary. 

The Design of Column-Footings of steel beams and slabs for individual 
columns has, in recent years, been generally modified. Formerly, designers 
used the two or three tiers of steel beams with a slab as a column base. The 
present tendency is to use a single heavy slab, or one tier of beams with a 
slab, or one tier of beams with a slab stiffened by wing-plates to the column. 

In designing grillages for the heavy loads being carried by columns of the 
modern office-building, the designer should determine not only the econom¬ 
ical limit of the load which can be carried on a single slab and at which point 
it is cheaper to use beams and slab, but he must also consider several other 
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factors. The deeper the grillage, the greater the excavation and concrete 
filling in the pit for the placement of the grillage. When using wing-plates to 
stiffen the slab of the grillage, will it be possible to have them extend above 
the finished floor level of the lowest basement and thus minimize the excava¬ 
tion? Thirdly, can the mill roll the billets of the dimensions required? 
Many engineers prefer the single billet regardless of the load and location of 
the column, whether an interior column supported in a pit or on a pier, or an 
exterior column supported on a coffer-dam wall, the controlling factor being 
the size and thickness which the mills can produce. The Chase National 
Bank in New York rests on billets, as examples of which the following are 
given: Single billet, 80 m X 10}^ in X 6 ft 8 in with a load of 3 168 000 lb; in 
some cases two billets were placed alongside of one another and the load dis¬ 
tributed from the column through the addition of wing-plates or cantilevers 
as requiied. As an example, in one case where 2-583^ in X 15 in X 9 ft 3 in 
billets, with a load of 6 460 500 lb, were used, the wing-plates were 3% in 
thick. 

Table IXa. Values of Factor * for Shearing Values for Various Beams 


Beams 

For standard- 
weight beams 

For heavy¬ 
weight beams 

12 -in beam 

1 65 

1 52 

15-in beam 

1 71 

1 50 

18-in beam 

1.76 

1.58 

20 -in beam 

1 77 

1 62 

24-in beam 

1.91 

1 67 


* The factors, F t which have been deduced to be used in connection with 5* allowable 
buckling resistance, to give the safe unit shearing value based on web-crippling, will help 
greatly in investigations of shears in case tables of safe shears are not obtainable. It is 
to be noted, however, that the values derived from the use of F are approximate only, as 
this factor is a little different for every beam; and to give its value for every beam would 
require as much space as complete tables of safe shears The values of F are not given 
for the new sections of light beams as they are not usually good sections for grillages. It 
may be mentioned that the standard weight for each size of beam for which F is given 
is always the next wught higher than the minimum weight given in tables, except for the 
20-in beams, for which the minimum weight, 65 4 lb, is also standard weight. The rule 
given above for determining whether web-crippling based on shear or on direct compres¬ 
sion is the determining condition eliminates one of the calculations to be made in inves¬ 
tigating grillages. 

The Barclay-Vescy Telephone Building, the Irving Trust Company 
Building and many others are supported on single tier of grillage-beams with 
a slab stiffened by wing-plates. The maximum loads on such grillages in 
the above cases are 2 823 000 lb and 5 207 000 lb, respectively. The make-up 
of these grillages are: 9-24 in I 115 lb X 8 ft 6 in, 1-40 in X 4 in X 6 ft 10 in 
with wing-plates, and 9—24 in 1120 lb X 8 ft 4 in, 1-100 in X 5^ in X 3 ft 6 in 
with wing-plates, respectively. 

The writer believes it unnecessary to repeat here the method of designing 
grillages and billets, as many textbooks and handbooks such as those pub¬ 
lished by the American Institute of Steel Construction, Inc., and the leading 
steel companies give examples illustrating each type. 
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24. Reinforced-Concrete Footings 

Advantages and Disadvantages. Reinforced concrete has in recent years 
been largely used for footings. The arguments in favor of its use are: 

(1) Low cost of the footing-construction; 

(2) Reduction in the amount of excavation required; 

(3) Convenience, as compared with the use of steel-beam grillages, in that 
the reinforcing-steel is readily obtainable, can be cut to length on the work 
and handled without derricks. 

The objections urged are: 

(1) Danger of defective workmanship, as the strength of the footing de¬ 
pends upon the proper mixing and placing of the concrete, the proper placing 
of the reinforcement and the complete union of the concrete with the rein¬ 
forcement. The danger of defective workmanship is increased by reason of 
the usual difficulties of foundation-work, in that water and mud are generally 
present and the difficulty of careful work and inspection is greater. 

(2) Danger of the deterioration of the steel reinforcement either by rusting 
or by electrolysis. This danger is increased by the presence of moisture and 
by the relatively small cross-section of the reinforcing-bars. In this connec¬ 
tion it is well to remember that in reinforced-concrete girders as usually 
designed the concrete on the tension side is stressed beyond its elastic limit, 
as a result of which numerous fine cracks are developed under the figured load. 

Use of Reinforced Concrete for Foundations. From the foregoing it is 
apparent that great care should be used in connection with reinforced con¬ 
crete in foundations, especially as any defect is difficult to detect or repair. 
Reinforced concrete is used not only for so-called mats or slabs but is fre¬ 
quently used for distributing-girders, bolsters and even for cantilp;vers. 

The Methods Used in Calculating the Strength of Reinforced-Concrete 
Slabs, Girders, etc., are explained in other chapters. The stresses coming 
on the reinforced-concrete construction are to be determined in the same way 
as explained for footings of other materials. 

25. Timber Footings for Temporary Buildings 

Timber Footings. For buildings of moderate height timber may be used 
to give the necessary spread to the footings, provided water is always present. 
The footings should be built by covering the bottom of the trenches, which 
should be perfectly level, with 2-in planks laid close together and longitudi¬ 
nally with the wall. Across these planks heavy timbers should be laid, spaced 
about 12 in on centers, the size of the timbers being proportioned to the 
transverse stress. On top of these timbers again should be spiked a floor of 
3-in planks, of the same width as the masonry footings which are laid upon it. 
A section of such a footing is shown in Fig. 29. All of the timber-work must 
be kept below low-water mark, and the space between the transverse timbers 
should be filled with sand, broken stone, or concrete. The best woods for 
such foundations are oak, long-leaf yellow pine and Norway pine. Many of 
the old buildings in Chicago rest on timber footings. 

Calculations for the Sizes of the Cross-Timbers. The sizes of the trans¬ 
verse timbers should be computed by the following formula; 

2 X p X<? Xs 


Breadth in inches 


d*X A 
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P representing the bearing resistance of the foundation-bed in pounds per 
square foot, c the projection of the transverse timbers beyond the 3-in planks, 
in feet, s the distance on centers of the timbers in feet, and d the assumed 
depth of the beam in inches. A is the constant for strength. The values 
recommended for it are 88.9 for long-leaf yellow pine, 66.7 for white oak* and 
61.1 for common white pine or spruce. 



Example. The side walls of a given building impose on the foundation a 
pressure of 20 000 lb per lin ft; the soil will only support, without excessive 
settlement, 2 000 lb per sq ft. It is decided for economy to build the footings 
as shown in Fig. 29, using long-leaf yellow-pine timber. What should be the 
size of the transverse timbers? 

Solution. Dividing the total pressure per linear foot by 2 000 lb, we have 
10 ft for the width of the footings. The masonry footing we will make of 
granite or other hard stone, 4 ft wide, and solidly bedded on the planks in 
Portland cement mortar. The projection c of the transverse beams will 
then be 3 ft. We will space the beams 12 in on centers, so that s « 1, and 
will assume 10 in for the depth of the beams. Then, by the formula. 


the breadth in inches 


2 X 2 000 X 9 X 1 
100 X 88 9 


4.04 in 


and we should use 6 by 10-in timbers, spaced 12 in on centers. If spruce 
timber were used we should substitute 61.1 for 88.9, and the result would be 
5.9 in. 

Foundations for Temporary Buildings. W hen temporary buildings are 
to be built on a compressible soil, the foundations may, in some parts of the 
country, be constructed more cheaply of timber than of any other material, 
and in such cases the durability of the timber need not be considered, as when 
it is sound it will last two or three years in almost any place, if thorough ven¬ 
tilation is provided. The World’s Fair buildings at Chicago (1893) were, as 
a rule, supported on timber platforms, proportioned so that the maximum 
load on the soil would not exceed l}4 tons per sq ft. Only in a few places 
over uud-holes were pile foundations used. 




190 


Foundations 


[Chap. 2 


26. General Conditions Affecting Foundations 
and Footings 

Type of Foundations. The following are the principal types of founda¬ 
tions in general use: 

(1) Spread footings 

(а) Individual 

(б) combined 

(2) Mats 

(а) Plain 

(б) Two-way continuous perforated 
(r) With stiffening frame 

(d) With stiffening walls 

(3) Wood piles (single, spliced, lagged, etc.) 

(4) Precast concrete piles—various types and shapes 

(5) Uncased cast-in-place concrete piles 

(a) Straight shaft 

( b ) Enlarged base 

(6) Concrete piles cast in place within casing 

(a) Tapered piles 

(b) Cylindrical piles 

(c) Enlarged base 

(7) Steel pipe piles 

(а) Open end 

(б) Closed end 

(8) Composite piles—various combinations 

(9) Caisson piles 

(10) Open caissons 

(a) Timber sheeted; sheeting driven progressively with excavation 

( b ) Steel sheeted; sheeting driven in advance of excavation 

( c ) Vertical lagging placed against side of excavation (Chicago Method) 
{d) Horizontal lagging (New York Method) 

(11) Compressed-air caissons—various types 

(12) Coffer-dam walls used to permit excavation 

(a) Single-line wood sheeting 

( b) Single-line steel sheeting 

( c ) Cribs, earth or rock filled 

(d) Double row sheeting 

(13) Walls used as coffer-dam and as permanent construction 

(а) Built as filling to double row sheeting 

(б) Built as open or pneumatic caissons 

A detailed description of all the types enumerated above would be too 
lengthy for the discussion of this chapter. The writer will therefore limit 
the following description to the fundamentals of design and general notes. 

Each structure presents its own particular requirements, and each location 
presents its own natural peculiarities which sometimes facilitate economical 
design and construction and at other times demand extreme care and skill 
to insure safety during and after construction. The design and the methods 
of construction used should be the best for the structure in combination with 
the site. 

Present-day requirements for tall buildings now approaching a height of 100 
stories have greatly increased the size of footings, the depths of the excava- 
tion, the lateral thrusts on exterior walls and in general the complications, 



Wooden-Pile Foundations 


Art. 27] 


101 


difficulties and magnitude of the problems involved. The demand for speed 
in execution of the work has greatly increased. 

Bearing in mind that the foundations of a building come first in the build¬ 
ing program, that the design should anticipate all of the demands of the 
structure and the peculiarities of the site, and that the safety and value of 
the entire project depend on a successful foundation, sometimes also on the 
economy of the design and frequently on its rapid construction, it may not 
be out of place to recommend that architects and owners contemplating 
construction of important or difficult work should consult engineers who are 
experienced and competent in this particular field. The writer believes that 
the security, economy and speed so obtained, in general, greatly overbalance 
proper charges for such services. 

General Considerations. Where the footings of a building rest on wet sand, 
or on clay, it is important that any movement of the material forming the 
foundation-bed be prevented if possible. In many cases it is advisable to 
connect ail footings with a concrete floor to prevent any uplift of the founda¬ 
tion-bed between the footings. Where unequal settlement is apprehended 
it is inadvisable to have long columns firmly attached to the footings, as any 
unequal settlement of the footings develops a bending-stress in the column; 
such bending-stresses, in the case of long columns, may become extremely 
serious, resulting possibly in the rupture or distortion of the columns. In 
such cases it has even been proposed to design the bases of the columns with 
ball-and-socket joints which would allow unequal settlement of the footings 
without distortion or bending of the columns. Such connections, however, 
could not be generally used because of the necessity of bracing the structure 
against the horizontal pressure of the wind, but they would be entirely prac¬ 
ticable in the case of long interior columns. 

The Minimum Depth of Footings is limited by the depth of the cellar, by the 
requirements of the cellar as to whether part of the footings can project above 
the cellar-floor level, by the depth of the footing itself and by the ground 
water-level. The minimum depth will be advantageously exceeded if, by 
a slight increase in depth, a material capable of sustaining a higher unit load 
is found on which to rest the footings; or if, as explained in previous articles 
of this chapter, greater security is afforded by locating the footing at a greater 
depth. These considerations will influence the design of a footing and in all 
cases should be taken into consideration. In some cases it may be cheaper 
to abandon the use of a spread footing of any type and resort to piles or 
masonry construction going to rock or to some other solid substratum. 
Where there is any question on this point, careful comparison should be 
made of the advantages and costs of the two methods. In general, however, 
it will be cheaper to spread footings immediately below the cellar-excavation 
level than to employ any of the various deep-foundation methods. 

Deep Foundations are necessary when the material at the level at which 
spread footings would ordinarily be constructed is not suitable, or in case it 
is desirable for any reason to carry the foundations of the building down to 
an underlying stratum of greater supporting power. Recourse must then be 
had to one of the above enumerated types of foundations, other than spread 
footings or mats. 

27. Wooden-Pile Foundations 

The Dae of Wooden Piles. When it is required to build upon a compres¬ 
sible soil that is constantly saturated with water and of considerable depth, 
the most practicable method of obtaining a solid and enduring foundation for 
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buildings of moderate height is by driving wooden piles. Many buildings in 
the city of Boston, Mass., and several tall office-buildings of New York City 
and Chicago, rest on wooden piles, and they are extensively used for support¬ 
ing buildings, grain-elevators, etc., erected along the water-front of coast and 
lake cities. The durability of wooden piles in ground constantly saturated 
with water is beyond question, as they have been found in a perfectly sound 
condition after the lapse of from six to seventeen centuries. 

Municipal Requirements. The laws of Boston require that wooden piles 
shall be capped with block-granite levelers or with Portland-cement concrete, 
and that the spacing shall not exceed 3 ft between centers. The laws of 
Chicago require that wooden piles shall be driven to rock or hard-pan and 
capped with grillage of timber, concrete, or steel, or a combination of these. 
The laws of New York specify a minimum diameter of 5 inches and a maxi¬ 
mum spacing of 3 ft between centers. 

The Maximum Loads Allowed on Wooden Piles in various cities are as 
follows: Atlanta, 20 tons; Buffalo, 25 tons; Minneapolis, 20 tons; Rich¬ 
mond, 25 tons; St. Louis, as many tons as the piles will safely support; 
Chicago, 25 tons; Louisville, 20 tons; St. Paul, 25 tons; New York, 20 tons; 
Portland, Ore., 25 tons; Cleveland, 25 tons. Most of the above cities also 
limit the allowed load by Wellington’s formula which is hereinafter given 
under the heading, Bearing-Power of Piles. 


Kinds of Wood Used for Piles. Wooden piles are made from the trunks 
of trees and should be as straight as possible and not less than 5 in in diame- 

ter at the small end for light 
K pAr i\y. _JV\ buildings, or 8 in for heavy 

/ HlllKik I l|p) buildings. The woods generally 

i ] Ml 1 |[j(|| used for piles are spruce, hem- 

I i,i Mill I [ Ipl lock, white pine, Norway pine, 

|i (jm Mil v M p| long-leaf and short-leaf yellow 

i| WSJ j|!| jy pine, pitch-pine, cypress, 

m l ' if PI | ^SjpLj Douglas fir, and occasionally 

m Jlllj !/ Jjllji' oak, hickory, elm, black gum 

* f I (rl !r and basswood. There does not 

y Y 1 r appear to be much difference 

J | L — H|i in the woods as to durability 

] 1| ! Ml under water, but the tougher 

\ r \\ / I v | JJ B and stronger woods are to be 

\ \ \\ / |L ijfl preferred, especially where the 

\ /Hr piles are to be driven to hard- 

\ \ \\ / % if pan and heavily loaded. 

\ \ \\ / \ f \B Preparing Wooden Piles 

\\ \\ / V for Driving. The piles should 

vr \\ / A be PREPARED FOR driving by 

U \\ / cutting off all limbs close to the 

\ \1 / trunk and sawing the ends 

square. It is probably better 
to remove the bark, although 
Fig. 30. Points of Wooden Piles Prepared for piles are more often driven with 

Driving the bark on, and it is doubtful if 

the bark makes much difference 


one way or the other. For driving in soft and silty soils, experience has 
shown that the piles drive better with a square point. When the penetration 
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is less than 6 in at each blow the top of the pile should be protected from 
brooming by putting on an iron ring, about 1 in less in diameter than the 
head of the pile, and from to 3 in wide by % in thick. The head should 
be chamfered to fit the ring. When driven into compact soil, such as sand, 
gravel, or stiff clay, the point of the pile should be shod with iron or steel. 
The method shown at A, Fig. 30, answers very well for all but very hard 
soils, and for these a cast conical point about 5 in in diameter, secured by 
a long dowel, with a ring around the end of the pile, as shown at B, makes 
the best shoe. Piles that are to be driven in or exposed to salt water should 
be thoroughly impregnated with creosote, dead oil, or coal-tar, or some mineral 
poison to protect them from the teredo or shipworm, which will completely 
honeycomb an ordinary pile in three cr four years. 

Driving Wooden Piles with the Drop-Hammer. The piles should always 
be driven to an even bearing, which is determined by the penetration under 
the last four or five blows of the hammer. The usual method of driving piles 
for the support of buildings is by a succession of blows given with a block of 
cast iron or steel, called the hammer, which slides up and down between the 
uprights of a machine called a pile-driver. The machine is placed over the 
pile, so that the hammer descends fairly on its head, the piles always being 
driven with the small end down. The hammer is generally raised by steam- 
power and is dropped either automatically or by hand. The usual weight of 
the hammers used for driving piles for building foundations is from 1 500 to 
2 500 lb, and the fall varies from 5 to 20 ft, the last blows being given with a 
short fall. Occasionally, hammers weighing up to 4 000 pounds and over 
are used. 

Driving Wooden Piles with the Steam-Hammer. Steam-hammers are 
to a considerable extent taking the place of the ordinary drop-hammers in 
large cities, as they will drive many more piles in a day, and with less damage 
to the piles. The steam-hammer delivers short, quick blows, from sixty to 
seventy to the minute, and seems to Jar the piles down, the short interval be¬ 
tween the blows not giving time for the soil to settle around them.* In driv¬ 
ing piles care should be taken to keep them plumb, and when the penetration 
becomes small, the fall should be reduced to about 5 ft, the blows being given 
in rapid succession. Whenever a pile refuses to sink under several blows, 
before reaching the average depth, it should be cut off and another pile driven 
beside it. W 7 hen several piles have been driven to a depth of 20 ft or more 
and refuse to sink more than in under five blows of a 1 200-pound hammer 
falling 15 ft, it is useless to try them further, as ttie additional blows only 
result in brooming and crushing the heads and points of the piles, and splitting 
and crushing the intermediate portions to an unknown extent. 

Spacing Wooden Piles. Piles should be spaced not less than 2 ft on cen¬ 
ters. When long piles are driven closer than 2 ft on centers there is danger 
that they may force each other up from their solid bed on the bearing stratum. 
Driving the piles dose together also breaks up the ground and diminishes the 
bearing power. When three rows of piles are used the most satisfactory spac¬ 
ing is 2 ft 6 in on centers across the trench and 3 ft on centers longitudinally 
provided this number of piles will carry the weight of the building. If they 
will not, then the piles must be spaced closer together longitudinally, or an¬ 
other row of piles driven; but in no case should the piles be less than 2 ft apart 
on centers, unless driven by means of a water-jet. The number of piles under 

* The 5 000 piles, averaging 4$ ft in net length, under the Chicago Post Office were 
driven with a steam-hammer weighing 4 400 lb and delivering 60 blows per minute. 
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the different portions of the building should be proportioned to the weight 
which they are to support, so that each pile will receive very nearly the same 
load. 

Capping Wooden Piles. The tops of the piles should invariably be cut 
off at or a little below low water-mark, otherwise they will soon commence to 
decay. They should then be capped, either with large stone blocks, or con¬ 
crete, or with timber or steel grillage. 

Concrete Capping. The general practice in use to-day is the reinforced 
concrete cap, the method being to excavate 6 in to 12 in below the tops of the 
piles and one foot outside of the piles. Concrete is then placed around and 
above the piles. Approximately 3 in above the tops of the piles a layer of 
reinforcement running in both directions is placed, the concreting is contin¬ 
ued until the required thickness of the cap has been completed. Caps are 
usually 18 in or more in thickness, depending upon the number and spacing 
of piles in the group and the design requirements for bending and shear. On 
this foundation the grillages of the column, or the wall to be supported, is 
placed. This construction, in the opinion of the writer, makes the best type 
of capping, as the reinforced concrete cap ties all the piles of the group 
together. 

Timber-Grillage Capping. Most of the pile foundations of Chicago have 
heavy timber grillages bolted to the tops of the piles and stone or concrete 
footings laid on top of the grillages. The timbers for the grillages should be 
at least 10 by 10 in in cross-section, and should have sufficient transverse 
strength to sustain the load from center to center of piles, using a low fiber- 
stress. They should be laid longitudinally on top of the piles and fastened 
to them by means of drift-bolts, which are plain bars of iron, either round 
or square in section, and driven into holes about 20% smaller in section than 
the bolts themselves. Round or square bars 1 in in section are generally used, 
the holes being bored by a %-in auger for the round bolts and by a J^-in 
auger for the square bolts. The bolts should enter the piles at least 1 ft. If 
heavy stone or concrete footings are used and the space between the piles and 
timbers is filled with concrete level with the tops of the timbers, no more 
timbering is required; but if the footings are made of small stones and no 
concrete is used, a solid floor of cross-timbers, at least 6 in thick for heavy 
buildings, should be laid on top of the longitudinal capping and drift-bolted 
to them. Where timber grillage is used it should, of course, be kept entirely 
below the lowest recorded water-line, as otherwise it will rot and allow the 
building to settle. It has been proved conclusively, however, that any kind 
of sound timber will last practically forever if completely immersed in water. 

The Advantages of Timber Grillage are that it is easily laid and effectually 
holds the tops of the piles in place. It also tends to distribute the pressure 
evenly over the piles, as the transverse strength of the timber will help to carry 
the load over a single pile, which for some reason may not have the same bear¬ 
ing capacity as the others. Steel beams, embedded in concrete, are sometimes 
used to distribute the weight over piles, but some other form of construction 
can generally be employed at less expense and with equally good results.* 

Specifications for Wooden-Pile Foundations. The contractor is to fur¬ 
nish and drive the piles indicated on sheet No._ 

The piles are to be of sound spruce (hemlock, long-leaf yellow pine), per- 

* For a description of the pile foundations and capping of the Chicago Post Office, see 
Freitag’s Architectural Engineering, pages 350 to 352. 
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fectly straight from end to end, trimmed close, and cut off square to the axis 
at both ends. 

They are to be not less than 6 in in diameter at the small end, 10 in at the 
large end, when cut off, and of sufficient length to reach solid bottom, the nec- 



Fig. 31. Piling-plan, Chamber of Commerce Building, Boston, Mass. 


essary length of piles to be determined by driving test-piles in different parts 
of the foundation. 

All piles are to be driven vertically, in the exact positions shown by the 
plan, until they do not move more than 5 in under the last five blows of a 
hammer weighing 2 000 lb and falling 20 ft. All split or shattered piles are 
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to be removed if possible and a good one driven in place of each imperfect one. 
In cases where such piles cannot be removed an additional pile is to be driven 
for each imperfect one. If the piles show a tendency to broom, they are to 
be bound with wrought-iron rings, 2^2 in wide and % in thick. 

All piles, when driven to the required depth, are to be sawed off square for 
a horizontal bearing at the grade indicated on the drawings. 

The Bearing Power of Piles. In regard to their use for supporting build¬ 
ings, piles may be divided into two classes: (1) Those which are driven to 
rock or hard-pan, that is, firm gravel or clay and (2) those which do not 
reach hard-pan. 

(1) A pile belonging to this class when driven through a soil that is suffi¬ 
ciently firm to brace the pile at every point, may be computed to sustain a 
load equal to the safe resistance to crushing on the least cross-section. If the 
surrounding soil is plastic the bearing power of the pile will be its safe load 
computed as a column, having a length equal to the length of the pile when 
capped. Test-piles driven on the site of the Chicago Public Library Building, 
through 27 ft of soft, plastic clay, 23 ft of tough, compact clay and 2 ft into 
hard-pan, sustained a load of 50.7 tons per pile for two weeks without appar¬ 
ent settlement. There are many instances where piles driven to the depth 
of 20 ft in hard clay sustain from 20 to 40 tons, and a few instances where they 
sustain up to 80 tons per pile. 

(2) A pile belonging to this class depends for its bearing power upon the 
friction, cohesion and buoyancy of the soil into which it is driven. The 
safe load for such piles is usually determined by the average penetration of 
the pile under the last four or five blows of the hammer. Several engineers 
have formulated rules for determining the safe loads for piles of this class, 
but there are so many conditions that modify the amount of the penetra¬ 
tion, and its exact determination, and so many varying conditions of driving 
and of soil, that it is considered impossible to formulate any rule that can be 
considered entirely satisfactory for all the conditions under which such piles 
are driven. 

The Engineering News Formula. The formula generally used by engineers 
was derived by M. A. Wellington, and is often referred to as the Engineer¬ 
ing News Formula: 

The safe load in tons = 2 whf (5 + 1) for drop-hammer 
The safe load in tons = 2 wh/ (S -f 0.1) for steam hammer 

in which w * the weight of the hammer in tons; 

h « the height of fall of the hammer in feet; 

5 ** the penetration in inches under the last blow or the average 
under the last five blows. 

When loads are based on this formula the piles should be driven until the 
penetration does not exceed the limit assumed, or if this is found to be'im¬ 
practicable, new calculations must be made based on the smallest average 
penetration that can be obtained, and a greater number of piles used. In 
localities where piling is commonly used for foundations, the least penetration 
that can be obtained within practical limits of length of pile can generally be 
ascertained by observation, or by consulting somebody who is experienced 
in driving piles. The longer the pile the less, as a rule, will be the final set 
or penetration. Where there is no experience to guide one it will be necessary 
to drive a few piles to determine the length of pile required, or the least set 
for a given length of pile. Some piles will have to be driven further than 
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others to bring them to bearings of equal resistance. When the piles are to 
be loaded to more than 50% of the assumed safe load, the final set of each 
pile should be carefully measured by an inspector, the broom and splinters 
being removed from the head of the pile for the last blow. 

Safe Loads for Piles. In the past the drop-hammer has been in more gen¬ 
eral use than is the case to-day. Table X, computed by the above formula 
for drop-hammers, gives the safe loads for different penetrations under differ¬ 
ent falls of the hammer weighing one ton. For a hammer of different weight, 
multiply the safe load in the table by the actual weight of the hammer in 
tons. Thus, for a hammer weighing 1 000 lb, the values in the table should 
be multiplied by 3^, and for a 1 500-lb hammer, by %. 

For steam hammers it would be useless to set up a table of penetration 
versus safe carrying capacity, as the weights of striking parts and the length 
of strokes are continually being modified by the manufacturers. It is there¬ 
fore advisable to apply the above formula only after determining the type 
and specifications of the hammer to be used. When a double-acting hammer 
is used with steam or compressed air to increase the blow of the driving ram, 
the stroke times the weight of the ram plus the area of the piston multiplied 
by the mean effective pressure of the steam or compressed air on the piston 
during the stroke gives the energy of the ram in foot tons per blow and should 
be substituted for the term wh in the above formula. 


Table X. Safe Loads in Tons for Piles 

For hammer weighing 1 ton 


Penetration 

Height of the fall of the hammer in feet 
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Example of Computations for Pile Foundations. Suppose that from the 
observations of the pile-driving for an adjacent building it is found that piles 
driven from 20 to 30 ft take a set of 1 in under a 1 200 hammer falling 20 ft, 
and that additional blows result in about the same set. 

From Table X we find that the safe load for a fall of 20 ft and a penetra¬ 
tion of 1 in is 20 tons. Multiplying by the weight of the hammer in tons, 
0.6, we have 12 tons as the safe load per pile. Suppose that the total load on 
1 lin ft of footing is 13 tons. As we must have at least two rows of piles, and 
each two piles will support 24 tons, it follows that the spacing of the piles 
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longitudinally should be 24/13 — 1 ft 10 in. As this is too close, we should 
use three rows of piles, spaced 2 ft apart laterally, and the longitudinal spac¬ 
ing would then be 36/13 — 2 ft 9 in. The width of the capping would be 
about 5 ft. If the load on the piles under the interior columns, for example, 
is 105.8 tons, this, divided by 12, the safe load for one pile, gives nine piles, 
or three rows of three piles each, which should be spaced 2 ft 6 in apart, each 
way. 

Some Actual Loads on Wooden Piles. The following examples of the 
actual loads supported by piles, under well-known buildings, and of loads 
which piles have borne for a short time without settlement, should be of value 
when designing pile foundations. 

Boston. At the South Station three piles were loaded with about 60 
tons of pig iron, 20 tons per pile, without settlement. The allowed load was 
10 tons per pile. 

Piles 12 in in diameter at the butt and 6 in at the point driven 31 ft into 
hard, blue clay near Ilaymarket Square, failed to show movement under 30 
tons, the ultimate load being probably 60 tons. Other piles driven 17.9 ft 
sustained a load of 31 tons each. The average penetration under the last ten 
blows of a 1 710-lb hammer falling from 9 to 12 ft varied from 0.4 to 0.95 in 
per blow for fifteen piles. 

Piles 25 ft long under the Chamber of Commerce Building penetrated 
about 3 in under the last blow of a 2 000-lb hammer falling about 15 ft. 

Cambridge. The buildings of the Massachusetts Institute of Technology 
built in 1915-16 are supported on spruce and oak piles with a design load of 
10 and 14 tons, respectively. The pile tips penetrated to the stiff day strata 
and were so spaced as to load the clay at a unit of % of a ton per sq ft plus the 
overburden. Notwithstanding the apparently low unit load, the buildings 
have settled for a long period of time.* 

Chicago. In the Public Library Building the piles were proportioned to 
30 tons each and were tested to 50.7 tons without settlement. 

In the Schiller Building the estimated load was 55 tons per pile; the building 
settled from 1to 2}^ in. 

In the Passenger Station of the Northern Pacific Railroad, at Harrison 
Street, piles 50 ft long were designed to carry 25 tons each and did so without 
perceptible settlement. 

The Art Institute Building, parts of the Stock Exchange Building and also 
a large number of warehouses and other buildings on the banks of the river 
rest on piles. 

New York City. The Ivins (Park Row) Building is supported by about 
3 500 14-in spruce piles, arranged in clusters of fifty or sixty, for single col¬ 
umns, and a corresponding number under piers supporting two or more col¬ 
umns. The piles were driven to refusal of 1 in under a 20-ft fall of a 2 000-lb 
hammer. The material is fine, dense sand to a depth of over 90 ft. But few 
piles could be driven more than 15 or 20 ft. The average maximum load 
per pile is 9 tons. 

The American Tract Society's Building is supported on piles. 

Brooklyn. Piles under the Government Graving Dock, driven 32 ft, on 
the average, into fine sand mixed with fine mica and a little vegetable loam, 
are supposed to sustain from 10 to 15 tons each. 

New Orleans. Piles driven from 25 to 40 ft into a soft alluvial soil carry 
safely from 15 to 25 tons, with a factor of safety of from 6 to 8. 

• Boston Society of Civil Engineers, Proceedings of January, 1918 . 
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28. Concrete-Pile Foundations 

Durability of Wooden and Concrete Piles. Concrete piles, either plain 
or reinforced, possess many advantages over wooden piles and, in general, can 
be used in all places where wooden piles can be driven. Concrete piles, com¬ 
pared with wooden piles, have primarily the advantage of greater perma¬ 
nence. Timber piles, kept constantly wet and protected from the action of 
the teredo or other destructive influences, may be practically everlasting, 
but cannot be counted upon above water level; whereas concrete piles should 
be proof against all deteriorating actions, whether wet or dry, except the 
action of freezing on wet concrete. 

Strength of Wooden and Concrete Piles. Concrete piles without rein¬ 
forcement, if made of good concrete, should have nearly the same crushing 
strength per square inch as ordinary yellow-pine piles, and with properly 
placed reinforcement concrete piles should have a much higher crushing 
strength per square inch than timber piles. Moreover, timber piles do not 
have uniform cross-sections. For instance, a slender timber pile 40 ft in 
length and 12 in in diameter at the butt, is probably not over 6 in in diame¬ 
ter at the point. In direct compression the load on a point-bearing pile of 
the above dimensions is limited to the safe load on the point of the pile, where 
it is 6 in in diameter; and a cylindrical concrete pile, 12 in in diameter and 
under similar conditions, will have a cross-section of 113 sq in at all points, 
compared with the cross-section of 28 sq in at the point of the timber pile. 
Moreover, if we consider both piles as long columns, it must be borne in 
mind that a timber pile may not be straight and that it may, therefore, be 
subject to stresses and deformations due to eccentric loading, which are 
avoided in a straight concrete pile. 

Reinforced-Concrete Piles. In practice concrete piles are generally rein* 
forced, and if a pile is to be considered as a long column the reinforcement 
may be increased at the center, so as to provide for stresses due to handling 
and to its acting as a long column. The concrete piles may be formed com¬ 
plete, above ground, in which case they may be straight or tapered, with 
square, circular or other cross-sections. The reinforcement may consist of a 
number of vertical rods generally disposed symmetrically around the axis of 
the pile. The vertical rods should be connected by horizontal wiring or by 
spiral reinforcement. As before stated, the reinforcement may be increased 
at the central section so as to provide against stresses due to the use of the 
pile as a long column, in which case the additional reinforcement should be 
placed near the periphery 7 of the cross-section. 

Types of Concrete-Pile Reinforcement. There are many types of rein¬ 
forcement, one method even employing a woven-wire fabric which is laid out 
flat on a table and covered w ith a thin layer of concrete, the entire mat com¬ 
prising the wire fabric and the concrete being then rolled into a solid cylindri¬ 
cal form which, when set, forms the finished pile. The concrete piles may be 
formed in place by any one of several different methods. 

The Raymond Method. In the so-called Raymond Pile Method a steel 
mandrel of tapered form is driven into the ground, and when the required 
penetration has been obtained this mandrel is collapsed and withdrawn, 
leaving a hole corresponding to the size of the extended mandrel in the 
ground; this hole is then filled with concrete. The reinforcement may be 
placed in the hole prior to the placement of the concrete. This method, as 
described, is applicable only to such material as will stand while the mandrel 
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is being withdrawn and the hole is being filled with concrete. In most cases 
the method used is as here described except that a thin shell of steel is placed 
on the mandrel before driving. When the mandrel is collapsed the shell is 
left in the ground, thus forming a lining for the hole which is subsequently 
filled with concrete or with reinforcing-rods and concrete, as before described. 
Raymond piles have been extensively used, especially for friction-piles or 
skin-bearing piles in soft and artificially filled-in ground. An improved 
form of lining-shell employed in the Raymond method is combined with a 
spiral reinforcement inside of the shell, which materially assists in preventing 
the collapse of the shell. 

The Simplex Method of Forming Concrete Piles in Place. The Simplex 
Method differs from the Raymond method and may be briefly described as 
follows: A steel pipe, generally cylindrical in form, of the required size and 
length and fitted with a detachable cast-iron conical driving-point, is driven 
into the ground to the required depth; the pipe is then partially filled with 
concrete. A piston-like plunger, smaller in diameter than the inside diame¬ 
ter of the pipe, is then placed on the concrete and the pipe is partially with¬ 
drawn, leaving the driving-point and part of the superimposed concrete in 
the ground. This operation is repeated until the pile is built up to the re¬ 
quired height. In certain materials, instead of using a detachable driving- 
point, the driving-point consists of two jaws hinged to the lower end of the 
pipe, so arranged that while during the driving they form a driving-point, 
when the pipe is withdrawn they open and form an extension of the cylindrical 
pipe. In other words, the jaws are formed of steel plates previously bent to 
the same radius as the radius of the pipe and so hinged that when they are in 
their open-position the plates forming the jaws constitute an extension of 
the cylindrical surface of the pipe. It is evident that plain reinforcing-bars 
can be placed in position before concrete is put into the pipe. 

Caution for Concrete Piles Built in Place. Care should be taken in design¬ 
ing and placing the reinforcing for all concrete piles built in place, that the 
subsequent placing of the concrete does not throw the reinforcement out of 
position and that all voids between the reinforcement and the shell are com¬ 
pletely filled. 

The Pedestal Pile is designed to give an enlarged cross-section at the 
base of the pile. The method is similar to that of the Raymond method, the 
increase in diameter being obtained as follows: After the pipe has been driven, 
the driving-core is withdrawn and the pipe partially filled with concrete. 
Then the concrete in the pipe is rammed, forcing the concrete out of the pipe 
and compressing the material below the pipe, so that the concrete is forced 
into the soil. A repetition of this operation results in forming a base or 
mushroom below the pipe larger in diameter than the diameter of the pipe. 
Finally the pipe is withdrawn, the filling and ramming-operations continuing 
meanwhile, until the pile is carried up to the required height. 

Composite Piles. Protected piles, for use in localities where the teredo 
affects the life of timber piles under water, are composed of timber piles with 
concrete coatings held in position by steel reinforcements in the shape of 
expanded metal or wire netting. Such piles are to be considered as timber 
piles rather than as concrete piles. 

Timber Piles with Concrete Caps. In some localities where the permanent 
water-level is considerably below the level of the required excavation, timber 
piles have been driven with a follower, the follower consisting of a steel pipe 
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or cylindrical shell. When the head of the pile is driven to a safe distance 
below low water the pipe-follower is filled with concrete and withdrawn, 
leaving the concrete pier resting on a timber pile. This composite pile would 
appear to possess the advantage of combining the cheapness of a timber pile 
below the water-level with the permanency of a concrete pile above the water- 
level. Great care, however, should be used in adopting this method on 
account of the difficulty of securing proper connection between the concrete 
and the wooden pile. 

The Methods used in Driving Built-up Piles are practically the same as 
are used in driving wooden piles, except that a cushion of wood, rope, or 
other material is placed on the head of the pile to be driven to cushion the 
blow of the hammer. Steam-driven or air-driven reciprocating hammers 
are preferable to the ordinary drop-hammers. In stiff materials the use of a 
water-jet is advisable and, in fact, in many cases indispensable. In lifting 
concrete piles use is made of a special sling which is attached to a pile at 
two points, each point one-quarter of the length of the pile from the end. 
The sling should have a spreader so that the stress due to the oblique pull 
of the chain-sling is taken up by the spreader rather than by the pile. 

The Casting of Concrete Piles. Concrete piles should be cast in one 
prECE by a continuous operation so that there will be no plane of weakness 
formed between partially set concrete and fresh concrete. They may be cast 
either in a vertical position, in forms, or in a horizontal position. Square- 
section concrete piles have been cast in a horizontal position and side-forms, 
only, used, the previously cast concrete pile, protected by paper, forming the 
bottom form. In some cases, where it is intended to use jf water-jet in sink¬ 
ing a pile, the latter is cast around an iron pipe which is afterwards used for 
the water-jet. In general, however, this is dispensed with and an external 
detachable pipe used for the water-jet. 

Incidental Advantages of Concrete Piles. In many cases, where concrete 
piles are more expensive than timber piles, the saving in excavation and foot¬ 
ings more than offsets the increased cost. For example, if the excavation for 
the cellar of a building does not go down to water-level, the use of timber piles 
will necessitate excavating down to a point below water-level in order that the 
piles may be cut off low enough to keep their heads always wet. Concrete 
piles, however, can be driven from the level of the bottom of the cellar-excava¬ 
tion, and this additional excavation and the necessary construction between 
the excavation-level and the level of the cut-off for the timber piles thus 
avoided Moreover, as one concrete pile may have a supporting power 
equal to the supporting power of four wooden piles, the size of the footings 
will be much smaller with concrete piles than with wooden piles. 

Comparison of Wooden and Concrete Piles under Piers. The footings 
for a column or pier 24 in sq in section, requiring for its support, say, sixteen 
wooden piles, spaced 2 ft 6 in from center to center, will be, allowing for slight 
inequalities in driving, approximately 10 ft square, the projections being 4 ft 
beyond the size of the base. Such a footing will ordinarily require a steel 
grillage or reinforced-concrete base, or, if made of ordinary concrete, will be of 
very considerable depth; whereas, if four concrete piles, placed 3 ft from 
center to center, are used, instead of wooden piles, the area of the base will 
be a little over 4 ft square and the projection will be only 1 ft. A suitable 
footing would consist of a reinforced-concrete cap not over 2 ft in thickness. 
The saving in cost of excavation, concrete and steel in the footing is all in 
favor of the use of concrete piles. 
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Concrete Piles under Walls. In the case of a continuous wall, where the 
load per linear foot of wall is not great, a single row of concrete piles is often 
sufficient to support the weight of the wall. In such cases, the piles should 
not be placed in straight lines but should be staggered, and a sufficient foot¬ 
ing should be constructed connecting the heads of the piles, so as to afford 
stability to the wall. 

The Method Employed in Calculating Reinforcement for Concrete Piles 

is the same as that employed in calculating ordinary reinforced-concrete 
columns, the only difference being that where a pile is not point-bearing, but is 
dependent on the surrounding material for its support, it need not be consid¬ 
ered as a long column. Point-bearing piles deriving their support from 
some solid material on which their lower extremity rests, must be considered 
as LONG columns, on the assumption that the material surrounding the piles 
may fail to support them. In the case of friction-piles, depending for their 
support upon the surrounding material, this assumption cannot be made, as 
any failure of the material will involve a settlement of the pile. It should be 
borne in mind that any structure supported on piles supported by skin- 
friction is dependent for its stability upon the continued supporting power 
of the material surrounding the piles. In many cases buildings resting on 
piles driven into soft ground have settled as the result of the consolidation 
and settlement of the material surrounding the piles, notwithstanding the 
fact that the piles when driven were amply able to support the loads for which 
they were designed. 

Loads Allowed on Concrete Piles. The building laws of most cities 
allow on concrete piles from 350 to 500 lb per sq in on the concrete plus from 
6 000 to 7 500 lb per sq in on the vertical reinforcement. On this statement 
it would appear possible to design a short concrete pile 12 in square, on which 
the allowed load would be 100 tons, and it is possible that such a pile, tested 
as a short column, would develop in a tcstiftg-machine a strength justifying 
the use of such construction; but, bearing in mind that the character of the 
support for the base of such a column is underground and cannot be inspected, 
and bearing in mind also the uncertainties attending the manufacture of the 
pile, it is evident that it would be improper to load a pile to this extent in 
practice. It would, however, be considered good practice to load concrete 
piles up to one-third of a test-load applied to not less than 3 % of the piles 
used. In ordinary practice, reinforced-concrete piles are loaded up to 500 lb 
per sq in of cross-section. 

Pipe-Pile Foundations. In recent years many buildings have been sup¬ 
ported on concrete-filled pipe-piles bearing on rock or hard-pan. This type 
can be advantageously used when cellar space below ground water-level is 
not desired, when encumbrances, such a boulders, timber cribbing, etc., are 
not to be encountered between the cellar subgrade and the bearing strata and 
where this distance is not excessive. The New York City code requires that 
the length of pipe-piles should not be more than 40 times their inside diameter. 
The pipes are usually 10 to 18 in in diameter, although cylinders up to 52 in 
in diameter have been used, having a thickness of % to % in. The pipe is 
driven in sections with a steam hammer, and, as additional sections are 
required, these are attached to the driven section by means of a cast-iron or 
steel internal sleeve and redriven. When the pile has reached its bearing 
level it is cleaned out by blowing or dug out by means of augers, pipe “ orange 
peels” or other similar tools. The pile is then pumped out and concreted. 
The New York City code allows that these piles, if filled with 1:2:4 con¬ 
crete, may be loaded to 500 lb per sq in on the concrete and 7 500 lb per 
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sq in on the steel. The effective steel area is to be taken as the circumference 
multiplied by the shell thickness minus The writer believes.the load 

on the pile should be reduced 5% for each splice in excess of one in its length. 
Piles should be spaced at least the pipe’s diameter plus 10 in, and not less 
than the diameter of a circular area which, when divided into the load on 
the pile, will give a unit load on the bearing strata not greater than that 
allowed by the code. 

29. Foundation Piers and Foundation Walls 

Foundation Piers and Walls as distinguished from ordinary cellar piers 
and walls, extend from the level of the underside of the cellar-floor to rock or 
other solid foundation-bed. In general, such piers and walls are composed 
of concrete and are of such dimensions that the safe unit loads on the concrete 
forming them are not exceeded. If the foundation-bed is rock, compact hard- 
pan, or gravel, there need be little or no enlargement of the base of the pier or 
wall, as the safe unit loads on such natural foundation-beds are generally 
equal to the safe unit loads on the concrete forming the body of the pier or 
wall. The design of such piers and walls is therefore an entirely simple mat¬ 
ter governed by the principles already outlined, and by certain considerations 
mentioned hereafter. 

The Methods used in the Construction of Foundation Piers and Walls 

are, however, necessarily varied to suit different materials and to meet differ¬ 
ent conditions encountered, and the design of a pier necessarily differs with 
different methods of construction. For example, if the construction is to be 
executed by means of the ordinary sheet-piling method, piers and walls will 
have in general rectangular outlines. But if the Chicago method or the pneu¬ 
matic caisson is employed, it will generally be cheaper to use piers having a 
circular cross-section and the support for walls may be a succession of cylinders 
rather than continuous walls. The detailing of the concrete structure consti¬ 
tuting the piers or walls is simple after a determination is made of the meth¬ 
ods by which the construction is to be put in place. This subject is discussed 
in the following chapter-subdivision, Methods of Excavating for Foundations. 


30. Methods of Excavating for Foundations 

Simple and Complex Excavations. Excavations in earth for footings of 
walls and piers may vary from simple trenches and pits of the required sizes 
and depths to accommodate the footings, up to deep subaqueous excavations 
requiring all the resources of engineering skill. 

The Sides of Excavations. If the earth is firm and the depth not excessive 
the sides of the excavation may be self-supporting, in which case the excava¬ 
tion may be made the neat size of the footing and the sides of the excavation may 
take the place of forms for the concrete deposited to form the footing. Where 
the excavation is deep, and especially where the earth is not firm, the sides of 
the excavation must be sloped or, if made vertical, must be supported by 
bracing or by some form of sheet-piling. Where the excavation is over 8 ft 
in depth it will generally be cheaper to support the sides of the excavation 
than to slope them. Where the excavation adjoins a property-line it will gen¬ 
erally be inadvisable to slope the excavation on account of damage to the 
adjoining property, and in such cases it will be necessary to use sheeting, even 
if sloping the earth would be cheaper. 
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Bracing in many cases will serve to support the sides of the excavation with¬ 
out the necessity of dose sheeting. The bracing may consist simply of 
short pieces of plank placed against opposite sides of the excavation and held 
in position by horizontal timber struts secured by wedges; or, especially in 

narrow trenches, some form of 
an extensible sewer-brace 
may be used. Fig. 32 repre¬ 
sents a usual form of ex¬ 
tensible brace. Generally, 
however, the sides of an ex¬ 
cavation will not stand with a 
vertical face, even if braced in 
Fig. 32. Extensible Brace for Narrow Excavations this manner, for any length of 

time, and if the material is 
loose sand or soft clay, such bracing is entirely inadequate. In such cases, 
and in fact generally, some form of continuous sheet-piling must be 
employed. 

Ordinary Wooden Sheet-Piling consists of a continuous line of vertical 
planks held against the sides of the excavation by horizontal timbers known as 
wales, waling or breast-timbers, these wales, or breast-timbers being in 
turn supported either by cross-braces extending across the excavation to an 
opposite wall or side of the excavation, or by indined struts known as shores 
or pushers, extending to the bottom of the excavation where heels or in- 
dined platforms are sunk in the undisturbed material to afford points of 
support. 

Earth-Pressure on Sheet-Piling. The load on the sheeting due to the 
earth-pressure may be calculated on the assumptions made for the design of 
retaining-walls, but the thickness of the sheeting planks, the sizes and 
spadng of the breast-pieces and braces, if figured on this basis, will in general 
exceed the sizes constantly used with success and safety in such work. The 
probable reason for this is that an earth bank, when steadied and in part sup¬ 
ported by the sheeting, does not, for a considerable time, lose the cohesion 
between its partides natural to most earth banks in their original and undis¬ 
turbed state. Or, in other words, under these conditions no real angle of 
friction is developed in the earth-mass. Local experience and practice 
should be consulted and will generally serve as a guide. Earth banks appar¬ 
ently similar will, however, act very differently and no general rule can be 
given. It should be borne in mind that the earth composing a bank should 
be, as far as possible, protected from jar, from the action of water and from 
alternating freezing and thawing; and that permanent work should be com¬ 
pleted as rapidly as possible so as to avoid the deteriorating effects of time 
and exposure on the structure of the bank. 

The Thickness of the Sheeting Planks required may be calculated on the 
assumption that the earth bank is composed of loose material having a definite 
angle of slope and coefficient of friction; but practically, under favor¬ 
able conditions, 2-in planks may be used for a depth of drive of 16 ft, 3 in 
planks up to 24 ft and 4-in planks up to 32 ft; and timbers, 8 by 11 in, have 
been driven in favorable material to a depth of over 40 ft. 

Depths and Numbers of Drives. Ordinarily the depth to which a plank 
can be driven is limited by its ability to resist the shock due to driving, and in 
unfavorable material a plank may become shattered before it is driven to the 
above-quoted depths. If the required depth cannot be reached by the first 
planks or drive, a second, and sometimes a third and fourth set of planks are 
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employed. As the breast-pieces supporting the first line of planks must 
remain in place, the planks in the second set or drive have to be placed inside 
of the breast-pieces, thus reducing the size of the excavation by the amount 
of the necessary offset. Where more than one drive is required the first drive 
should be started at a sufficient distance outside to allow the planks forming 
the second or the second and third drives to be placed outside of the required 
area for the bottom of the excavation. 

Cutting and Fitting Sheeting Planks. The sheeting planks may be 
square-edged where there is no water or fine loose sand, but where water 
or running sand is to be excluded the planks should be tongued and grooved, 
or splined. The use of tongued and grooved planks has the additional advan¬ 
tage that the planks are more readily kept in line. It is usual to cut the 



Fig. 33 Small Power-hammer Fig. 34. Large-size Power-ham- 

for Driving Sheeting Planks mer and Sheeting Planks 

bottom edge of each plank on a slight angle, so that in driving it is wedged 
against the preceding plank. The top of each plank may be fitted to receive 
an iron driving-cap; or, if this is not used, the upper corners of the plank 
should be cut off so that the effect of the blows will be concentrated along its 
vertical axis, and the tendency of the plank to split, due to a blow on one 
comer, thus diminished. 

The Means Employed for Driving the Sheeting vary with the depth and 
the size of the sheeting. For small jobs and for moderate depths of drive, 
the primitive method of driving by hand with ringed wooden mauls still 
prevails. For work involving a considerable amount of driving, and in all 
cases for long drives, power-hammers driven either by steam or compressed 
air are preferably employed. A small-sized power-hammer (Fig. 33) resem- 
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ble9 a steam-drill and may be handled by two or three men without any 
special lifting-appliances. The larger sizes of power-hammers (Figs. 34 and 
35) are practically small, power, pile-driving hammers arranged with a special 
driving-head to fit the sheeting employed. Such hammers are handled by 
derricks or are carried in a frame similar to a pile-driver frame. Ordinary 
drop-hammers are sometimes used, but are not as advantageous as the recip- 



Fig. 35. Large-size Power- 
hammer for Driving Sheet¬ 
ing Planks 


rocating power-hammers, as the blow struck by 
the drop-hammer shatters the plank, while the 
frequent light blows of the power-hammer tend 
to keep the planks and the adjacent material in 
motion and accomplish the required work with 
less damage to the sheet-piling. The weights 
and dimensions of several types of pile-driving 
hammers are given in Table XI. 

The submarine pile-hammer, or a hammer 
which can drive piles under water, has recently 
come into use. The exhaust of the hammer is 
brought to the surface through a hose. The 
motive power may be either steam or'compressed 
air. Considerable economy and advantage can 
be exercised through the use of the submarine 
hammer, a few of these advantages are: 

(1) Shorter piles can be used. 

(2) The wastage due to cut-off is reduced. 

(3) The use of followers is avoided. 

(4) Driving is not affected by rise and fa’ o 

tide. 

(5; The work of underwater cutting to bring 
pile heads to proper level is reduced. 

Manner of Driving Sheeting Piles. In prac¬ 
tice, a shallow excavation is first made to the 
proper line for the outside of the sheeting planks. 
The top breast-timber is temporarily secured 
in place and the lower end of the planks placed 
between this timber and the bank. If the 
planks are long, temporary top guides or stay- 
braces are arranged so as to keep the planks 
vertical until they have been driven well into the 
ground and guided by the permanent breast- 
pieces. . The planks are then driven as the 
excavation progresses, each plank being driven a 


few inches in turn. As the driving goes on the 
material under the lower edge of the planks is loosened with a shovel or 
with a crowbar, the operation being so conducted that the planks are held 
true to line. The horizontal breast-timbers and their braces are placed in 
position as the excavation progresses. If inclined braces are to be used the 
excavation in the center is taken out first, leaving a sloping bank against the 
side9 of the excavation. This permits of the placing of the inclined braces 
and of the heels for their points of support before there is any danger to the 
bank. After the first breast-piece and its inclined brace are set in place, the 
second and subsequent breast-pieces and braces are put in as the excavation 
proceeds* 
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Sheet-Piling for Excavations Below Water-Level. These excavations may 
be made by the sheet-piling method if there is not too much water and if 
water can be drained out of the material without inducing a flow of sand or 
clay below the bottom of the sheet-piling. In some cases, where unfavorable 
conditions exist, but where there is an underlying stratum of impervious 
material, it is possible to drive the sheeting in advance of the excavation, so 
that the bottom of the sheeting makes a tight joint with the impervious 
stratum, cutting off the flow of water and material. Where a considerable 
amount of water finds its way into the excavation, the water must be led to a 
sump or depression from which it is ejected by means of a pump or a steam- 
syphon. Where the foundation-bed is below water-level and the material is 
sand, clay, or other material which would be softened by the action of the 
water, it should be protected by having the sump at a considerable distance 
from the area to be used for the support of the footing. This may be accom¬ 
plished by making the area to be sheeted and excavated large enough to accom¬ 
modate the sump outside of the supporting area, or by sinking a separate 
excavation to be used exclusively as a sump; or the same result may in some 
cases be accomplished by the use of wf.ll-points, driven to a point below the 
level of the footing in which continued pumping may reduce the level of the 
water to a point below the footing. Care also should be taken, when the level 
for the footing is reached, to prevent the foundation-bed from being disturbed 
and softened by unnecessary tramping of workmen over the surface of the 
excavation. 

The foundation-bed should be left as nearly as possible in its original or 
natural condition. 

Well-Point System of Drainage. The principle of draining water from the 
ground by the use of a pipe with an opening near the lower end, protected by 
a screen, was used in the early days of the development of the Mid-West as 
a means of water-supply. Recently this principle has been used in lowering 
the level of the ground water to facilitate construction. A pipe is fitted with 
a jetting point and a perforated section at one end. The jetting point per¬ 
mits driving the pipe into the ground to the desired elevation. The perfor¬ 
ated section generally has in addition a fine mesh covering which acts as a 
filter to draw the water and not fine materials. A series of these pipes are 
sunk around the periphery of the area in which the water-level is to be low¬ 
ered. These are then connected to a header pipe and a pump. The success 
of this method is dependent on the stratification and the percolability of the 
soil as these control the hydraulic gradient that can be artificially produced. 
It has been found that a properly designed well-point system can economically 
lower the water-level 15 to 20 ft in favorable material by means of a single 
stage or set of pipes. For greater depths, multi-stages or additional sets of 
well-points must be installed. The effect on the water-level by these addi¬ 
tional stages is, however, considerably less than that of the initial stage. 
The well-point system was successfully used during the recent installation of 
the foundations and basement construction of the Western Union Building 
in New York City, the water-level being reduced 30 ft. This was largely due 
to the character of sand encountered, it being rather fine, and therefore the 
water could be maintained at a steep gradient. 

Steel Sheeting has been largely employed recently in place of wooden 
sheeting. It has the advantage that it can be driven in advance of the excava¬ 
tion, thereby reducing the likelihood of any flow of material under the sheet¬ 
ing. It also has the advantages of affording greater strength for a given 
thickness of sheeting, of being driven to a greater depth, and in many cases 



Table XI. Weights and Dimensions of Pile-Driving Hammers 


208 


Foundations 


[Chap. 2 


asoq jo azig ,g 




a;mnnx jad iiv 35 
aazj *jre ‘passajdmoQ g 


•OOlOtlOo tdl V3. %CH* MM 

QOOOQ*OQ «0 

OO'O'OON'S'i 1 

O N m H 


pajuibaj jaMOd 
-asjoq japoq-maaig 


ojnTnm 
jad saqojjg 


oy[Oi\$ A 


jajainaia .S 


' 1 'OC'N'OlO^^NN 


qjdaa .S 


X^S**:*:* * 


WIA .S 


£ £ * 


^!®H .S 




JJBd „ 
SaiqiJ** jo *q3?d^i - 


jqSfdM aSvjaAy £ 


I CN rO ^ »0 O 00 Ov 


























McKieman-Terry Pile-Hammers 
Manufactured by McKiernan-Terry Drill Co , New York, N Y 
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Table XII. Steel Sheet Piling 
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Lackawanna Steel Sheet Piling 
Manufactured by Bethlehem Steel Co. 





J & L Steel Piling 

Manufactured by Jones & Laughlm Steel Corp 



5.18 3 50 

6.53 4 75 

8.19 6 77 

13 80 10 35 


Larssen Sheet Piling 

Manufactured by Vereinigte Stahlwerke A. G. Dortmunder Union, 
Dortmund, Germ 



* Interlocked. f Not available 
Wemlinger corrugated steel sheet piling 



Depth of 
Corruga¬ 
tions, in 

Length in 
feet 

Thickness 
of clips, 
in 

Approx, 
weight per 
lin ft or 
sq ft, lb 

Section 
mod. per 
single sec¬ 
tion, in * 

W 

8-16 

8-16 

— 

9.0 

8 75 

1.06 

0.97 

m 

8-10-12 

M 

7 50 

0.87 



































































































Art. 30] 


Methods of Excavating for Foundations 


211 


of being withdrawn and used over again. As generally manufactured, it has 
the further advantage of being interlocking, so that there is less danger of 
its getting out of line and leaving openings between adjacent pieces. 

All of these advantages have been considered by engineers in using steel 
instead of wooden sheeting. 

The Use of Steel Sheeting. The fundamental idea of steel sheeting is not 
new, as cast-iron sheet-piling was used in England as far back as 1822 and 
various combinations of steel plates have been used in coffer-dams. The 
general use of steel sheeting started in this country in 1899 when Luther P. 
Friestedt drove experimental interlocking channel-bar sections. Since 
that time it has come into general use, and with its aid many excavations have 
been made with steel sheet-piling which would have been impracticable 
with timber sheeting. 

Earth-Pressure on Steel Sheeting. In using steel sheeting, it should 
be borne in mind that the earth-pressure coming on the steel sheeting is the 
same as the earth-pressure coming on timber sheeting, and the breast-pieces 
and braces should be as strong as in the case of timber sheeting. Certain 
forms or sections of steel sheeting offer considerable resistance to bending due 
to the lateral earth-pressure. With such forms the horizontal breast-pieces 
may be spaced farther apart than with ordinary timber sheeting or steel 
sheeting not having this property; but the strength of the breast-pieces and 
of their braces must be sufficient to take up the entire load coming on the 
sheeting, irrespective of the spacing between such breast-pieces, for in case 
there is a failure in these the entire sheeting will fail. 

Different Forms of Steel Sheeting. Various types of steel sheeting are 
on the market. In making a selection between different forms of sheeting. 



Straight-Web Section No. SP8a 



Fig. 36. Lackawanna Steel Sheet Piling 
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the character of the material to be encountered should be borne in mind, as 
the simpler, straight, heavy web sheeting will penetrate hard and gravelly 
soils with less danger of deformation than the arch or deep arch lighter web 
sheeting. The various manufacturers of sheet-piling publish catalogues 



' *<& 14.23mm. . 

Arched-Web Section 



Arched-Web Section No.<AEU 



Fig. 36 (Continued). Lackawanna Steel Sheet Piling 

containing complete data as to weights and dimensions of the different sec¬ 
tions. These catalogues may be obtained from the manufacturer, but for 
convenience illustrations and some data of the principal sections are given 
in the following pages. 
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The Poling-Board or Chicago Method is a special method of excavation 

in general use in Chicago and in occasional use elsewhere for excavations 
which go to a great depth in clay or in other suitable material. It has the 



Fir 37. Carnegie Steel Sheet Piling 


advantage over the ordinary sheet-piling method that the lining of the exca¬ 
vation is not driven. The method is not generally used for trenches or for 
square excavations, as a circular excavation is more readily handled. The 
success of the method depends entirely upon the character of the material 



1 ft A ♦ 

Fig. 38. Jones & Laughlin Steel Piling Sections 


to be encountered, as the excavation is first made and the sides of the excava¬ 
tion afterwards supported. The method in detail for a circular excavation 
for a pier-foundation may be described as follows: 

(1) A circular excavation slightly in excess of the size required for the pier 
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is carried down to a depth of 5 ft, great care being taken to have the sides of 

the excavation vertical and true to 
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the circle. 

(2) Vertical planks called lagging- 
pieces, 5 ft in length and slightly 
beveled on their edges so that each 
piece may be considered as a stave 
with radial joints corresponding to 
the size of the required circle, are 
set in place against the walls of the 
excavation. These planks are held 
in place by two or more steel rings, 
generally made in quadrants, so that 
they may be conveniently handled 
and bolted together. The planks 
are wedged firmly against the walls 
of the excavation by means of wooden 
wedges driven between the planks 
and the iron rings 

(3) As soon as the first set of 
lagging is complete, the excavation 
is carried down for another section, 
5 ft in depth, and another section of 
lagging is put in place and secured 
in the same manner. 

Depth and Character of Excava¬ 
tions in Poling-Board Method. In 

the manner described above the ex¬ 
cavation may be carried down in¬ 
definitely, a depth of 100 ft having 
frequently been attained. In the 
case of the Cleveland Union Pas¬ 
senger Terminal, piers were carried 
by this method to rock at a depth 
of 243 ft below street-level, or 205 ft 
below sub-grade for the station 
tracks In many cases the bottom 
of the excavation is bllleo oi t t to 
a larger diameter than the excavation 
for the main shaft of the pier with 
the object of reducing the load on 
the foundation-bed to a unit load 
less than the safe unit load on the 
main shaft of the pier. This method 
is not adapted for running sand nor 
for clay that is not solid enough to 
stand with vertical sides during the 
necessary interval between making 
the excavation and placing the 
lagging. In some cases where a 
stratum of quicksand has been en¬ 
countered, the excavation has been 
carried past it by the use of a cylin- 
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drical shell of steel, forced by jacks through it to an underlying impervious 
layer of clay; but in general this method is dependent for its success upon 
a continuous body of impervious material. 

The Open-Caisson Method or Well-Curb Method is used for piers to be 
carried to a considerable depth, and has advantages over the sheet-piling 
method in certain materials. It is a development of the old method used in 
sinking masonry wells and, in its modern form, consists of a structure which 
eventually forms part of the pier itself and which is arranged with an open 
chamber at its base in which men may excavate the material under the struc¬ 
ture and allow it to settle as the excavation proceeds. It is evident that a 
central opening or shaft must be left in the structure to permit of the passage 
of men and material. 

Details of the Open-Caisson Method. In detail, the method may be de¬ 
scribed as follows: First a curb or cutting-edge of timber or steel, follow- 



Fig. 40. Wemlinger Corrugated Steel Sheet Piling 

ing the outline of the pier, is constructed on the surface of the ground. The 
outer face of this curb is generally vertical and is protected with a steel plate 
which extends below the main section of the curb, so as to form a cutting- 
edge or sharp downward projection serving to penetrate the soil slightly in 
advance of the excavation. On this curb a wall of timber, concrete, or 
masonry is constructed, inside of which the so-called working-chamber 
affords room for the workmen to be employed in excavating. Above the 
working-chamber the walls may continue to a height corresponding to the 
required height of the pier, leaving the central space to be filled in after the 
required depth is reached; or a roof may be built over the working-chamber 
and the entire cross-section of the pier filled with concrete or masonry except¬ 
ing only a small central opening large enough to accommodate a hoist¬ 
ing-tub or bucket and to permit of the ingress and egress of the men em¬ 
ployed in sinking the construction. In practice, the excavation is started 
before the pier-structure is carried up to its final height, after which the 
excavation and the building up of the pier progresses simultaneously, the 
constantly increasing weight of the structure aiding the sinking of the pier. 
When the excavation has reached rock or a firm substratum, further excava¬ 
tion is stopped and the working-chamber and the central opening are packed 
full of concrete, leaving finally a complete pier-structure extending from the 
rock to the proper level to receive the steel grillage or other construction com¬ 
ing on the pier. 

Advantages of the Open-Caisson Method. This method of construction 
has the advantages that the workmen at all times are protected, that obstruc¬ 
tions, such as boulders or logs, may be removed from under the cutting-edge, 
and that when rock is encountered, ample opportunity is afforded for the 
proper preparation of the rock-surface to receive the final concrete filling. 
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If a moderate amount of water is encountered, not accompanied by a flow of 
material, it can generally be taken care of by means of pumps. 

Dredged Wells are similar to the open caissons described in the previous 
paragraphs and are used where large quantities of water are encountered. 
The construction of the piers is similar to that of the piers used in the open- 
caisson method; but the central shaft and working-chamber are designed to 
permit of the use of a clam-shell dredge or other form of dredge, and the 
water is allowed to rise to its natural level in the working-chamber and shaft. 
This method can be used to advantage when a considerable amount of water¬ 
bearing sand or other material is found overlying level rock or other firm 
foundation-bed. When the dredging and the sinking of the pier-structure 
have been carried down to the hard underlying strata it is sometimes possible 
to pump out the water. If this is not practicable the bottom may be pre¬ 
pared by divers for the reception of the concrete filling, and the concrete may 
be deposited through water, care being taken to use some special arrangement 
to protect the concrete from being injured by loss of its cement-content, in 
the process of deposition. 

The Well-Digger’s Method is also occasionally used in making pit-excava¬ 
tions under walls or in cramped locations. By this method the sides of the 
excavation are supported by planks placed horizontally. The method of 
placing the planks is as follows: A shallow excavation, the depth of a plank, 
is made by ordinary methods, and a SET, consisting of four planks fitting the 
four sides of the excavation, is secured in place. Before proceeding with the 
general excavation of the pit a trench is dug directly alongside and underneath 
one of the side planks of the first set. As soon as this trench is deep enough 
to accommodate the planks for the second set, the side of the trench under 
the plank already in place is cut to a vertical face, the plank placed in position 
and the loose earth temporarily back-filled against it. As soon as the four 
planks forming the second set have been put in place by this method, the 
two side planks are wedged against the bank, the end-planks being used as 
struts The end-planks are wedged into position and nailed or cleated to the 
side planks, forming a pressure-resisting frame supporting the side of the 
excavation. A continuation of this method enables the excavation to be 
carried on indefinitely, provided there is no flow of water or run of material 
causing an inflow of material into the excavation. 

The Pneumatic-Caisson Method. Where piers or foundation walls have 
to be carried to a considerable depth through water-bearing materials, and 
especially where large bodies of quicksand are encountered, the pneumatic- 
caisson method must be resorted to. This method is based upon the prin¬ 
ciple of A diving-bell and may be briefly described as follows: The con¬ 
struction of the pier is similar to the piers previously described as used in the 
open-caisson and dredged-well construction, except that the working-chamber 
and shaft are made air-tight and connected with a device called an air-lock, 
so that compressed air may be introduced into the working-chamber. The 
object of the compressed air is to prevent water entering into the working- 
chamber. This is accomplished in accordance with the well-known princi¬ 
ple of the diving-bell by having the compressed air constantly kept at a 
pressure which will counterbalance the water-pressure at the level of the 
cutting-edge of the working-chamber. The pressure of the air evidently 
must vary with the depth of the cutting-edge below water-level. A column 
of water 1 in square in cross-section weighs A3)4 lb per vertical ft, and it 
will therefore be counterbalanced by an air-pressure of .43 lb per sq in over 
the normal air-pressure. If the column of water is 30 ft in height! it will 
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weigh thirty times .43 lb, or will be counterbalanced by an air-pressure of 
13 fb per sq in above the atmospheric pressure. 

The Maximum Air-Pressure iu the Pneumatic Caisson in which men can 
work for short periods is about 50 lb per sq in above atmospheric pressure, 
corresponding to a depth below water-level of about 115 ft. At this depth 
the work is carried on in shifts of one-half hour duration. Great care must 
be exercised in decompressing from the high air-pressures to atmospheric, 
as the physiological effects of compressed air are often very serious. Bends, 
or caisson-disease, causes severe pains in the joints, may injure the ear¬ 
drums and result in deafness, so that working under high pressure is extremely 
hazardous. 

Table XIII gives working and decompression periods as required by the 
New York State Labor Laws as of August 1, 1929. The working period or 
shift is the time under pressure and does not include the time in entering or 
leaving the working chambers. The maximum pressure reached at any time 
during the shift is the governing factor in the number of working hours. The 
"‘sand-hogs” must be examined by physicians at regular intervals. 

Table Xm. Working and Decompression Periods Required by 
New York State Labor Laws 


Shifts and intervals of work for each 24-hour period 


Air pressure in 
pounds 

Working periods 
per day 

Minimum rest 
intervals in open 
air, hours 

Payment rate 
per day, 

Oct., 1929 

0-18 

2-4-hr shifts 


12.00 

18-26 

2-3-hr shifts 

1 

12.50 

26-33 

2-2-hr shifts 

2 

13 00 

33-38 

2-lj^-hr shifts 

3 

13 50 

38-43 

2-1-hr shifts 

4 

14.00 

43-48 

2-Ji-hr shifts 

5 

14 50 

48-50 

2-M-hr shifts 

6 

15.00 

Decompression periods 

Air pressure in 


Minimum nura- 


pounds 


ber of minutes 


0-10 


1 


10-15 


2 


■K ;r finSBE 


5 


1 


10 




12 


30-36 


15 


36-40 


20 


40-50 


25 



In sinking a bridge pier at Vicksburg, Miss., the pressure reached 54 pounds. 
The men worked two 25-minute shifts and the decompression period was 
1 minute per lb of pressure. No cases of bends were reported. 

The Air-Lock Used in Connection with the Pneumatic Caisson is a device 
for the purpose of retaining the air in the caisson and at the same time per* 
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mitring the passage of men and material in and out. It consists essentially 
of a metallic air-tight chamber or shell connected to the working-chamber 
either directly or to an air-tight lining or extension of the central shaft¬ 
opening. This air-chamber has two doors, one at the bottom, opening down¬ 
ward into the shaft, and the other in the upper head of the air-lock chamber, 
also opening downward and affording a direct connection to the open air. In 
the operation of an air-lock one of these two doors must at all times be closed 
so as to prevent the free escape of air through the air-lock. If the bottom 
door is closed, it will be held firmly to its seat by the uplift of the compressed 
air in the shaft, which is at all time9 in direct communication with the work¬ 
ing-chamber. If, under these conditions, the upper door is open, the interior 
of the air-lock will be in direct communication with the open air and the air 
contained in the lock will evidently be at atmospheric pressure. Workmen 
and materials may then enter the air-lock. In order to pass into the shaft 
and working-chamber, it is necessary, first, to dose the upper door, and 
secondly, to shift the so-called equalizing valve and admit compressed air 
into the space between the two doors, until the air-pressure is brought up to 
the air-pressure in the working-chamber and shaft. Pressure on the upper 
side of the lower door will then equal the pressure on the lower side and the 
lower door may be opened, the upper door being firmly held against its seat by 
the compressed air in the air-lock. As soon as the lower door opens, the men 
and material may be passed into the shaft and working-chamber. In coming 
out the operations are reversed; men and material enter the air-lock through 
the open lower door, the lower door is closed and held tightly against its seat, 
and the equalizing valve is shifted, affording a connection between the interior 
of the air-lock and the external air. The compressed air escapes through 
the equalizing valve, reducing the pressure in the air-lock to atmospheric 
pressure, and the upper door has atmospheric pressure on both sides of it. 
It may then be opened, giving free connection with the outside air. 

The Design of Pneumatic Caissons. The first consideration is, of course, 
to have the final structure a permanent and sufficient pier to carry the load 
to be imposed upon it. To this end the cross-section of the pier at all points 
from top to bottom should be capable of carrying safely the maximum load. 
As the cross-section of the pier is generally, in the finished pier, composed of 
solid concrete, the cross-section will be determined by the allowable load on 
the concrete. For piers the cross-section will generally be square or circular; 
for walls the caisson will generally be not less than 6 ft in width, as it is diffi¬ 
cult to sink caissons having a width less than 6 ft. If the caisson is to be 
carried to solid rock, the bearing on the rock need be no larger than the cross- 
section of the concrete pier; but if the excavation does not go to rock, it is 
frequently desirable to bell out the base of the pier so as to reduce the load¬ 
ing on the foundation-bed to a unit load less than that allowable on concrete. 
The operation of belling out is difficult in some materials; in a compact 
material it can be generally accomplished without serious difficulty. 

Piers Sunk by the Pneumatic-Caisson Method may be constructed of vari¬ 
ous combinations of materials. The side walls and roof of the working- 
chamber were formerly frequently constructed of timber. In many cases 
they are now formed of steel; but in recent designs the working-chamber is 
generally formed of reinforced concrete, the only structural steel used being 
an angle or a plate and angle composing the cutting-edge. The outside of 
the caisson is preferably made vertical. The superimposed pier is generally 
of the same size as the working-chamber, at least it is generally so in piers 
gunk for buildings. 
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A Typical Design for a Caisson Built of Reinforced Concrete is given in 
Fig. 41, in which AB is the angle-iron and plate forming the so-called cutting- 
edge and C is the working-chamber formed by the side walls DE and DE 
and by the roof EE. The concrete side walls are reinforced with steel rods 
attached to the cutting-edge, and extending upward into the body of the pier, 
and the roof and body of the pier are reinforced to take care of stresses due 
to construction and sinking. In building up the working-chamber, the 
interior forms are arranged 


so as to support the concrete 
which makes the roof. These 
are subsequently removed. 
The exterior forms may con¬ 
stitute a permanent part of 
the structure, in which case 
they are called a cofferdam, 
or they may be removed as 
soon as the concrete has 
sufficiently set. At the center 
of the pier an opening is left 
to serve as the shaft or 
opening connecting the work¬ 
ing-chamber with the air¬ 
lock. The sides of this open¬ 
ing or of the upper part of 
it, only, are lined with an 
air-tight steel shell. To 
the upper end of the steel 
shell the air-lock is connected. 
If the height of the pier does 
not exceed 40 ft the con¬ 
struction of it may be com¬ 
pleted before the excavation 
is commenced. Generally, 
however, the construction of 
the pier is stopped as soon as 
the working-chamber and 
from 5 to 10 ft of the super¬ 
imposed pier has been con¬ 
structed; then sufficient ex¬ 
cavation is done, without 



the use of compressed air. Fig. 41. Typical Form of Reinforced-concrete 
to carry the cutting-edge Caisson 

down to water-level. This 


is called ditching the caisson and is done so that the caisson will have 


some slight lateral support from the soil before the construction is carried 
up high enough to make it top-heavy. When the entire pier or the first 
section is finished, excavation is resumed and the whole structure is sunk as 
the excavation progresses, care being taken to remove any obstruction 
from beneath the cutting-edge. During the progress of sinking compressed 
air is conducted to the working-chamber through the supply-pipe G, the 
excavated material being hoisted through the shaft F. The shaft F is fitted 
with a ladder for the use of the workmen. 


Details of Caisson-Sinking and Filling. In sinking the caisson and super¬ 
imposed pier, care must be taken to maintain it in a vertical position. This 
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end may be accomplished in large caissons by means of the excavation itself. 
In case one side of the caisson is high the excavation on that side will be car¬ 
ried somewhat in advance of the excavation on the low side, and the material 
under the cutting-edge of the high side will be removed while a bank of mate¬ 
rial is kept under the cutting-edge of the low side. These methods, however, 
are of little avail when the caisson is narrow. In such cases that part of the 
caisson which is above ground is held in position by guides or other devices; 
but it frequently happens that the caisson in its final condition is considerably 
out of its correct location and considerably out of plumb. In general, there¬ 
fore, the size of the caisson should be made larger than the minimum size 
necessary, in order to allow for errors in its final location. When the caisson 
has reached the required depth the foundation-bed is prepared for the recep¬ 
tion of the concrete filling and the working-chamber filled with it, care being 
taken that it completely fills all voids and is in perfect contact with the roof. 
Finally, the air-lock and the steel lining of the shaft are removed and the 
shaft-opening filled with concrete to the proper level to receive the grillage 
or other construction forming the base of the column which is to rest on the 
caisson. 

The Height of Caisson-Piers. The height of a pier cannot be exactly 
fixed until it is known to what depth the caisson must sink in order to reach 
the foundation-bed. If the rock is found at a greater depth than anticipated, 
additional height is added to the top of the pier after the caisson is in its final 
position; but if, on the other hand, the rock is found unexpectedly high, the 
top of the pier will have to be cut off. If the finished elevation of the pier is 
to be below the level of the general excavation, it is usual to extend the exte¬ 
rior surface of the pier to the required height by means of a temporary cham¬ 
ber-structure called a coffer-dam, the height of which corresponds to the 
depth of the finished surface below the level of the general excavation. In¬ 
side of this Coffer-dam some steel grillages may conveniently be set. 

Coffer-Dam Wall Construction by Pneumatic Caissons. A coffer-dam 
wall around the perimeter of the lot is constructed by the sinking and scaling 
to rock or other bearing strata of a series of pneumatically constructed cais¬ 
sons. Adjacent caissons are not sunk simultaneously as this procedure 
involves the danger of a “blow-out” and loss of air. One caisson being lower 
than the other and therefore using a higher pressure, the air from the lower 
caisson may flow through the sand and gravel to the working-chamber of the 
other. The danger is not only the sudden loss of air, but a loss of material 
which may cause a bad lean to the caisson itself or the heaving of materials 
in the working-chambers, thereby making it doubly hazardous for the labor¬ 
ers. Caissons which are to form a coffer-dam are usually spaced approxi¬ 
mately 1 ft 6 in to 2 ft apart. The ends of the caissons have keys formed as 
shown in Fig. 42. Assuming that two adjacent caissons are sunk in place, 
the first step in the joint construction is the driving of steel sheeting on each 
side of the caissons, 10 or 12 ft below the top of the same. This space is then 
excavated to, or somewhat below, water-level. The external forms of the 
caissons are stripped, as far as possible. A pony shaft is placed between the 
caissons, and the balance of the space between the two caissons is filled with 
concrete. An air-lock is attached to the pony shaft and compressed air is 
applied. One or two men only can work in these joints. They proceed by 
excavating 3 or 4 ft and building a form between the caissons. After ex¬ 
cavating, they place a second form and construct a small concrete wall on 
each side; and thus line the shaft as the excavation proceeds. Finally rock 
is reached and cleaned, after which the shaft is sealed and concreted to its 
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proper elevation. When all the joints between the caissons have been com¬ 
pleted, the coffer-dam wall is complete and the excavation within the coffer¬ 
dam may proceed to its desired elevation. 

Coffer-Dam Wall of the Federal Reserve Bank of New York. Fig. 43 
illustrates a cross-section through the coffer-dam wall of the Federal Reserve 
Bank of New York. In most cases the rock-level was very close to the antici¬ 
pated elevation. In this particular case the caisson straddled a rock 
pocket, that is to say, at each end of the caisson, the rock was encountered 


D, 



SECTION C-0 

Fig. 42. Coffer-Dam Wall Construction by Pneumatic Caissons 


very near the anticipated elevation, from which points the rock surface 
pitched downward at a very steep angle toward the center. It was therefore 
necessary, in order to reach hard rock, to underpin the cutting edges in 
stages as shown. Upon the completion of this underpinning, which was 
hazardous on account of the high air-pressure, the thinness of the underpin¬ 
ning walls and the lack of lateral stiffness, the deepened working-chamber was 
sealed and concreted under air. The shaft was then concreted, completing 
the caisson. 

Coffer-Dam Wall Construction by Open-Trench Methods. Under certain 
conditions coffer-dams to rock below water-level can be constructed by the 
open-trench method, dependent, however, upon the character of the mate- 
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rial overlying the rock. A double line of steel sheeting is driven, creating 
walls for a trench. Tee connections are placed at regular intervals so as to 
subdivide the trench into rectangular boxes. Excavation, caulking and 
bracing of the sheeting proceeds in alternate boxes until rock is reached, after 
which either the whole trench is filled with concrete and necessary steel or, 
for a thinner wall, a form is placed for the inside face of the wall and the space 
between it and the outer sheeting is then concreted. The success of this 

method is dependent 
on many factors, but 
primarily on being able 
to drive the sheeting, 
without breaking the 
connections between 
sheets at any point, to 
a water-tight seal. There 
are many hazards in the 
use of this method, for 
example, the unexpected 
presence of boulders 
preventing the driving 
of the sheeting, or of a 
water-bearing strata 
below the strata on 
which the sheeting has 
landed, as well as any 
failure in the water¬ 
tightness and the brac¬ 
ing of the sheeting. It 
is generally possible to 
. convert an open-trench 

atiou of . . , 

of beam box into a PNEUMATIC 

chamber by placing a 
-built is deck, fitted with shafts 

do and air-locks. The 

details, methods and 
dangers of this are too 
numerous to be dis¬ 
cussed in this chapter. 
This open-trench 
method has been highly 
developed and has 
Fig. 43. Coffer-Dam Wall of the Federal Reserve Bank of proved very successful. 

New York It has recently been 

used where 10, 15 or 

25 years ago pneumatic caissons would have been deemed necessary. 

Temporary and Permanent Cross-Lot Bracing. Permanent coffer-dam 
walls are usually not designed to act as gravity sections or as cantilevers to 
resist overturning. It is therefore necessary to support these walls tempora¬ 
rily by timber or steel struts, installed progressively as the excavation is 
made, and to maintain them until the permanent structural floors of the 
building are in place which can then support these walls. 

If the excavation within the coffer-dam is relatively shallow, spur-brac- 
ING, or diagonal timbers bearing on dead men or cribs at the subgrade level, 
may be very effectively used. 
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When the excavation is to be carried to a considerable depth within the 
coffer-dam, spur-bracing usually cannot be used. Spurs placed at the 
proper angle would become of such a length that their effectiveness would be 
greatly reduced and difficulty of their maintenance very much increased, and 
they would become a hindrance to the installation of the permanent con¬ 
struction. To overcome these difficulties, cross-lot bracing, that is, con¬ 
tinuous horizontal struts from one side to the other of the coffer-dam, is 
used. See Fig. 44. These struts may be of timber or of steel sections or a 
combination of both may be used. The struts are designed as horizontal 
columns of sufficient strength to support the walls and should be so arranged 



Fig. 44. Temporary and Permanent Cross-Lot Bracing 

as not to hinder other construction. After installation, the timber must 
be carefully watched and properly stressed by wedging so as not to allow 
any movements in the walls. 

The Freezing Process for Excavations. This method has sometimes 
been employed in making excavations. In this country its use has been 
limited to one or two mining-shafts, but in Germany it has been resorted to 
in making excavations for building-foundations. The method consists in 
driving steel pipes into the ground. These pipes are closed at the bottom and 
at the top are connected to smaller pipes through which brine, at an extremely 
low temperature, is made to circulate. The refrigerating effect results in 
freezing the water contained in the soil, converting quicksand to a frozen 
mass resembling soft sandstone. When the freezing has progressed suffi¬ 
ciently to form a solid wall or coffer-dam around the excavation, the material 
inside the frozen wall may be excavated. The method has the advantage, 
theoretically, of being applicable to excavations of any depth. There are 
many precautions necessary, and for the present, at any rate, it should only 
be considered as a possibility. 
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Compressol System. In sand piles, the sand is placed in an open-ended 
pipe or similar arrangement which can be forced down into a compressible 
material. The sand is then rammed or forced by means of jacks out of the 
pipe into the surrounding materials for the purpose of compressing and stiff¬ 
ening the same. Under the name Compressol, the French have employed, 
in certain silts and similar soils, a pier of sand, gravel, or lean concrete which 
is poured into a pit formed in the material by repeated blows from a heavy 
steel weight. The mass of metal used is shaped like an ordinary top or 
plumb-bob. Under favorable conditions this is a logical method, but so far 
as the writer knows, it has not been used in the United States. 

31. Protection of Adjoining Structures 

General Considerations. The common law provides that any person mak¬ 
ing an excavation is responsible for resulting damage to adjoining property. 
Statute laws as embodied in the building codes of different cities may 
modify or limit this responsibility, but, in general, excavations should be made 
in such a manner as to cause the least possible damage to surrounding prop¬ 
erty. Where there are no adjoining structures it is generally sufficient to 
slope the sides of the excavation so as to prevent the sliding of material into 
the excavation, or, at least, to sheet-pile and brace the sides of the excavation; 
but where the excavation is to be made alongside of an existing structure, and 
carried below the footings of such structure, it is necessary to take special 
measures for its protection. Such work is described as shoring, underpin¬ 
ning and protecting adjoining structures, and may involve the carrying 
of the weight of part or all of the buildings on temporary supports, the re¬ 
moval of the old footings and the construction of new footings at lower 
elevations. 

Shoring. When the excavation for the new building does not go much 
below the adjoining footings and when the material is fairly solid, it may 
suffice to transfer a portion of the load of the wall to temporary footings. 
This may be accomplished by means of heavy inclined posts called shores, 
arranged to act as inclined columns or struts. Each Shore consists of a 
post, the lower end of which rests on a platform, generally consisting of 
planks and timbers arranged so as to form a temporary spread footing. This 
platform should be placed at a depth which will insure that subsequent opera¬ 
tions will not undermine it. The upper end of the post fits into a hole or 
niche cut into the wall to be supported. The post itself may be a timber with 
a square cross-section, usually 12 by 12 in, and of the required length. Pro¬ 
vision is made, between the platform and the lower end of the post, for 
wedges or jacks, so that when operated their lifting effect transfers part of 
the weight of the wall from its footing to the temporary foundation or platform. 
During this operation all parts of the temporary structure are in compression 
and brought into bearing, and the material under the platform is compressed 
and solidified as much as possible. 

Kinds of Shores. If the shore is to act preferably for lifting only, it is 
kept as nearly vertical as possible and is known as a lifting shore. If it is 
to act preferably to combine a horizontal pushing action with the lifting 
action, it is placed at a considerable angle from the vertical and is then known 
as a pushing shore or steadying shore. In arranging such shores care 
should be taken to have the niche cut close to a floor-level of the building to 
be shored, as otherwise the horizontal component of the thrust of the shores 
might buckle the wall. 
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Numbers and Sizes of Shores. Where a wall is light, a number of smaller 
shores should be used in preference to a few large ones. Where a wall is high, 
two or more shores of varying lengths may be used, and these may conveni¬ 
ently be placed in the same vertical plane and rest on the same platform. 

Wedges and Screw-Jacks. In transferring the load of a wall from its own 
footing to the temporary platform, use is made of wooden or steel wedges, 
screw-jacks, or hydraulic jacks; or wedges and jacks may be used in 
combination. Wooden wedges should be made of hard wood and are gener¬ 
ally arranged in pairs, both wedges being driven at the same time. The lifting 
effect of such wooden wedges is powerful, but where a considerable settlement 
of the temporary foundation is anticipated, it is more convenient to use 
screw-jacks, as they can take up a considerable settlement. 


Materials and Types of Screw-Jacks. The screw-jacks usually manu¬ 
factured for this purpose are made of cast iron and have rough threads, with 
too coarse a pitch to have much lifting effect. Screw-jacks of a better kind 
are made of steel and have a 
machine-thread of small pitch. 

Such jacks can be obtained capa¬ 
ble of lifting weights up to 100 
tons. Figs 45 
and 46 repre¬ 
sent standard 
forms of screw- 
jacks When 
a single screw- 
jack is used 
in connection 
with a post or 
shore, a hole 
to receive the 
threaded por¬ 
tion of the 
jack is bored 

the end of the timber used for the shore, the end being squared to 


0 0 


v-7 

Fig. 45. Standard 
Type of Steel 
Screw-jack 



Fig. 46. Standard Type of Steel Screw-jack 


in 

receive the nut. Such an arrangement is called a pump and is illustrated in 
Fig. 47. When a lifting effect greater than that exerted by a single jack is re¬ 
quired, the jacks are arranged in pairs in connection with a short timber or 
cross-head. Such an arrangement is illustrated in Fig. 48. It has the 
advantage that after operating the jacks, blocking and wedges can be placed 
between the platform-timbers and the cross-head so that the post resting on 
the cross-head has a direct and solid bearing on the platform. By this method 
the load of the wall can be thrown on the platform by the jacks and after the 
blocking and wedging is in position the jacks can be removed. 

Hydraulic Jacks. Where excessively heavy loads are to be lilted, 
hydraulic jacks may be used in place of screw-jacks, but an objection to them 
is that they are liable to slack back under the load. While the load, there¬ 
fore, should not be permanently supported on hydraulic jacks, they may be 
used to take the load temporarily, while the blocking and wedging are being 
placed between the cross-head and the temporary footing. In this way an 
indefinite number of shores may be set and taken care of with a single pair of 
hydraulic jacks. 

Example of Shoring* Fig. 49 shows the method used in shoring the orna¬ 
mental front wall of a heavy building, advantage having been taken of the 
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numerous deep margin-drafts shown in the section. In order to avoid the 
necessity of cutting niches for the tops of the shores, nine hardwood blocks, 
a, a, etc., were fitted to the margin-draft grooves in the masonry. Nine simi¬ 
lar blocks, ft, ft, etc., were gained into and bolted to the vertical timber VV , 
space being left between the a blocks and the ft blocks for adjusting wedges 
w, w , etc. Three headpieces, T\, T% and T% were keyed and bolted to VV 
and transmitted to it the uplift of the three shores, Si, St and S t . Each shore 



Fig. 47. Pump, or 
Screw-jack let into 
End of Shore 



head 


had a 60-ton screw-jack at its base. Each shore is shown fitted with a pump 
or detached extension-piece arranged for the screw-jack. 

Needling. Needles or girders are employed when part or all of the weight 
of the wall has to be carried, as when the old footing is to be removed and the 
wall underpinned or carried down to a new footing at a greater depth. 

Example of Needling and Underpinning. Fig. 50 represents a typical case 
of underpinning, the several operations being as follows: 

(1) The General Excavation is carried down to within a few inches* of the 
bottom of the footing BB under the wail W. 

(2) The Pit DDDD, properly braced and protected by sheet piling, is sunk 
to approximately the level of the proposed *excavation, this pit being placed 
at a safe distance from the existing wall. In good material it may be safe to 
have this pit approach to within a few feet of the footing course of the wall, but 
in material which is liable to run it should not approach the wall closer than 
its depth. No hard and fast rule can be given, and in every case great care 
should be taken to prevent any movement of the material from under the 
adjoining footing. 
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(3) The Platforms. On the bottom of this pit-excavation, a platform FF 
is placed, generally composed of heavy timbers resting on a base of heavy 



Fig. 49. Shoring an Ornamented Wall 


planks, and acting as a support for the outer end of the needle. During the 
construction of this pit a similar pit may be dug on the inside of the wall to pro¬ 
vide for the support of the inside end of the needle; but as this involves the 
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destruction of the cellar-floor the method of procedure inside the building is 
generally different from this. If the material is solid it is sometimes sufficient 
to place the platform for the support of the inside end of the needle directly 
on the cellar-floor and at such a distance from the wall that the necessary 
excavation for the new footing will not disturb it; or the platform may be 
placed on the cellar-floor and a line of sheeting LL, properly braced, and so 
placed that the excavation can be made for the new footing. This is generally 
sufficient to prevent any serious settlement of the temporary platform for the 
inside end of the needle. 

(4) The Insertion of the Needles. Having provided a support for each 
end of the needle it only remains to cut a hole through the wall, as at A, 
Insert the needle GG, put the post and blocking MN under the outside end of 
the needle, and the blocking and jacks under the inside end. The post MN 



Fig 50. Wall-needling and Underpinning 

may be fitted with wedges as shown at K, or with one or more screw-jacks. 
The needle GG may consist of one or more heavy timbers or one or more 
steel I beams. In any case, the load to come on this needle should be figured 
and its strength made ample to safely support such load. As soon as the 
weight of the wall W is transferred to the needles and to the temporary plat¬ 
forms prepared to receive the load, that part of the wall which is below the 
needles and all of the footing may be removed and all of the excavation for 
the new footing made. 

Needling a Brick Wall. Fig. 51 shows the elevation of a brick wall sup¬ 
ported by needles. If the needles are carrying the entire weight of the wall, 
it is evident that at the level of their upper surfaces the entire weight will be 
transferred through those parts of the wall which are immediately above 
them, and that above these points the material composing the wall will corbel 
out in both directions as indicated in Fig. 51 by the heavy zigzag lines 
AAA A A. All of the wall below this line will be supported simply by cohe¬ 
sion to the part of the wall above it. An experienced man can determine the 
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location of this line by the sound given by the wall on being struck by a ham¬ 
mer. All of the wall below this line is hanging and liable to fall as soon as 
the support given by the footing is removed. The hanging parts of the 
wall may be removed or suspended by rods and chains to the needles. If 
they are not so suspended a crack will form along the line A A AAA. 

Transferring the Load to the New Underpinning. As soon as the new 
footing has been put in place and the new wall carried up ready to receive the 
old wall, provision must be made for reversing the operation, that is, for 



Fig. 51. Needling a Brick Wall 


transferring the load onto the new underpinning wall and footing. This is 
generally done by means of a number of granite blocks or plates grouted 
for bearing, set in pairs between the needles and fitted with steel wedges. 
After setting these blocks, the space between the base of the old wall and the 
top of the upper wedging block is tilled in with brickwork, the mortar in the 
last j'oint being compacted by means of pieces of slate driven in so as to 
wedge the mortar between the bricks. This brickwork should be laid up in 
Portland-cement mortar so as to reduce the time of setting. As soon as it is 
sufficiently set, the wedges are driven home so as to throw at least a portion of 
the weight of the wall on the new footing. As a result of this it frequently 
happens that this footing settles, the load being restored to the needles. 
This necessitates continued driving on the wedges until it has reached its final 
settlement, which will be evidenced by a lifting of the wall sufficient to par- 
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tially relieve the stress in the needles and by the fact that the wedges remain 
tight. 

Removal of the Needles, etc. As soon as the entire weight of the wall has 
been transferred to the footing and the footing has demonstrated that it is 
capable of supporting the weight of the wall without further settlement, all 
of the temporary work, including the needles, can be removed, the needle- 
holes bricked up and the repairs made to the cellar of the adjoining building. 

The Figure-Four Method of Needling. In certain cases it is impractical 

to employ a needle-beam 
projecting on both sides 
of the wall, as for example 
when the occupancy of 
the adjoining building is 
such as to make it im¬ 
practical to have a needle- 
beam projecting into the 
cellar space. In such 
cases the so-called figure- 
four Needle has been 
employed (Fig. 52). In 
this case the needle AB 
acts as a cantilever. 
Part of the load of the 
wall is carried by the 
inclined shore C and 
another equal or nearly 
equal part is carried by 
the needle at/*, theneedle- 
beam AB being really 
balanced on the block dd. 

Spring-Needles. Fig. 
53 shows a method fre¬ 
quently employed, known 
as the SPRING-NEEDLE 
method. In this case the 
needle engages with the 
wall to be supported and 
also with an adjoining 
wall. A temporary plat- 
Fig. 52. The Figure-four Method of Needling form is placed as close 

to the wail to be sup¬ 
ported, W t as is practicable. The uplift of the jack tending to lift the 
needle-beam acts on both walls, but on account of its being located nearer to 
the wall to be lifted, a large proportion of its effect is exerted thereon. 

Pipes or Cylinders for Underpinning are frequently used for the support 
of a wall and have many advantages, as they not only afford a support for the 
footing through the operations affecting the stability of the wall, but also form 
a permanent support. The operation in brief is as follows: A hole or niche is 
cut in the wall and footing to be supported, of sufficient size to permit the 
introduction of a section of steel pipe, in such manner that the center of the 
pipe will come below the center of the wall to be supported, the height being 
sufficient to accommodate a section of pipe and also the means employed to 
drive it. The pipe may be driven (1) by hydraulic jacks or by screw- 
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jacks, placed between the top of the pipe and the wall itself. The patented 
Breuciiauo Method and the Pretest Method use this general method in 
combination with certain patented improvements; (2) it may be driven by 
means of a power-hammer driven either by steam or compressed air; or 
(3) in some cases, where the material is fine sand or clay, the pipe may be 
jetted or the jet-method may be used in combination with either jacks or 
power-hammers. In any case the first section of pipe is driven into the 
ground and additional sections are added until the lower end of the pipe 
encounters rock or some material possessing sufficient stability to insure the 
required support. The material entering the pipe is removed by a water- 
jet or by other means and the space filled with concrete. As soon as the con¬ 
crete has set sufficiently, the pipe is capped with a %-in or 1-in steel plate on 


W 



Fig. 53. The Spring-needle Method of Underpinning 


which short steel I-beams are arranged to distribute the support of the pipe 
over a considerable part of the base of the wall to be supported. These I- 
beams correspond to the wedging blocks used in the ordinary methods before 
described. Provision is frequently made for steel wedges between the cap 
and the base of the steel beam, but it is generally found sufficient to thoroughly 
grout in the space between the base of the wall and the steel beams after the 
niche itself has been bricked up. 

Cylinders for Underpinning Very Heavy Walls. The description in the 
preceding paragraph is intended to cover the use of pipes varying in size from 
6 to 20 in in diameter, according to the loads to be carried. In the case of 
excessively heavy walls, cast-iron or steel cylinders are used in place of 
steel pipes. These cylinders are arranged in sections, each section making a 
water-tight joint with the preceding section. They are generally used where 
water is encountered and where it is necessary to carry down the underpinning 
to rock at great depths. Under such conditions, these cylinders are usually 
sunk by the pneumatic-caisson method, although there have been cases 
where the open method has been successfully used. Such cylinders have 
been sunk to a depth of 70 ft below water-level; 4 ft 4 in diameters have been 
used and single cylinders have been designed to carry as much as 950 tons. 
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CHAPTER III 

MASONRY WALLS. FOOTINGS FOR LIGHT 
BUILDINGS.* CEMENTS AND CONCRETES t 

By 

CHARLES M. GAY 

PROFESSOR OF ARCHITECTURAL CONSTRUCTION, UNIVERSITY OF PENNSYLVANIA 

1. Footings for Light Buildings 

Footing Courses in General. Every foundation or bearing wall overlying 
anything except solid rock should rest on a footing or base projecting beyond 
the wall on each side. On wet or very compressible soils these footings may be 
built of steel beams or of reinforced concrete, as described in Chapter II, but 
on reasonably firm soils and for buildings of moderate size and weight the foot¬ 
ings are generally of concrete, stone, or brick. Footings answer two important 
purposes: 

(1) By distributing the weight of a structure over a larger area of bearing 
surface, the pressure per square foot on the foundation-bed is diminished and 
the tendency to vertical settlement correspondingly lessened. 

(2) By increasing the area of the base of a wall, footings add to its stability 
and form a protection against the danger of the work being thrown out of 
plumb by any forces that may act on it. Nearly every building law requires 
that every foundation wall or pier and every cellar or basement wall or pier 
shall have a footing at least 12 in wider, that is, 6 in on each side, than the 
thickness of the wall or pier, and this may be considered as the minimum pro¬ 
jection, except in rare instances where there may be a special reason for 
making it less. On firm soils and for comparatively light buildings a projec¬ 
tion of 6 in on each side of a wall will generally reduce the unit pressure, that 
is, the pressure per square foot, to the safe resistance of the soil, but it is 
always wise to proportion the footings to a uniform unit pressure, as explained 
in Chapter II. To have any useful effect, footings must be well bedded and 
have sufficient transverse strength to resist the upward reactions on the 
projections. 

Stone Footings for Walls with Light Loads. Except in cases where light 
loads are involved, basement walls are now seldom built of stone and conse¬ 
quently stone footings have also largely gone out of use, giving way to. con¬ 
crete. Most Building Laws restrict stone footings to dwellings and other 
buildings of the lightest type in which the cellar walls might be of stone. In 
some cities the Building Laws require that all footings should have at least 
6 in projection on each side of the cellar wall and should be at least 12 in 

* For a complete discussion of foundations in general and the mechanical principles 
involved in their strength and stability, for walls, piers, etc., below the basement or cellar 
floor, see Chapter II. 

t Hus chapter has been revised and rewritten from the original chapter by the late 
Thomas Nolan. 



Art. 1] 


Footings for Light Buildings 


233 


deep, irrespective of the safe bearing pressure upon the soil. In the case of 
lightly loaded dwellings and small buildings, the loads per unit of foundation- 
bed are often much less than the allowable pressure on the soil, and in these 
cases it is still considered good practice to 
start the stone cellar wall directly upon the 
foundation-bed without a projecting footing. 

It must be understood, however, that the 
stone cellar wall should be at least 24 in 
thick and that the bottom course should be 
of heavy flat stones each one extending 
through the wall and well bedded in mor¬ 
tar. 

Wherever the Building Code requires pro¬ 
jecting footings or the questionable bearing 
qualities of the soil render them necessary, 
stone footings should project in one or more 
steps, the amount of each projection and its 
ratio to the thickness of the step receiving 
careful consideration. If practicable, the lootings should consist of stones 
having a width equal to that of the footing. If impracticable to obtain stones 
of sufficient size, then two stones should be used, meeting under the middle 
line of the wall. In any event each footing course should extend inside the 
course above for a distance equal to at least one and one-half times the pro¬ 
jection, otherwise the stones will not transmit properly the loads and reactions, 
and the joints will tend to open, as in Fig. 1. Stone footings should be of hard, 
strong and durable stones always laid on their natural bed and solidly bedded 
in mortar The most common difficulty in using footing stones of large size 
is to obtain a proper bedding, as large stones are 
more troublesome to bed than small ones. They 
should be laid in a thick bed of mortar and worked 
sidewise with a bar until firmly settled in place. 

Offsets in Stone Footings. As stated above, 
stone footings can be used only for the lightest 
buildings. In such cases and where the loads per 
square foot of foundation-bed are much less than 
the allowable soil pressure, the thickness of each 
stone course or step may be made equal to one and 
one-half times its projection beyond the course 
above. But wherever the foundation-bed is of 
poor quality or wherever the loads begin to be moderately heavy, concrete 
should be used for the footings, and the flexure formulas should be em¬ 
ployed to determine the thickness and projection of the steps. If the 
projection of the footing or offset be too great for the strength of the stone or 
concrete, the footing will crack as shown in Fig. 2. 

Concrete Footings. For buildings of great weight, except the very heaviest, 
and especially for those built on a clay soil, concrete generally makes the best 
footings. When the concrete is properly made and used, it attains a strength 
equal to that of most stones, and under walls, being devoid of joints, it is like 
a continuous beau, having sufficient strength to span any soft spots that 
happen to be in the foundation-bed. When deposited in thin layers and well 
rammed, concrete becomes firmly bedded on the bottom of the trenches, so 
that there is no possible chance for settlement except that due to the compres¬ 
sion of the soil. 



Fig. 2. Crack in Footing 
from Excessive Offsets 



Fig. 1. Stone Footing. Openings 
at Joints 




234 


Masonry Walls. Cements and Concretes 


[Chap. 3 


Preparing the Trenches. For footings, concrete made with Portland 
cement only should be used, and it should have a thickness of at least 8 in, even 
under light buildings; and for buildings of more than two stories, a thickness 
of at least 12 in. On firm soils, such as hard clay, the trenches should be 
accurately dug and trimmed to the exact width of the footings, so that the 
concrete will fill them. When the foundation-bed is of loose gravel or sand 
it is generally necessary to set up planks to confine the concrete and form the 
sides of the footings. These planks may be held in place by stakes; they 
should be left in place until the concrete has become hard, which generally 
requires from two to four days, after which they may be pulled up and dirt 
filled in against the concrete. The proportions and manner of mixing con¬ 
crete are described in the latter part of this chapter. 

Depositing the Concrete. Concrete should be used as soon as mixed and 
should always be deposited in layers, which as a rule should not exceed 6 in in 
thickness, especially for the first layer. On small jobs where the work is done 
by hand the concrete is usually carried to the trenches in wheel-barrows and 
dumped into the trenches The height from which the concrete is dumped, 
however, should not exceed 4 ft above the bottom of the trench, because when 
it falls from a greater height the heavy particles are apt to separate from the 
lighter ones. As soon as the concrete has been deposited in the trenches, it 
should be leveled off and then tamped with a wooden rammer weighing about 
20 lb, until the water in the concrete is brought to the surface. Concrete 
should not be permitted to dry too quickly, and if twenty-four hours elapse 
between the deposits of the successive layers, the top of each layer should be 
sprinkled with water and grouted with neat cement before the next is put in 
place. 

Brick Footings. When the soil is dry and the cellar walls are of brick, the 
footings may be of brick although at the present time concrete is more gen- 



Fig. 3. Brick Footing. Wall Three Bricks Thick 


erally used even in this case. Only the hardest and soundest brick obtainable 
should be used, laid up in Portland-cement mortar thoroughly slushed and 
grouted so that all joints are filled. The footings should start with a double 
course on the foundation-bed. The outside of the work should be laid all 
headers, and no course should project more than one-fourth the length of a 
brick beyond the one above it. See Fig. 3. 

2. Cellar Walls and Basement Walls 

Definitions. These terms are generally applied to walls which are below 
the surface of the ground or below the water-table of first-floor beams, which 
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support the superstructure and which go down to the foundation walls, 
properly so called. (See Chapter II.) Walls whose chief office is to with¬ 
hold a bank of earth, such as the walls around areas, are called retaining* 
walls. (For retaining-walls, see Chapter IV.) 

Materials for Cellar and Basement Walls. These walls may be built of 
brick, stone or concrete. Barcfc is suitable only in very dry soils or for a party 
wall with a cellar or basement on each side of it. Portland-cement con¬ 
crete is an excellent material for foundation walls, and is being more exten¬ 
sively used in their construction every year. The concrete may be filled in 
between wooden forms, which hold it in place until it has set, or concrete 
blocks molded so as to form a solid wall may be used. If poured concrete 
be used the forms should be removed as soon as the concrete has set and the 
walls should be sprinkled once or twice a day, if the weather be dry, so that the 
concrete will not dry too quickly. Good hard ledge-stone, especially if it 
come from the quarry with flat beds, makes not only a strong wall but, if 
well built, one that will stand the effects of moisture and the pressure of the 
earth much better than a brick wall Between a good stone wall and a wall 
of Portland-cement concrete, there is probably not much choice, except per¬ 
haps in the matter of expense, the relative cost of stonework and concrete 
varying in different localities. A wall built of soft stones, or stones that are 
very irregular in shape, with no flat surfaces, is greatly inferior to a concrete 
wall, or even to a wall of good hard bricks, and should be used only for dwell¬ 
ings or light buildings. Stone walls should never be less than 18 in thick, 
and should be well bonded, with full and three-quarter headers, and all spaces 
between the stones should be filled solid with mortar and broken stones or 
spalls. The mortar for stonework should be made of cement and rather 
coarse sand. The outside walls of cellars and basements should be plastered 
smooth on the outside with 1 : 2, or 1 : \]/2 cement mortar, from to % in 
thick. In heavy-clay soils it is a good idea to batter the walls on the outside, 
making them from 6 in to 1 ft thicker at the bottom than at the top. 

Thickness of Cellar and Basement Walls. This is usually governed by 
that of the walls, above, and also by the depth of the wall. Nearly all building 
regulations require that the thickness of the cellar and basement wall, to the 
depth of 12 ft below the grade-line, shall be 4 in greater than the thickness of 
the wall above for brick, and 8 in greater for stone, and that for every addi* 
tional 10 ft or part thereof in depth, the thickness shall be increased 4 in. In 
all large cities the thickness of the walls of buildings is controlled by law. For 
buildings in which the thickness of the walls is not so governed, the following 
table will serve as a guide: 

Table I. Thickness of Cellar and Basement Walls 

DweUingS; hotels, Warehon , #i 
Height of building_ 

Brick, Stone, Brick, Stone, 

in in in in 


Two stories.12 or 16 20 16 20 

Three stories. 16 20 20 24 

Four stories. 20 24 24 28 

Five stories. 24 28 24 28 

Six stones. 28 32 28 32 
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3. Walls of the Superstructure 

Brick and Stone Walls. Very little is known regarding the stability of 
walls of buildings beyond what has been gained by practical experience. 
The only stresses in any horizontal sections of such walls, which can be deter¬ 
mined with any accuracy, are the direct weight of the walls above and the 
pressure due to the floors and roof. In most walls, however, there is a tend¬ 
ency to buckle, to overcome which it is necessary to make them thicker than 
would be required to resist the direct crushing stress. The resistance to 
fire should also be taken into account in deciding upon the thickness of any 
given wall. The strength of a wall depends also very much upon the quality 
of the materials used and upon the way in which the wall is built. A wall 
bonded every 12 in in height, and with every joint slushed full with good rich 
mortar, is as strong as a poorly built wall 4 in thicker. Walls laid with cement 
mortar are also much stronger than those laid with lime mortar, and a brick 
wall built with bricks that have been well wet just before laying is very 
much stronger than one built with dry bricks. 

Thickness of External Walls. In nearly all the larger cities of the country 
the minimum thickness of the walls is prescribed by law or ordinance, and as 
these requirements are generally ample they are commonly adhered to by 
architects when designing brick buildings. Table II gives the thickness of 
brick walls required for mercantile buildings in representative cities of dif¬ 
ferent sections of the United States, and affords about as good a guide as one 
can have, because the values given, as a rule, represent the judgment of well- 
qualified and experienced persons. Walls for dwellings are generally per¬ 
mitted to be 4 in less in thickness than for warehouses, although in some 
cities little or no distinction is made between business blocks and dwellings. 

In compiling Table II the top of the second floor was taken at 19 ft above 
the sidewalk, and the height of the other stories at 13 ft 4 in, including the 
thickness of the floor, as the New York and Boston laws and the laws of some 
other cities give the height of the walls in feet instead of in stories. When the 
height of stories exceeds these measurements the thickness of the walls in some 
cases will have to be increased. The Chicago ordinance (1928) specifies that 
‘‘where 12-in walls are used, the story-heights shall not exceed 18 ft, where 
16-in walls are used, the story-heights shall not exceed 24 ft, and where 20-in 
walls are used, the story-heights shall not exceed 30 ft.” 

General Rule for Thickness of Walls. Although there are some differences 
In the thickness given in Table II, more indeed than there should be, a gen¬ 
eral rule might be formulated from it, for mercantile buildings over four 
stories in height, which would be somewhat as follows: 

For bricks equal to those used in Boston or Chicago, make the thickness of 
the three upper stories 16 in, of the next three below 20 in, the next three 24 in, 
and the next three 28 in. For a poorer quality of material make only the- two 
upper stoiies 16 in thick, the next three 20 in, and so on down. In buildings 
less than five stories in height the top story may be 12 in thick. 

In determining the thickness of walls the following general principles should 
be recognized: 

(1) That walls of warehouses and mercantile buildings should be heavier 
than those used for living or office purposes. 

(2) The high stories and clear spans exceeding 25 ft require thicker walls. 

(3) That the length of a wall is a source of weakness, and that the thickness 
should be increased 4 in for every 25 ft over 100 or 125 ft in length. In New 
York the thicknesses given in the table must be increased for buildings exceed- 



Art. 3] 


Walls of the Superstructure 


237 


Table II. Thickness of Brick Walls—Building Codes 


Height and location of building 


1st 2d 3d 4th 5th 6th 7th 8th 


Boston . 

New York. . . . 
Chicago . 
Philadelphia. . 
Denver 

San Francisco. 


Boston 

New York. . . 
Chicago. . . . 

Philadelphia . 
Denver 

San Francisco. 


12 12 12 

16 16 12 

16 12 12 

18 13 13 

16 12 12 

17 17 13 


Boston 

New York . 

Chicago 

Philadelphia . 

Denver 

San Francisco 


16 12 12 

16 16 16 

20 16 16 

18 18 13 

16 16 12 

17 17 17 


Boston. 

New York. 
Chicago . . 
Philadelphia . 
Denver 
San Francisco 


16 16 12 
20 16 16 
20 20 16 
22 18 18 
20 20 16 
21 17 17 


12 12 
16 16 
16 16 
13 13 


Boston. 

New York. . . 
Chicago. 
Philadelphia . 
Denver. . 

San Francisco 


16 16 16 
24 20 20 

20 20 20 
22 22 18 
20 20 20 
21 21 17 


12 12 12 

16 16 16 

16 16 16 

18 13 13 

16 16 12 

17 17 13 


Boston. 

New York . . 
Chicago 
Philadelphia. . 

Denver. 

San Francisco. 

Boston. 

New York 
Chicago 
Philadelphia . 
Denver. . . 
San Francisco. 


20 16 16 

28 24 24 

20 20 20 

26 22 22 

24 20 20 


16 12 12 

20 20 16 

20 16 16 

18 18 13 

20 16 16 


20 20 16 16 16 12 

32 28 24 24 20 20 

24 24 20 20 20 16 

26 26 22 22 18 18 

24 24 20 20 20 16 
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Table II (Continued). Thickness of Brick Walls—Building Codes 



Boston (1926) and Denver (1927) make no provision for brick-bearing walls over 
8 stories in height. San Francisco (1928) does not permit brick-beanng walls over 
86 ft in height. 


ing 105 ft in depth on the lot. In Western cities the tables are compiled for 
warehouses 125 ft in depth, as that is the usual depth of lots in those cities. 

(4) That walls with over 33% of openings should be increased in thickness. 

(5) That partition walls may be 4 in less in thickness than the outside walls 
if not over 60 ft long, but that no partition should be less than 8 in thick. 

(6) That bearing walls shall be supported at not less than 18 times their 
thickness in a vertical direction, nor less than 20 times their thickness in a 
horizontal direction, cross walls and floors being considered as constituting 
supports. 

Walls Faced with Ashlar. “ In reckoning the thickness of walls, ashlar 
shall not be considered unless the walls are at least 16 in thick and the ashlar 
is at least 8 in thick, or unless alternate courses are at least 4 and 8 in to allow 
bonding with the backing. Ashlar shall be held by metal clamps to the back¬ 
ing or be properly bonded to the same. 41 

Stone Walla should generally be 4 in thicker than required for brick walls. 

* Boston Building Law, in force in 1926. 
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Hollow Walls. Hollow walls of brick or stone are undoubtedly desirable 
for dwellings, and might well be used for other buildings not more than four 
or five stories in height, on account of the security afforded from the weather. 
Owing to the fact that they are usually more expensive than solid walls and 
occupy more space, they are not very extensively used in this country, their 
place being taken by hollow terra-cotta block and hollow concrete walls. 

The Boston building law requires that vaulted walls shall contain, exclusive 
of withes, the same amount of material as is required for solid walls, and the 
masonry on the inside of the air-space in walls over two stories in height shall 
be not less than 8 in thick, and the parts on either side shall be securely tied 
together with ties not more than 2 ft apart in each direction. 

Walls of Concrete Blocks. Blocks made of Portland-cement concrete, and 
formed in molds, are frequently used for building walls and partitions that are 
comparatively thin and bear light loads Patents have been taken out on 
different forms of blocks and on machines or processes for making the same 
and many buildings have been erected with walls built of these blocks. Most 
of the blocks are molded so as to form hollow walls. Block construction of 
this kind has an advantage over poured walls, in that the blocks are thor¬ 
oughly seasoned before they are set and hence no provision is required for 
expansion or contraction. For the thin, light walls above mentioned the 
concrete-block construction is better adapted than solid concrete. The ex¬ 
pense of forms is avoided and also the tendency to crack and to leave an 
unsatisfactory surface-finish. Concrete blocks may be substituted for any 
ordinary stone or brick masonry Building laws usually require the thickness 
of walls of hollow concrete blocks to be not less than that required for brick 
walls. They should not be used in party walls nor for exterior walls over four 
stories high. 

Walls of Hollow Terra-Cotta Blocks. Exterior bearing walls of hollow terra¬ 
cotta block are now permitted by the majority of Building Codes, but they 
are generally limited to four stories or about 40 ft in height. The walls 
should be from 8 in to 12 in thick, depending upon their height and loads, laid 
in cement mortar, with each tile extending through the wall. The New York 
Building Law of 1926 specifies hollow block walls of residences outside the 
fire limits to have a thickness of not less than 8 in for the uppermost 20 ft, 
10 in for the next lower 10 ft, and 12 in for the next lower 10 ft. The tile 
should be hard burned and dense so as to be impervious to moisture, or if of 
semi-porous quality should be veneered on the outside with brick or stone 
or covered with at least % in of cement stucco. The building codes do not 
generally permit party walls to be of hollow clay tile or blocks. 

The use of both hollow terra-cotta and hollow concrete blocks has greatly 
increased of late years, especially for residences, garages and light manufac¬ 
turing and retail store buildings. Many special shapes have been patented 
and put on the market which have various advantages as to bonding, insula¬ 
tion, strength, or ease of fitting and laying. Setting the blocks with the hol¬ 
low spaces or cells horizontal is called side construction, and with the cells 
vertical, end construction. End construction is considered as capable of 
bearing greater loads, but this advantage is offset in side construction by the 
better bed presented for the horizontal mortar-joints and greater ease in lay¬ 
ing. Special tiles are required for sills and window-jambs and, in side con¬ 
struction, for corners also, so that the ends of the cells will not be exposed. 

Party Walls. There is much diversity in building regulations regarding 
the thickness of party walls, although they all agree in that such walls should 
never be less than 12 in thick. About one-half of the laws require that party 
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walls shall be of the same thickness as external walls; the remainder are about 
equally divided between making the party walls 4 in thicker or thinner than 
for independent side walls. When the walls are proportioned by the rule 
previously given, the thickness of the party walls should be increased 4 in in 
each story. The floor-load on party walls is obviously twice that on side 
walls, and the necessity for thorough fire-protection is greater in the case of 
party walls than in other walls. 

Enclosing Walls for Steel Skeleton Construction, In buildings of the skele¬ 
ton type the outer masonry walls are supported in every story by the steel 
framework and carry nothing but their own weight. Such walls may, there¬ 
fore, be considered as only one story high and are usually made only 12 in 
thick for the whole height of a very tall building. These enclosing walls 
may be of brick or stone masonry throughout, furred on the inside with terra¬ 
cotta or metal furring, or they may be of hollow terra-cotta blocks faced on 
the outside with brick or stone. 

Reinforced-concrete buildings may be made of the skeleton type, and in 
this case the enclosing walls at each story are sometimes built of hollow 
terra-cotta blocks with an outer coating of cement stucco. 

It may be interesting to note at this point the great saving in space attained 
through the development of the skeleton frame method of construction 
over the former self-sustaining walls. A few of the earlier tall buildings 
were erected with self-sustaining walls starting from the foundations, while 
columns were introduced merely to support the floors and to give additional 
stiffness. “The World Building, New York City, erected in 1890, is an ex¬ 
treme example of high building construction with self-sustaining walls. The 
main roof is 191 ft above the street level, making 13 main stories, above 
which is a dome containing 6 stories, in all, a height of 275 ft above the street. 
The self-sustaining walls are built of sandstone, brick and terra-cotta, the 
thickness increasing from 2 ft at the top to as much as 11 ft 4 in near the 
bottom, where the walls are offset to a concrete footing 15 ft wide. The 
walls are vertical on the outside faces, the thickness being varied by inside 
offsets, so that the columns are recessed into the walls at the bottom, but 
emerge and are some distance clear of the walls at the top.”* 


4. Natural Cements and Mortars t 

Properties and Uses of Natural Cements. The first hydraulic cements 
used in this country were natural cements, manufactured by the calcination 
of argillaceous limestone containing sufficient silica, alumina and iron oxide to 
confer hydraulic properties when the burned rock was pulverized and gauged 
with water. These natural cements were very widely manufactured and used 
until recent years, when they have been practically completely replaced by 
Portland cement. Natural cements vary in color from light yellow to dark 
brown according to the content of oxide of iron, and in distinction to Portland 
cements they are not uniform in their composition or behavior. The chemical 
composition and physical characteristics of various natural cements vary 
within wide limits, not only between cements manufactured in different mills, 
but between the products of the same mill at different times. Natural cements 
set more rapidly than Portland cements and are slower in developing strength. 
The production of natural cement in the United States for 1913 was 800 000 

• From Architectural Engineering, by J. F. Freitag. 

f Practical data relating to Cements, Limes and Plasters were furnished the Editor by 
the Charles Warner Company of Wilmington, Del. 
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barrels, while during the same year the production of Portland cement was 
82 000 000 barrels and in 1927, 150 000 000 bushels; from which it is seen that 
the natural-cement industry is relatively almost extinct. Natural cement 
may be used in massive masonry where weight rather than strength is the 
essential feature. It is used, also, for certain special purposes, such as in the 
manufacture of safes and in certain industries where a quick-setting cement 
is necessary. Where economy is the governing factor, a comparison may be 
made between the use of natural cement and a leaner mixture of Portland 
cement that will develop the same strength. 

Weight. The specifications of the American Society for Testing Materials 
require that a bag of natural cement shall contain 94 lb, net, of cement, and 
that each barrel of natural cement shall contain three bags of this net weight. 

Strength. A natural-cement mortar, in order to comply with the require¬ 
ments of the standard specifications of the American Society for Testing 
Materials, must show a tensile strength for the neat cement, of at least 
150 lb per sq in, when one week old, and 250 lb at the end of 28 days; or, when 
mixed with three parts of standard Ottawa sand, 50 lb at the end of one week, 
and 125 lb at the end of 28 days. The strength of 1 : 2 natural-cement mortar 
is about equal to that of 1 : 4 Portland-cement mortar. 

Proportions of Natural Cement and Sand for Mortar and Concrete. For 
mortar for rubble-stone masonwork and ordinary brickwork, one part of 
natural cement may be mixed with three parts of sand, by measure. 

Hydraulic Lime. A product closely related to natural cement is hydraulic 
lime. This is manufactured in the same way as natural cement, but the rock 
used contains sufficient lime to permit it to slake like quicklime. When the 
resulting product is pulverized, it sets and hardens as an hydraulic cement. 
Hydraulic limes are largely manufactured in Europe, and especially in France 
and Belgium, but in the United States they have been manufactured only in a 
few localities. This is due to the fact that while rock of suitable composition 
is widely found, the impurities are not uniformly distributed through it, but 
are found in layers or seams which prevent the material from being uniformly 
burned. The portion of the rock immediately adjacent to and including the 
seam of impurities overburns, frequently melting like a slag, while the purer 
portions consist simply of quicklime; and while the resulting mass slakes 
partly, the product when pulverized is unreliable as a cement. 

Grappier Cement is a by-product produced during the calcination of hy¬ 
draulic lime. 

La Farge Cement is an imported non-staining grappier cement. It 
develops nearly the same strength as the Portland cements. 


5. Artificial Cements and Mortars 

The Artificial Cements used in the United States include Portland cement 
and Puzzolan or slag cement. 

Portland Cement. The principal artificial cement in this country to-day 
is Portland cement. It is manufactured from two raw materials which are 
ground to extreme fineness to secure an intimate mix before burning, and it 
is from this fact that it derives its name, artificial cement. These mate¬ 
rials must be so proportioned that in the finished cement, silica, alumina, iron 
oxide and lime will be present in a certain ratio which must be maintained 
within close limits. In the Lehigh Valley region of Pennsylvania, in which 
are located some of the leading Portland-cement mills of the United States, 
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the raw materials used are limestone and cement-rock. The cement-rock is 
an impure limestone carrying argillaceous or clay-matter. In order to bring 
the lime-content up to the required percentage, it is usually found necessary 
in this region to add limestone. In other districts the raw materials used are 
limestone and clay, limestone and shale, marl and clay and also blast-furnace 
slag and limestone. The product from the last-mentioned mixture should not 
be confused with the common slag cement or Puzzolan cement, as the slag is 
simply used as a raw material supplying silica, alumina, iron oxide and lime; 
and with the exception of the use of slag to furnish these ingredients, the proc¬ 
ess of manufacture and the properties are substantially the same as for the 
other Portland cements. The raw mix in a Portland cement mill is analyzed 
at most mills several times each hour to keep the composition of the cement 
within the proper limits. The raw material, which is pulverized as fine as 
the finished cement, is burned in rotary kilns, the fuel used in most instances 
being powdered coal. From the kiln it issues in the form of clinker, the 
name given to the semivitrified product. After cooling, calcium sulphate in 
the form of gypsum is added to control the set and the product is pulverized 
and packed for shipment. The manufacture and properties of Portland 
cement have been made the subject of careful study by the American Society 
for Testing Materials and by the American Society of Civil Engineers. The 
result of this study is embodied in the standard specifications of the American 
Society for Testing Materials, extracts from which are given in the paragraphs 
following. These specifications furnish a reliable guide for the acceptance 
or rejection of any shipment of cement and have been very widely adopted by 
the leading architects and engineers of this country. These specifications do 
not stipulate that Portland cement shall consist of any one particular composi¬ 
tion, but in this respect confine themselves to the limitation of the magnesia 
(MgO) and anhydrous sulphuric acid (SO*) content. The reason for this is 
that with different raw materials it is found necessary to vary the composition 
of the cement to obtain the correct physical properties in the finished material. 
Different cements which satisfy the requirements of these standard specifica¬ 
tions are generally considered satisfactory cements for use, although the com¬ 
position of one may vary in some particulars from that of another. The 
chemical composition of a good brand of Portland cement is about as follows: 
Lime, 62 ; silica, 23; alumina, 8 ; and impurities, such as iron oxide, magnesia, 
and sulphuric acid, 7. 

Standard Specifications for Portland Cement.* The following ex¬ 
tracts give the most important requirements for Portland cement: 

(1) Definition. Portland cement is the product obtained by finely pul¬ 
verizing clinker produced by calcining to incipient fusion an intimate and 
properly proportioned mixture of argillaceous and calcareous materials, with 
no additions subsequent to calcination excepting water and calcined or uncal¬ 
cined gypsum. ( 2 ) Chemical Limits. The following limits shall not be 


exceeded: 

Loss on ignition, per cent. 4 00 

Insoluble residue, per cent.0 85 

Sulphuric anhydride (SO 3 ), per cent. 2.00 

Magnesia (MgO), per cent. 5.00 


(3) Fineness. The residue on a standard No. 200 sieve shall not exceed 
22 per cent by weight. (4) Soundness. A pat of neat cement shall remain 

• From the Standard Specifications and Tests for Portland Cement revised, 1933, by 
the American Society for Testing Materials. 
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firm and hard, and show no signs of distortion, cracking, checking, or disin¬ 
tegration in the steam test for soundness. (5) Time of Setting. The cement 
shall not develop initial set in less than 45 minutes when the Vicat needle is 
used, or 60 minutes when the Gilmore needle is used. Final set shall be 
attained within 10 hours. (6) Tensile Strength. The average tensile 
strength in pounds per square inch of not less than three standard mortar 
briquettes composed of 1 part cement and 3 parts standard sand, by weight, 
shall be equal to or higher than the following: 


Age at teat, 
days 

Storage of briquettes 

Tensile 

strength. 


lb per sq in 

7 

1 day in moist air, 6 days in water 

275 

28 

1 day in moist air, 27 days in water . . 

350 


(7) The average tensile strength of standard mortar at 28 days shall be higher 
than the strength at 7 days. (8) Packages and Marking. The cement 
shall be delivered in packages as specified, with the brand and name of the 
manufacturer plainly marked thereon, unless shipped in bulk When shipped 
in bulk, this information shall be contained in the shipping advices accom¬ 
panying the shipment. A bag shall contain 94 lb net. A barrel shall contain 
376 lb net. (9) Storage. The cement shall be stored in such a manner 
as to permit easy access for proper inspection and identification of each ship¬ 
ment, and in a suitable weather-tight building which will protect the cement 
from dampness. (10) Inspection. Every facility shall be provided the 
purchaser for careful sampling and inspection at either the mill or at the site 
of the work, as may be specified by the purchaser. At least 12 days from 
the time of sampling shall be allowed for the completion of the 7-day test, 
and at least 33 days shall be allowed for the completion of the 28-day test. The 
cement shall be tested in accordance with the methods hereinafter prescribed. 
The 28-day test need not be made if waived by the purchaser. (11) Rejec¬ 
tion. The cement may be rejected if it fails to meet any of the requirements 
of these specifications. 

Puzzolan or Slag Cements are not used extensively and never in important 
work. Their manufacture and properties may be briefly described as follows: 
Blast-furnace basic slag is granulated by running it in a molten condition into 
water. This accomplishes two objects. The slag is broken up into fine par¬ 
ticles and the sudden chilling enhances its hydraulic properties. These par¬ 
ticles are dried and ground with hydrated lime, in the proportion of from 15 
to 25% of hydrated lime and from 75 to 85% of granulated slag. Such cement, 
known as slag cement, is slow-setting and slow-hardening, and does not 
develop as much strength as natural or Portland cement. Slag cements are 
characterized by their light lilac color, their extreme fineness and their low 
specific gravity. They are considered unreliable for use except for foundation- 
work under ground where they are not exposed to air or running water. 

Stainless Cements. Any ordinary Portland or natural cement will stain 
limestones, some porous marbles, some granites and some other light-colored 
stones. The best non-staining material is lime, that is, lime free from excess 
of iron oxide. White Portland cements, called non-staining cements, have 
been developed and where care is used in their manufacture and they are 
free or comparatively free from iron oxide, they are satisfactory. Among 
the non-staining cements which have been extensively used for masonry on 
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which staining would be objectionable, is La Farge Cement, before men« 
tioned. It is made at Teil, France, is light-colored and contains a small 
percentage of iron and soluble salts. There are on the market other non¬ 
staining cements made in the United States whose compressive strength i£ 
equal to that of standard Portland cement. For setting stones, and in order 
to retard the setting of the cement until the stones are well bedded, 1 part 
by volume of lime-paste is usually mixed with 4 parts of the cement. 

Quick-Setting Cements. Quick-setting cements, also called Alumina 
cements because of high alumina content from bauxite, an aluminum ore, 
were developed several years ago in Europe and have recently come into 
use in this country. Their advantages over common Portland cement lie 
in the fact that after setting for 24 hours the alumina cements attain a com¬ 
pressive strength equal to the strength developed in common cement only 
at an age of 28 days. Initial set, however, does not take place any earlier, 
so that the mixing, conveying and depositing of the quick-setting cements can 
be accomplished by the same methods as are used for the standard cements. 
Quick-setting cement has been used in many structures and for concrete roads 
with perfectly satisfactory results. The quick hardening produces consider¬ 
able heat which is advantageous in cold-weather construction. 

Storage of Cement. Cement should be properly protected after delivery 
at the building site from injury through contact with dampness. Piles should 
be limited to twelve sacks in height to prevent caking in the bottom sacks. 
Cement should be used as soon as possible after delivery, for under average 
conditions it is subject to deterioration when stored for any length of time. 

Cost of Portland Cement. Portland cement can now (1931) be purchased 
in this country at prices averaging $1.75 per barrel, free on board cars at 
the mills. The cost of the sacks and the freight are extra. The retail price 
for single barrels varies from about $2.10 to $2.70 per barrel, with an average 
of $2.45. An extra charge of 10 cts per bbl for bags is made when the cement 
is delivered in paper bags. The extra charge is 40 cts, if delivered in cloth, 
but the mills refund this 40 cts when the bags are returned in good condition. 
It is generally cheaper in the end to buy the cement in doth bags and return 
the empty bags. Testing costs from 3 to 5 cts per bbl, or from $5 to $6 per 
carload. Unloading and storing cost about 15 cts per bbl, and about 5 cts 
per bbl are usually added to the costs to allow for handling and returning 
empty sacks, and freight-charges for and damage to same. Teaming costs 
about 10 cts per bbl per mile. Although the cost of cement is usually quoted 
in barrels it is now generally shipped only in paper or doth bags or in bulk in 
box-cars. 

Water Required in Mixing Cement Mortar. Good Portland cement 
requires relatively little water to make a good mortar. Neat cement will take 
from 20 to 22% (by weight) of water to produce the normal consistency, a 
quick-setting cement requiring more water than one that is slow-setting. If a 
greater quantity of water is required, it indicates the presence of an excess of 
free lime. When sand is mixed with cement, in the proportion of 3 to 1, not 
more than from 9 to 12j^% (by weight) of water will be required. Natural 
cements and slag cements require more water than do Portland cements. Too 
much water drowns the cement, retards the setting and weakens the mortar. 
Cements can also be weakened or even spoiled by a defidency of water. 

PortUnd-Cement Mortar. For first-class mortar not more than 3 bbl of 
aand should be added to 1 bbl of cement. Ten or 15% of the cement by vol¬ 
ume may be replaced by an equal amount of hydrated lime to give greater 
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workability to the mortar. The strength of the mortar appears to be some¬ 
what increased by the addition of not more than 15% of hydrated lime. 
For rubble stonework under ordinary conditions a mortar composed of 4 
parts of sand to 1 of cement will answer every purpose, and be much stronger 
than lime mortar. For the top surface of floors and walks, from 1 to 1)^ 
parts of sand may be mixed with 1 part of cement. 1 to 3 Portland-cement 
mortar has about the same strength at the end of one year as 1 to 1 natural- 
cement mortar. Mortar made with fine sand requires a much larger quantity 
of cement to obtain a given strength than mortar made with coarse sand. 

Effects of Low Temperatures and Freezing on Cement Mortars. The 

rate of setting and hardening of cement mortar is greatly affected by the 
temperature, and the exposure and loading of new work often depends upon 
the prevailing temperature. The freezing of natural-cement mortars should 
be entirely avoided as it seriously injures them. Although freezing greatly 
retards the hardening of Portland-cement mortars and concretes, it does not 
appear to injure them. Thin coats of mortar, such as plaster, and troweled 
surfaces or those on which free moisture is formed should not be applied in 
freezing weather as they are apt to scale. In general, it is undesirable to 
work with mortar or concrete in freezing weather, unless they are suitably 
heated and protected, as the difficulties of properly mixing and placing the 
materials arc then increased. It must be admitted, however, that success¬ 
ful work with Portland-cement mortar and concrete has been done in tem¬ 
peratures considerably below freezing. 

Quantity of Mortar Required for Masonry and Plastering.* “ One bbl of 

Portland cement and 3 bbl of sand, thoroughly and properly mixed, will make 
3J/£ bbl, or 12 cu ft of good strong mortar. This will be sufficient to lay 
up \ l /2 cu yd of rough stone, or about 750 bricks, with from to ^g-in joints, 
or cover 125 sq ft of surface, 1 in thick, or 250 sq ft, 3^2 thick.” 

“One bbl of natural cement and 2 bbl of lime, mixed with about bbl of 
water, will make 8 cu ft of mortar, sufficient to lay 522 common bricks, with 
from J4 to Js-in joints, or about 1 cu yd of rough rubble.” 

For the top coat of walks or floors, 1 bbl of Portland cement and 1 of sand 
will cover from 75 to 80 sq ft, ^2 in thick, or from 50 to 56 sq ft, % in thick. 

One bbl of Portland cement and lj^ bbl of sand will cover from 110 to 
120 sq ft of floor, 3^ in thick, or from 75 to 80 sq ft, % in thick. 

The Mixing of Mortar. Mortar may be mixed by hand or by mechanical 
mixers, the latter being preferable for the mixing of large quantities. 
When the mixing is by hand, it should be done on platforms made water-tight 
to prevent the loss of cement. The cement and sand should be mixed dry in 
small batches and in the proportions required, the platform being clean. 
Water is added and the whole mass remixed until it is homogeneous and 
leaves the mixing hoe clean when drawn out. Mortar should never be retem¬ 
pered after it has begun to set. 

Adhesive Strength of Portland Cement, Sulphur and Lead for Anchoring 
Bolts. “ Fourteen holes were drilled in a ledge of solid limestone, seven of 
them being 1% and seven 1^ in in diameter, and all being 3j^ ft deep. 
Seven % and seven 1-in bolts were prepared with thread and nut on one end 
and with the other end plain but ragged for a length of 3% ft. 

“Four were anchored with sulphur, four with lead and six with cement, 
mixed neat. Half the number of the %-in and 1-in bolts being thus anchored 

* These figures can be considered as approximately only, as the amount of mortar will 
Vary on different jobs. 
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with each of the three materials, all stood until the cement was two weeks old. 
Then a lever was rigged and the bolts pulled, with the following results. 

*' Sulphur: Three bolts out of four developed their full strengths, 16 000 and 
31 000 lb. One 1-in bolt failed by drawing out, under 12 000 lb. Lead: 
Three bolts out of four developed their full strength, as above. One 1-in bolt 
pulled out, under 13 000 lb. Cement: Five of the bolts out of six broke with¬ 
out pulling out. One 1-in bolt began to yield in the cement at 26 000 lb, but 
sustained the load a few seconds before it broke. 

** While this experiment demonstrated the superiority of cement, both as to 
strength and ease of application, it did not give the strength per square inch of 
area. To determine this, four specimens of limestone were prepared, each 
10 in wide, 18 in long and 12 in thick, two of them having 1%-in holes, and two 
of them 2j^-in holes drilled in them. Into the small holes 1-in bolts were 
cemented, one of them being perfectly plain round iron, and the other having 
a thread cut on the portion which was embedded in the cement. Into the 
2 ^-in holes were cemented 2-in bolts similarly treated, and the four specimens 
were allowed to stand 13 days before completing the experiment. At the end 
of this time they were put into a standard testing-machine and pulled. The 
plain 1-in bolt began to yield at 20 000 lb and the threaded one at 21 000 lb. 
The 2-in plain bolt began to yield at 34 000 lb and the threaded one at 32 000 
lb, the force in all cases being very slowly applied. The pump was then run 
at a greater speed, and the stones holding the 2-in bolts split at 67 000 lb in 
the case of the smooth one and at 50 000 lb in the case of the threaded one. 

“ It is thus seen that for anchoring bolts in stone, cement is more reliable, 
stronger and easier of application than either lead or sulphur, and that its 
resistance is from 400 to 500 lb per sq in of surface exposed. It is also a well- 
ascertained fact that it preserves iron rather than corrodes it. The cement, 
however, takes much longer to attain its strength than do sulphur or lead. 
The cement used throughout the experiment was an English Portland cement.” 

6. Concrete 

Properties and Uses of Concrete.* There is probably no material that is 
so enduring or better adapted for foundations, walks and basement floors, etc., 
than cement concrete, and for certain classes of buildings it is used with ad¬ 
vantage for the walls, floors and interior supports. There are now thousands 
of buildings in this and other countries in which all of the structural portions 
are formed of reinforced concrete, and the use of Portland-cement concrete 
for a great variety of purposes is rapidly extending, due to the reduced price of 
Portland cement, and to a better appreciation and understanding of its prop¬ 
erties and merits. Concrete may be defined as an artificial stone, made by 
uniting cement, water and what is called an aggregate, consisting of small and 
large particles of sand or screenings and gravel or broken stone; and when 
made with good Portland cement, in proper proportions, it becomes so hard 
and strong that when pieces of it are broken, the line of fracture often passes 
through the particles of stone, showing that the adhesion of the cement to the 
stone is greater than the cohesive strength of the stone itself. 

The Aggregates.! ‘^Extreme care should be exercised in selecting the aggre¬ 
gates for mortar and concrete, and careful tests made of the materials for the 

* For further information about concrete, see Chapter on Reinforced concrete. 

t Most of the matter of this paragraph, and of following paragraphs relating to con¬ 
crete, consists of data and conclusions formulated by the joint committees of the Am. 
Soc. C. E., Am. Soc. for Test. Mats., Ain. Ry. Eng. and Maint. of Way Asso., and 
Portland Cement Association. 
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purpose of determining their qualities and the grading necessary to secure 
maximum density. A convenient coefficient of density is the ratio of the sum 
of the volumes of materials contained in a unit volume to the total unit 
volume. 

** (1) Fine Aggregates should consist of sand, crushed stone, or gravel 
screenings, graded from fine to coarse and passing when dry a screen having 
J^-in diam holes; it preferably should be of siliceous material, and should 
be clean, coarse, free from dust, silt, soft particles, vegetable loam, organic 
impurities, or other deleterious matter, and not more than 30% should 
pass a sieve having 50 meshes per lin in. Between these limits fine aggregate 
should be well graded from fine to coarse. Fine aggregates should always 
be tested. In large work the quality of the sand may be tested for grading 
by sieving, for silt by decantation, and for organic matter by the calorimetric 
test. Fine aggregates should be of such quality that mortar composed 
of one part Portland cement and three parts fine aggregate by weight when 
made into briquettes will show a tensile or compressive strength at least 
equal to the strength of 1 : 3 mortar of the same consistency made with the 
same cement and standard Ottawa sand. This is a natural sand obtained at 
Ottawa, Ill , passing a screen having 20 meshes and retained on a screen hav¬ 
ing 30 meshes per lin in. It is prepared and furnished by the Ottawa Silica 
Company, at Ottawa, Ill., under the direction of the Special Committee on 
Uniform Tests of Cement of the American Society of Civil Engineers. If 
the aggregate be of poorer quality the proportion of cement should be 
increased in the mortar to secure the desired strength. If the strength 
developed by the aggregate in the 1 : 3 mortar be less than 70% of the strength 
of the Ottawa-sand mortar, the material should be rejected. To avoid the 
removal of any coating on the grains, which may affect the strength, bank 
sands should not be dried before being made into mortar, but should contain 
natural moisture. The percentage of moisture may be determined upon a 
separate sample for correcting weight. From 10 to 40% more water may be 
required in mixing bank or artificial sands than for standard Ottawa sand to 
produce the same consistency. 

** (2) Coarse Aggregates should consist of crushed stone or gravel which is 
retained on a screen having diam holes and graded from the smallest to 
the largest particles; they should be dean, hard, insoluble, durable and free 
from all deleterious matter. Aggregates containing dust and soft, flat or 
elongated particles should be excluded from important structures.” 

Any kind of stone is suitable for the coarse aggregate which has such 
strength that the strength of the concrete is not limited by the strength of the 
stone. Great strength is of little advantage beyond this minimum. The 
stones generally employed are granites, traps and limestones. Shales, slates, 
and sandstones of deficient strength should be tested before use. Pit-run 
gravel generally makes a good aggregate, but the proportion of small to large 
particles is apt to be changeable. It should, therefore, be screened and re¬ 
mixed in the required proportions. “The maximum size of the coarse 
aggregate is governed by the character of the construction. For reinforced 
concrete and for small masses of unreinforced concrete, the aggregate must 
be small enough to produce with the mortar a homogeneous concrete of vis¬ 
cous consistency which will pass readily between and easily surround the 
reinforcement and fill all parts of the forms. For concrete in large masses 
the size of the coarse aggregate may be increased, although it should be noted 
that the danger of separation from the mortar becomes greater as the size of 
the coarse aggregate increases. * 
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The use to be made of the concrete determines the maximum size of the 
coarse aggregate. When used in mass-concrete construction, such as heavy 
walls, the maximum size may run up to and 3 in with good results. For 
reinforced work and thin walls, however, it is necessary to reduce the maxi¬ 
mum size to 1 in or less. It has been found that the following are the maxi¬ 
mum sizes for the coarse aggregate of plain or mass-concrete in the best prac¬ 
tice: for foundations, lYi in; for abutments, 2 in; for arch-rings, 134 in; and 
for copings, thin walls, etc., 1 in. 

Size of Aggregates. The joint code of the American Concrete Institute 
adopted in 1928 recommends that the size of aggregate shall be not larger 
than the narrowest dimensions between forms of the member for which 
the concrete is to be used nor larger than ^ of the minimum clear spacing 
between reinforcing bars. Most Building Codes limit coarse aggregate for 
reinforced concrete to the lj^-in size and for mass concrete not reinforced to 
2 in. Some codes, however, permit much larger stones in rubble concrete 
but specify that there shall be at least 6 in of mortar between any two stones 
or between any stone and the form-work. Rubble concrete is permitted only 
in mass concrete without reinforcement. It should not be used for a projecting 
footing. 

Cinders. Cinder concrete is much used in some localities for reinforced 
floor and roof slabs of short span and for fireproofing. It should not be used 
for walls, columns, beams or other structural purposes. The cinder? should 
be hard, well-burned, vitreous clinker, reasonably free from sulphides, fine 
ashes, unburned coal or coke and foreign matter. Sulphur in any form is 
liable to corrode and destroy the metal reinforcement. Cinders from anthra¬ 
cite coal should be used in preference to those from soft coal, since the latter 
are apt to contain these harmful sulphides. 

Admixtures. Substances have frequently been mixed with concrete to 
accelerate its set, improve its workability, increase its waterproof qualities, 
harden its surface or lend to it other advantages. Some of these substances 
are proprietary and their composition is secret. Such patented admixtures 
should be avoided and standard chemical compounds only should be employed 
whose effect upon the concrete has been well proved. Calcium chloride, 
hydrated lime and kaolin are the chemicals most commonly used. Cal¬ 
cium chloride accelerates the setting of the concrete and acts as a surface 
hardener, while hydrated lime and kaolin render the concrete more workable 
and thereby reduce somewhat the required quality of mixing water. Not 
more than 3% of commercial calcium chloride, 8% of hydrated lime or 8% 
of kaolin, each by weight of cement, should be used since larger proportions 
often reduce the strength of the cement. Integral waterproofing com¬ 
pounds are put on the market by many manufacturers and are fairly effective 
for waterproofed cement mortar coats as used in the surface coating method 
of waterproofing. In large masses of concrete, however, they are powerless 
to prevent the passage of water through settlement cracks, fill-lines, joints or 
pockets. In general, it is better for reinforced concrete in building construc¬ 
tion to increase the cement rather than to depend upon chemicals for hard¬ 
ness or workability, and to give strict attention to the proportioning, mixing 
and placing of the concrete rather than to rely upon added compounds to 
render it waterproof. * 

Water for Mixing Concrete. The water used in mixing concrete should 
be free from oil, acid, alkalies, organic matter, or salt. 


* From Bulletins of the Lewis Institute. 
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Preparing and Placing Concrete. Proportions.* The materials to be used 
in concrete should be carefully selected, of uniform quality, and proportioned 
with a view to securing a workable and economical mixture with as nearly as 
possible a maximum density. 

Unit of Measure. The unit of measure should be the cubic foot. A bag 
of cement, containing 94 lb, net, should be considered the equivalent of 1 
cu ft The measurement of the fine and coarse aggregates should be by loose 
volume. Water is measured by the gallon. 

Ratios of Cement, Sand and Aggregate. Many methods have been devised 
in the past for the proportioning of concrete, and the question is still the 
subject of continual study and research. The method most used until recently 
has been called the method of Arbitrary Proportions, by which the cement, 
sand and coarse aggregates arc proportioned by fixed volumes of each without 
reference to the characteristics of the aggregates nor to the amount of water 
to be used in the mix or already contained upon the aggregates. Thus a 
proportion of 1 : 2 : 4, or one part cement to two parts sand and four parts 
coarse aggregate, all by volume, was considered a sufficient specification to pro¬ 
duce a concrete with an ultimate strength of 2 000 lb in 28 days. While it is 
true that much satisfactory concrete has been designed and mixed according to 
this formula, the adequate strength derived has in most cases resulted from 
the large factor of safety and not from scientific proportioning. Workability 
and flow were obtained by adding water according to the judgment of the 
superintendent or the builder without regard to its influence upon the strength 
of the concrete. Although it is evident that this method is neither exact nor 
economical it is still widely used because of its simplicity. 

Water-Cement Ratio. It is well known that the cement and the water 
are the two chemically active elements in the concrete. By their combina¬ 
tion they form a paste or glue which coats and surrounds the particles of the 
inert aggregates and upon hardening binds the entire mass together. The 
strength of the mixture then depends directly upon the strength of the paste. 
If there be an excess of water the paste becomes thin and watery and its 
holding strength is reduced. The actual amount of water required to hydrate 
thoroughly the cement is very small in comparison with that required for the 
workable plastic consistency of the concrete. These considerations have given 
rise to the recent Water-Omen r Ratio theory, which has been adopted, 
after many tests, by the Concrete Institute and by the revised Building 
Codes of several cities. This theory is based upon the principle that for a 
given set of materials and conditions the strength of concrete is determined 
entirely by the amount of mixing water in proportion to the amount of cement, 
provided that the mixture be of workable plasticity. The method of arbi¬ 
trary proportions considers concrete as a mass of aggregate, its inter¬ 
stices filled with a mortar consisting of sand and cement, the interstices of 
the sand in turn being filled with the cement. The water-cement ratio 
theory, on the other hand, is based upon the conception that concrete is a 
mass of cement-and-water paste in fixed proportions and that the aggregates 
are embedded in the paste. If a small amount of aggregate be mixed with 
the paste the concrete will be fluid; when more aggregate is added the con¬ 
crete will become plastic and finally upon the addition of still more aggregate 
the concrete becomes stiff. The strength of the concrete remains the same 
for a given water-cement ratio of paste irrespective of the amount of aggregate 
embedded in the paste, as has been proved by many series of tests. The 
quantity of aggregate varies according to the consistency or degree of work- 

* See, also, chapter on Reinforced Concrete. 
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ability desired in the concrete. In large masses with little reinforcement the 
concrete can be drier and stiller than when intended for thin walls or beams 
with a complex system of reinforcement, the water-cement ratio and there¬ 
fore the strength of the concrete being alike in both cases. 

The quantity of aggregate to be mixed with a fixed amount of cement paste 
with a chosen water-cement ratio depends also upon the grading of sand 
and the coarse aggregate and upon their proportions to each other. Since 
cement is more costly than the aggregates, the most economical concrete is 
the one which contains the largest proportion of aggregate to cement paste 
and still preserves its workability. To attain this end both the sand and the 
coarse aggregate should be well graded from fine to coarse and the relative 
proportion of sand to coarse aggregate should be carefully studied. Excess 
sand is expensive and causes shrinking, while excess coarse aggregate produces 
a harsh, honeycombed and unworkable concrete. Tests have shown that, 
in general, satisfactory proportions of sand to total aggregate range from one- 
third to one-half by volume. For good economy, as little sand should be used 
as will give a workable mixture, and the coarse aggregate should be as large 
in size as the character of the work and the spacing of the reinforcement 
will permit. With these points in mind trial batches of concrete can easily 
be made, using a fixed water-cement ratio and different proportions of any 
satisfactory coarse and fine aggregates locally and cheaply obtainable, varying 
the mixtures until the proper consistency is secured to give workability and 
minimum segregation of aggregate during and after placing, together with 
economy in cost. In making the trial batches it is often found helpful to 
begin with a maximum amount of coarse aggregate and to add the sand until 
the mixture is of workable and homogeneous consistency. If the batch be too 
dry, water must not be added but the combined aggregate must be reduced 
In fixing the water-cement ratio the water contained on the aggregate or 
absorbed by it before mixing should be considered, the quantity of such water 
sometimes being very considerable. The Portland Cement Association pub¬ 
lishes the following tables of absorbed and free water carried by average 
aggregates. 

Table m. Absorption of Table IV. Free Water Carried 

Aggregates by Aggregates 


Material 

Gal per cu ft 

Very wet sand 

0 75 to 1.00 

Moderately wet sand 

0 50 

Moist sand 

0 25 

Moist gravel and 


crushed rock . . 

0.25 


Material 

Per cent 
by weight 

Average sand . 

1.00 

Pebbles and crushed 


stone. 

1.00 

Trap-rock and granite 

0.50 

Porous sandstone 

7 00 


The amount of absorbed or free water carried by the aggregates should be 
deducted from the total amount of mixing water fixed by the chosen water- 
cement ratio. 

The following figure and tables are based upon a wide range of tests and 
experience in connection with the water-cement ratio method of proportioning 
concrete. 

Effect of Quantity of Mixing Water on Strength of Concrete. Fig. 4 * 
shows graphically the relation between the amount of mixing water and the 

• Taken from Portland Cement Association data. 
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“Water and moisture contained in the aggregates must be included in 
determining the ratio of water to cement.” 

“All structural drawings and plans submitted for approval shall show the 
strength of concrete to be used and the water-cement ratio necessary to 
produce the strength as per this table. Such note indicating the water 
required shall dearly state that this quantity of water indudes that contained 
in the aggregates.” 

Concrete Proportions and Consistency. The proportions of aggregates to 
cement for concrete of any water-cement ratio shall be such as to produce 
concrete that will work readily into the corners and angles of the form and 
around the reinforcement without excessive puddling or spading and without 
permitting free water to collect on the surface. The combined aggregate 
shall be of such composition of sizes that when separated by the No. 4 standard 
sieve, the weight retained on the sieve shall not be less than one-half or more 
than two-thirds of the total, nor shall the amount of coarse material be such 
as to produce harshness in placing nor honeycombing in the structure. When 
forms are removed, the faces and corners of the members shall show smooth 
and sound throughout. 

Compressive Strength. At the present day the Building Laws of most 
dties limit the allowable working stress for compression in concrete to 500 lb 
per sq in for direct compression and 650 lb for compression in flexure. It is 
therefore wasteful of cement and aggregates to design a concrete with an 
ultimate strength of more than 2 000 lb per sq in, which gives a sufficient 
factor of safety for all requirements. 

Mixing Concrete. Even on small jobs concrete is most satisfactorily mixed 
in mechanical mixers, consisting of rotating drums furnished with blades 
or paddles in their interiors to stir up and thoroughly mingle together the 
cement, water and aggregate. The drums are revolved by power at a speed 
of about 200 peripheral feet per minute, greater speed produdng a less thor¬ 
ough mix. If necessary to mix the concrete by hand it is best first to mix the 
dry cement and sand together with a shovel or hoe in a tight wood or metal 
box until the mixture assumes a uniform color. The coarse aggregate and the 
water are then added and the whole mass shoveled over until it becomes 
homogeneous and of uniform color. Mechanical mixers are manufactured 
in a variety of sizes and of both batch and continuous type. The batch 
MIXer, in which one batch of concrete is mixed and discharged at a time, i 9 
considered more thorough than the continuous mixer, which is continuously 
charged with the materials and continuously discharges the finished concrete. 
One minute is usually allowed for mixing each batch, but this time should be 
considered as an absolute minimum, since strength, impermeability and hard¬ 
ness are all increased by mixing for two minutes or more. The cement, water 
and aggregates should all be carefully measured before mixing. The meas¬ 
urements are usually by volume, one 94-lb bag of cement being considered as a 
cu ft and one cu ft of water as containing 7.5 gal and weighing 62.5 lb. The 
effort should be to maintain the same proportioning of ingredients in all the 
successive batches with equal amounts of water so that no variation in the 
strength or workability of the concrete will result. 

Transporting Concrete. Concrete should be transported from the mixer 
to its destination in the forms with the least loss of time and with the minimum 
separation or segregation of ingredients. In small jobs the concrete is con¬ 
veyed in wheelbarrows, but in constructions of any size it is more economical 
to use towers and hoists to elevate the concrete in buckets to the proper level 
for distribution. From the proper level the concrete is then conveyed to the 
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forms by steel troughs or chutes or by buggies which are steel two-wheeled 
carts. If chutes be used, they are suspended at the right slope from cables 
running from the hoist tower to one or more secondary towers, or they may be 
swung in the desired direction by booms supported on the tower. If buggies 
be used they are either filled at the mixer and carried up on the hoist or they 
may be filled from the buckets at the top of the hoist. In both cases they are 
wheeled by hand on runways from the hoist to the form. The hoist tower is 
generally placed close to the mixer. The number and arrangement of mixers, 
towers, etc., depend upon the conditions at each site. Carry-alls are con¬ 
sidered less costly for jobs up to 2 000 cu yd, and chutes, also called the gravity 
method, more economical for larger constructions. 

Placing Concrete, Methods. The forms should be cleaned of all chips and 
shavings and are often wet or oiled just before they are filled. Concrete 
should not be dropped from any distance so as to cause separation or segre¬ 
gation of the ingredients. In large horizontal surfaces such as floor slabs, the 
concrete should be placed in horizontal layers of equal thickness all over the 
area. Beams should be poured in horizontal layers and columns filled on 
one operation to the bottoms of the beams or of the drops of the floor slabs. 
The reinforcement should be completely embedded in the concrete, the forms 
should be filled in every corner and no air-pockets or honeycombing should 
occur. Thorough spading or tamping is therefore necessary throughout the 
pouring. All laitance * should be removed. The day’s work should be 
stopped at predetermined points so that the construction joints will form 
definite horizontal or vertical planes in favorable positions. In walls these 
joints should be horizontal and level, in beams they should be vertical and 
occur at the centers of the beams and slabs where the shearing-stress is least. 
Before recommencing work the old surfaces should be roughened and cleaned 
of laitance, thoroughly soaked with water and coated with neat cement. 

“Mixing and Depositing Concrete in Freezing Weather. Concrete should not 
be mixed or deposited at a freezing temperature, unless special precautions 
are taken to avoid the use of materials covered with ice-crystals or containing 
frost, and to provide means to prevent the concrete from freezing after being 
placed in position and until it has thoroughly hardened. As the coarse aggre¬ 
gate forms the greater portion of the concrete, it is particularly important that 
this material be heated to well above the freezing-point.” 

The Joint Committee on Concrete report that the chemical reactions in¬ 
volved in the setting of concrete are retarded or stopped in cold weather and 
that the temperature of concrete should be maintained at a minimum of 
50° F. for not less than 72 hours after placing. During the winter season 
it is consequently necessary to heat the water and aggregates before mixing 
and to maintain the required temperature in the concrete after it is placed. 
Steam furnishes the best means of heating, for the pipes can be led to the 
water barrels or tanks and through the piles of aggregates. Wood fires may 
also be built through which the water-pipes are passed and the aggregate may 
be piled over sewer-pipes or sheet metal, under which fires are built. Protec¬ 
tion of the newly laid concrete is furnished by curtains of duck hung from the 
exterior girders and completely surrounding the portions of the building 
recently poured, and the heat is provided by salamanders distributed over 
the floor areas and near the exterior columns. Greeu concrete, not protected 

* Laitance is a whitish, gelatinous substance of about the same composition as cement 
but with little tendency to harden. It accompanies a disintegration of some of the cement 
from the surface of concrete which is exposed to the action of water in which it is deposited. 
The concrete is thus weakened and the laitance, also, weakens the bond between old and 
new material and should be removed before fresh concrete is placed. 
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by earth banks or form-work, should be covered with canvas, tar paper or hay 
at the end of each day's work. 

“ Rubble Concrete. Where the concrete is to be deposited in massive 
work, its value may be improved and its cost materially reduced by the use of 
clean stones thoroughly embedded in the concrete and as near together as is 
possible while still entirely surrounded by concrete. 

“Depositing Concrete under Water. In placing concrete under water it 
is essential to maintain still water at the place of deposit. The use of 
tremies,* properly designed and operated, is a satisfactory method of placing 
concrete through water. The coarse aggregate should be smaller than ordi¬ 
narily use I, and never more than 1 in in diameter. The use of gravel facili¬ 
tates mixing and assists the flow of concrete through the tremies. The mouth 
of the tremie should be buried in the concrete so that it is at all times entirely 
sealed and the surrounding water prevented from forcing itself into the tremie; 
the concrete will then discharge without coming in contact with the water. 
The tremie should be suspended so that it can be lowered quickly when it is 
necessary either to choke of! or prevent a too rapid flow; the lateral flow 
should preferably be not over 15 ft. The flow should be continuous in order 
to produce a monolithic mass and to prevent the formation of laitance in the 
interior. In large structures it may be necessary to divide the mass of con¬ 
crete into several small compartments or units, filling one at a time. With 
proper care it is possible in this manner to obtain as good results under water 
as in the air.” 

Curing. In the hardening processes of concrete some of the chemical 
changes take place very slowly. Water is required for these reactions, and if 
the water evaporates in the early days of setting a weaker concrete will result 
than when the full amount of water is present. It is necessary, then, to keep 
the concrete properly moist for at least 10 days after it is laid. Floors are 
covered with burlap, sand or earth to prevent evaporation, and beams, col¬ 
umns and walls should be sprinkled or sprayed as soon as the forms are 
removed. This treatment is particularly necessary in building-construction 
where the members are relatively slender and exposed to air circulation on all 
sides and floor and wall areas are extensive and of no great thickness. The 
moisture in heavy construction of massive character such as dams, piers and 
reservoirs evaporates much more slowly. 

Shrinkage of Concrete and Temperature-Changes. “Shrinkage of con¬ 
crete, due to hardening and contraction from temperature-changes, causes 
cracks, the size of which depends on the extent of the mass. The resulting 
stresses are important in monolithic construction and should be considered 
carefully by the designer; they cannot be counteracted successfully, but the 
effects can be minimized. Large cracks produced by quick hardening or 
wide ranges of temperature can be broken up to some extent into small cracks 
by placing reinforcement in the concrete; in long continuous lengths of con¬ 
crete, it is better to provide shrinkage-joints at points in the structure where 
they will do little or no harm. Reinforcement is of assistance and permits 
longer distances between shrinkage-joints than when no reinforcement is used. 
Small masses or thin bodies of concrete should not be joined to larger or 
thicker masses without providing for shrinkage at such points. Fillets simi¬ 
lar to those used in metal castings, but of larger dimensions, for gradually 

* A tremie is a round or square box or tube of wood or plate iron open at the top add 
bottom. The diameter varies from 12 to 24 in. The tremie rests in the deposited con¬ 
crete, extends above the water-level and is kept full of concrete, which escapes at the 
bottom as the tube is shifted over the surface. 
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reducing from the thicker to the thinner body, are of advantage. Shrinkage- 
cracks are likely to occur at points where fresh concrete is joined to that which 
is set, and hence in placing the concrete, construction-joints should be made 
on horizontal and vertical lines, and, if possible, at points where joints would 
naturally occur in dimension-stone masonry/' Roof slabs, parapet walls and 
exterior walls, especially, should be reinforced against temperature changes. 

Effect of Heat on Concrete Fireproofing. “ The actual fire-tests of con¬ 
crete and reinforced concrete have been limited, but experience, together 
with the results of tests thus far made, indicates that concrete, on account of 
its low rate of heat-conductivity and the fact that it is incombustible, may be 
used safely for fireproofing purposes. The dehydration of concrete probably 
begins at about 500° F. and is completed at about 900° F.; but experience 
indicates that the volatilization of the water absorbs heat from the surrounding 
mass, which, together with the resistance of the air-cells, tends to increase the 
heat-resistance of the concrete, so that the process of dehydration is very 
much retarded. The concrete that is actually affected by fire remains in 
position and affords protection to the concrete beneath it. Tests show that 
temperatures of 1 600° F. on the face of concrete are reduced to 500° F. 2 in 
below the surface in 2 to 4 hours. Limestone aggregate stands excessive heat 
better than granite, trap-rock, sandstone or quartz. The thickness of the 
protective coating required depends on the probable duration of a fire which is 
likely to occur in the structure and should be based on the rate of heat-con¬ 
ductivity. The question of the conductivity of concrete is one which requires 
further study and investigation before a definite rate for different classes of con¬ 
crete can be fully establisned. However, for ordinary conditions it is recom¬ 
mended that the metal in girders and columns be protected by a minimum of 
2 in of concrete; that the metal in beams be protected by a minimum of lj^in 
of concrete, and the metal in floor-slabs be protected by a minimum of 1 in of 
concrete. It is recommended that in monolithic concrete columns, the con¬ 
crete to a depth of 1}^ in be considered as protective covering and not included 
in the effective section. It is recommended that the corners of columns, 
girders and beams be beveled or rounded, as a sharp corner is more seriously 
affected by fire than a round one.” 

Waterproofing Concrete. “ Many expedients have been used to render 
concrete impervious to water under normal conditions, and also under pres¬ 
sure-conditions that exist in reservoirs, dams and conduits of various kinds. 
Experience shows, however, that where concrete is proportioned to obtain 
the greatest practicable density with low water ratio to cement and good 
curing, the resulting concrete is impervious under moderate pressure. A con¬ 
crete of harsh consistency is more or less pervious to water, and compounds of 
various kinds have been mixed with the concrete, or applied as a wash to the 
surface for the purpose of making it water-tight. Many of these compounds 
are of but temporary value, and in time lose their power of imparting imper¬ 
meability to the concrete. In the case of subways, long retaining-walls and 
reservoirs, provided the concrete itself is impervious, cracks may be so reduced 
by horizontal and vertical reinforcement properly proportioned and located, 
that they arc too minute to permit leakage or are soon closed by infiltration of 
silt. Coal-tar preparations applied either as a mastic or as a coating on felt 
or cloth-fabric are used for waterproofing, and should be proof against injury 
by liquids or gases. For retaining-walls and similar walls in direct contact 
with the earth, the application of one or two coatings of hot co&l-t&r pitch to 
the thoroughly dried surface of concrete is an efficient method of preventing 
the penetration of moisture from the earth." 
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Surface-Finish of Concrete. “ Concrete is a material of an individual type 
and should not be used in imitation of other structural materials. One of the 
important problems connected with its use is the character of the finish of 
exposed surfaces. The finish of the surface should be determined before the 
concrete is placed, and the work conducted so as to make possible the finish 
desired. For many forms of construction the natural surface of the concrete 
is unobjectionable; but frequently the marks of the boards and the flat, dead 
surface are displeasing, thus making some special treatment desirable. A 
treatment of the surface either by scrubbing it while green, by rubbing with 
carborundum, or by tooling it after it is hard, which removes the film of 
mortar and brings the aggregates of the concrete into relief, is frequently used 
to remove the form-markings, break the monotonous appearance of the sur¬ 
face, and make it more pleasing. The plastering of surfaces should be avoided, 
for even if carefully done, the plaster is likely to peel off under the action of 
frost or temperature-changes.” 

Quantities of Materials Required per Cubic Yard of Cement Mortar. A 
standard barrel of cement weighs 376 lb and contains about 3.8 cu ft. It has 
been found by experience that 109 lb of cement produces 1 cu ft of cement 
paste of normal working consistency. Nine cubic feet or 981 lb of paste and 
27 cu ft of ordinary building sand will make one cu yd of 1 : 3 straight cement 
mortar. Therefore 2.6 bbl of cement will be required to make 1 cu yd of 
1 : 3 mortar. It has been found when cement is mixed with sand in 1 : 3 
ratio that the bulk of the mixture is not increased beyond the original bulk 
of the sand. 

When 10% of the cement by volume is replaced with hydrated lime, as is 
often done to improve the workable condition of the mortar, the quantities 
required for a cubic yard of 1 : 3 mortar would be as follows, one sack of lime 
weighing 50 lb: 

Cement Lime Sand Lime Cement Sand 

% % Ratio lb Sacks lb cu yd 

90 10 1:3 40 0 8 882 1 00 

In laying common brick the quantity of mortar required to lay 1 000 brick 
varies with the thickness of the wall and the width of the mortar joints. The 
following quantities are based on the standard size brick 8 in X 2J4 in X 3% 
in, with a small allowance for waste: 


Table VI. Mortar Required to Lay 1000 Bricks 



Width of mortar joint 

Kin 

Kin 

% in 

H in 

H in 

H in 

Quantity of 
mortar.... 

4K cu ft 

9 cu ft 

13K cu ft 

18 cu f t 

22K cu ft 

27 cu ft 


Quantities o! Material Required per Cubic Yard of Concrete. Although 
the water-cement ratio method of proportioning concrete is rapidly takiug 
the place of proportioning by arbitrary quantities, the latter method is still 
retained in many building codes and in many architects’ offices. Conse¬ 
quently the processes of calculating the required ingredients will be given 
herein for both methods of proportioning. 
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(1) Arbitrary Quantities. The usual proportions specified, depending 
upon the use to which the concrete is to be put, are 1 : •* 3; 1:2: 4; 

1 : : 5; and 1 :3 :6, the first figure signifying the parts by volume of 

cement, the second figure the parts of sand or fine aggregate, and the third, 
parts of crushed stone or coarse aggregate. 

The amount of cement in barrels is first determined by the formula 


Cement - 


10 


c + s 4- g 


where c - number of parts of cement, s ■» number of parts of fine aggregate, 
g — number of parts of coarse aggregate, and 10 is a number arrived at after 
many experimental trials. The amount of cement being thus determined the 
amounts of fine and coarse aggregate can easily be calculated, since there are 
3.8 cu ft in a bbl and 27 cu ft in a cu yd. The above-mentioned ratios of 
ingredients would give the following amounts of cement in barrels and of 
aggregates in cubic yards: 

1:2:4 Concrete 
10 - 1.43 bbl 


Cement — 

Fine aggregate — 
Coarse aggregate - 

Cement — 

Fine aggregate ■■ 
Coarse aggregate — 

Cement 

Fine aggregate - 
Coarse aggregate — 

Cement 
Fine aggregate 
Coarse aggregate 


1 + 2 + 4 

2 X 1.43 X 3 8 

27 

4 X 1.43 X 3 8 


27 


- 0.4 cu yd 


- 0.8 cu yd 


10 


1 + 3 + 6 
3 X 1 X 3.8 
27 

6X1X38 


1:3:6 Concrete 
- 1.00 bbl 


27 


- 0.42 cu yd 


0.84 cu yd 


1 : 2j^ : 5 Concrete 


10 


1 + 2]/ 2 + 5 

2 5 X 1.23 X 3 8 

27 

5 X 1 23 X 3 8 


- 1.23 bbl 


- 0.43 cu yd 


27 


- 0.86 cu yd 


1 : lj^ : 3 Concrete 


10 


1 + + 3 

1.5 X 1.81 X 38 
27 

3 X 1.81 X 3.8 


- 1.81 bbl 


■» 0.38 cu yd 


27 


■■ 0.76 cu yd 
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These calculations are based upon laboratory conditions and are accurate. 
In the field, however, there is bound to be a certain waste of material, and 
allowances are usually made by builders in calculating the ingredients required 
to produce a full cubic yard of concrete in the required ratio. For this pur¬ 
pose 1 cu yd of coarse aggregate and 3^ cu yd of fine aggregate are often pro¬ 
vided for all mixtures, the amount of cement only being varied for the different 
ratios. Mr. Allen of the Aberthaw Construction Co. of Boston states that 
"when estimating quantities, it is not safe to allow less than the following 
amounts of cement for different proportions of mix.” 


1 :l^:3 mix. 2.00 bbl cement per cu yd 

1:2 : 4 mix. 1.66 bbl cement per cu yd 

1 : 2 3^ : 5 mix. 1 40 bbl cement per cu yd 

1:3 : 6 mix. 1.20 bbl cement per cu yd 


(2) Water-Cement Ratio. In this method the amount of each material 
in the mixture including the water is found by testing experimental samples 
or is taken from tables published by the Joint Committee on Standard Speci¬ 
fications for Concrete and Reinforced Concrete. The volume of the concrete 
is equal to the sum of the absolute volumes of the cement, the aggregates and 
the water, so long as the concrete is plastic. The weights and specific gravi¬ 
ties of the materials are used in calculating the volumes as follows: 


Absolute volume 


unit weight 

specific gravity X unit weight of water 


Suppose that a mixture has been decided upon consisting of one bag of 
cement, 2 cu ft of fine aggregate and 3.7 cu ft of coarse aggregate mixed with 
6.7 gal of water to a bag of cement. The weights may be taken as 94 lb per 
bag or 1 cu ft for the cement, 110 lb per cu ft for the fine aggregate, 100 lb 
per cu ft for the coarse aggregate and 62.5 lb per cu ft for water. The specific 
gravity of cement is 3.1 and of the usual aggregates about 2.65. One cubic foot 
of water contains 7.5 gal.* 


The volume of concrete is computed as follows: 


Cement — 

94 X 1 

« 0.49 cu ft 

3.1 X 62 5 

Fine aggregate — 

110 X 2 

» 1.3 cu ft 

2.65 X 62.5 

Coarse aggregate - 

100 X 3.7 

2.65 X 62.5 

- 2.2 cu ft 

Volume of water — 

62.5 X 6.7 

- 0.89 cu ft 

1 X 7.5 X 62.5 

Total volume of 

concrete 

4.88 cu ft 


The materials required for 1 cu yd of concrete would then be: 


Cement 


27 

4.88 


■» 5.53 bags or 1.38 bbl 


From publications of the Portland Cement Association. 
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5 53 X 2 

Fipe aggregate - --- - -— - 0.41 cu yd 

„ 5.53 X 3 7 

Coarse aggregate --—- - 0.76 cu yd 

Water - 6.7 X 5.53 - 37.25 gal 

Costs of Concrete. The cost of concrete will naturally vary in different 
parts of the country, depending upon the cost of the cement, the aggregates 
and the labor. To the cost of the cement, sand and crushed stone delivered 
at the building site must be added the costs of unloading and storing the 
materials and of power and water. Credits may be deducted from the 
cement cost for returned empty bags and for cash discounts. The labor 
costs depend upon the size of the building and the methods of mixing and plac¬ 
ing the concrete. Mechanical mixers are now used in all but the smallest jobs, 
the size of the mixer depending upon the amount of concrete to be placed and 
the speed of placing. The concrete may be wheeled to the forms by hand 
or may be hoisted up a tower and flowed down spouts and chutes to the forms. 
The cost of a plant with hoists, towers and chutes is high but the labor cost 
of placing the concrete is reduced. 

As an example of the expense of a cubic yard of 1 : 2 : 4 concrete in place 
the following calculation is shown: 


Cement, 1 43 bbl at $2.85. $4 07 

Sand, 0 4 cu yd at $2.10 . .84 

Stone, 0.8 cu yd at $3.00 2.40 

Labor, power and water. 2.30 

Machinery. 1.50 


$ 11.11 

Common labor at 75 cts per hour will vary from $1.50 to $3.00 per cu yd, 
and cost of plant from $1.00 to $3.00. 

If the work be carried on in freezing weather the cost of warming the 
water and aggregates and of protecting the green concrete must be added 
to the total expense per cubic yard. 

The Weight of Concrete varies from 110 to 155 lb per cu ft, according to 
the material used. Concrete of the usual proportions weighs from 140 to 
150 lb per cu ft. Trap-rock concrete weighs from 148 to 155; limestone or 
gravel concrete, from 142 to 148; and cinder concrete from 80 to 115 lb 
per cu ft. 

Commonly used averages are 150 lb per cu ft for stone concrete and 108 lb 
per cu ft for cinder concrete. 

Weights of 110 lb per cu ft for sand and 100 lb per cu ft for crushed stone 
are generally employed in calculating aggregates. 

Earlier Examples of Portland-Cement Concrete.* From the foregoing it 
is seen that for foundation-work reinforced concrete and mass-concrete varies 
in proportions from a 1 : 1^ : 3 to a 1 :3 : 6 mix. Some of the earlier 
examples are added for comparison. 

Foundations of the United States Naval Observatory, Georgetown, D. C.: 
1 part cement, 2^ sand, 3 gravel, 5 broken stone. (1 bbl of cement, 380 lb, 
made 1.18 yd of concrete.) 

* See chapter on Reinforced Concrete. 
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Foundations of the Cathedral of St. John the Divine, New York: 1 pan* 
Portland cement, 2 parts sand, 3 parts quartz gravel of pieces from 1 % to 2 in 
in diameter. (17 000 bbl of cement made 11 000 yd of concrete.) 

Manhattan Life Insurance Building, New York, filling of caissons: 1 part 
Alsen Portland cement, 2 parts sand, 4 parts broken stone. 

Johnston Building (15 stories), New York, filling of caissons: 1 part Port¬ 
land cement, 3 parts sand, 7 parts stone, finished on top for brickwork with 1 
part cement and 3 parts gravel. 

Professor Baker states that the concrete foundations under the Washington 
Monument were made of 1 part Portland cement, 2 parts sand, 3 parts gravel 
and 4 parts broken stone, and that this mixture stood, when six months old, a 
load of 2 000 lb per sq in, or 144 tons per sq ft. 
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CHAPTER IV 

RETAINING-WALLS, BREAST-WALLS AND 
VAULT-WALLS 

By 

GRENVILLE TEMPLE SNELLING 

MEMBER OF AMERICAN INSTITUTE OF ARCHITECTS 

1. Mechanical Principles Involved 

General Principles. Before discussing more in detail the problems relating 
to masonry structures, in which, if improperly constructed, a tendency to slide 
or overturn on their bases may be developed, a familiarity with what are 
known as the theorem or friction and the theorem of the middle third 
will be of assistance in comprehending the methods indicated for rendering 
such structures stable. 

Theorem of Friction. If a body rests on an inclined plane it will remain 
stationary until the angle 4>, that the plane makes with the horizontal. 



Fig. 3 Fig. 4 

Figs. 1, 2, 3 and 4. Body on Inclined Plane. Graphical Representation of Forces 

becomes so great that the friction developed between the surfaces of the 
body and the plane is no longer sufficient to prevent the body from sliding 
down the plane (Fig. 1). 

Assume the body HIJ resting on the plane EF. The weight* of this 
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body is shown graphically by the line AB t applied at its center of gravity A 
(Fig. 2). This weight can be resolved into two component forces, one, AC, 
normal to the inclined plane and the other, AD, parallel to it. It is the 
parallel or tangential force which tends to pull the body down the plane and 
which is resisted by the friction developed between the two surfaces. The 
friction developed between any two surfaces in contact depends upon the 
nature of the materials of which they are composed and the intensity of 
the forces pressing them together; and it resists the tendency to slide only 
up to a certain point. As the angle 0, which the inclined plane makes with 
the horizontal, increases, the tangential component T , of the weight W, 
increases, until it becomes greater than the frictional resistance, and the 
body moves down the plane (Fig. 3). From trigonometry, 

T mm W sin</> 

N - W cos 0, or, T — N tan 0 

There is evidently a position of the plane, intermediate between the posi¬ 
tions shown in Figs. 1 and 3, in which the component force T is just balanced 
by the friction and in which the body remains at rest although just on the 
point of sliding (Fig. 4). If the angle which the inclined plane makes with 
the horizontal, at the moment when the body is just about to slide, be desig¬ 
nated by 0, the friction developed between the two surfaces will be equal to 
N tan 0, since, when the angle of inclination of the plane to the horizontal is 0, 
the tangential component of the weight just balances the friction. From 
the equation T - N tan 0 it is evident that the friction is directly propor¬ 
tional to N and to tan 0 Tan 0 is then known as the coefficient of fric¬ 
tion and 0 as the angle of repose, or, in the case of stone surfaces, it is 
often known as the angle of friction. 

The following Table I gives the average values of these constants as deter¬ 
mined by experiment. 


Table I. Coefficients and Angles of Friction 


Kind of Surface 

Coefficient of 
friction, tan ^ 

Angle of 
friction, <t> 

Granite, limestone and marble: 





Soft dressed upon soft dressed. 

0 

70 

35° 

00' 

Hard dressed upon hard dressed. 

0 

55 

28 

50 

Hard dressed upon soft dressed. 

0 

65 

33 

00 

Stone, brick or concrete: 





Masonry upon masonry. 

0 

65 

33 

00 

Masonry upon wood (with the grain). 

0 

60 

31 

00 

Masonry upon wood (across the grain).... 

0 

50 

26 

40 

Masonry upon dry clay. 

0 

50 

26 

40 

Masonry upon wet or moist clay. 

0 

33 

18 

20 

Masonry upon sand. 

0 

40 

21 

50 

Masonry upon gravel . 

0 

60 

31 

00 

Soft stone upon steel or iron. 

0 

40 

21 

50 

Hard stone upon steel or iron . 

0 

30 

16 

40 


In this discussion only the weight AB (Figs. 2,3 and 4), of the body has been 
considered; but the body might be subjected to the action of other forces 
besides the force of gravity, in which case these other forces would be com¬ 
bined with the weight in order to find the resultant, this resultant being again 
resolved into a tangential and a normal component. Since the angle BAC 
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is equal to the angle FEG (Figs. 2, 3 and 4), given a certain normal pressure 
exerted by the body on the plane, the amount of the tangential pressure T 
depends upon the angle FEG. The problem in actual practice reduces itself 
to so arranging the conditions that no matter what the position of the plane 
may be, the angle <f>, which the resultant IV, makes with the normal N, to the 
plane, will not be greater than the angle of friction or repose. 

Theorem of the Middle Third. When any surface is subjected to pres¬ 
sure from the action of any force or forces, this total pressure may be con¬ 
sidered as a system of an infinite number of parallel forces, equal or 
unequal in intensity. These forces will have a resultant, whose magnitude, 
direction and point of application can be determined, either graphically, 
or by moments, as explained in Chapter VI. The determination of these 
three elements of this resultant force may at times become of the utmost 
importance to the engineer. 

Pressure of this nature is technically known as the stress to which the sur¬ 
face in question is subjected. (See Chapter I.) When the intensity of a 
stress is not the same at different points of a surface, it is called a varying 
stress, while if, on the contrary, its intensity remains the same at every point 
of the surface, it is called a uniform stress. 

When a stress varies it may do so in one or two ways. It may vary uni¬ 
formly, that is to say, in a uniform manner, following some definite law of 
variation, so that, knowing this law, its intensity may be determined for any 
given point of the surface; or non-uniformly, following no law. When a 
stress varies in the former manner it is called a uniformly varying stress. 
This is the case most frequently met with in engineering problems. 



In dealing with isolated forces, such as concentrated loads on a beam, we 
are usually interested in determining the magnitude and point of applica¬ 
tion of the resultant of these forces. When, however, the question is one 
of stress, or of an unlimited number of forces, the problem that usually 
presents itself is one in which the resultant is known, in magnitude, direction 
and point of application, and in which it is required to determine the dis¬ 
tribution of the stress to which the surface is subjected. Or, in actual 
practice, it is required to so arrange the parts of the structure that this 
resultant shall have such a magnitude, direction and point of application 
that the 9tress to which the surface under consideration is subjected shall not 
exceed certain limits of safety, determined beforehand by experience. 
For example, when the resultant of a known amount of pressure or stress 
acts at the center of gravity of the surface subjected to the stress, this 
stress in uniformly distributed oyer the surface. 
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When the resultant acts at a distance of two-thirds the total width of 
the surface from one edge or boundary line of the surface, and at one-third 
the width from the other edge, the stress is uniformly varying; and its 

intensity at the edge farthest 
from the point of application of the 
resultant is zero and at the othei 
edge a maximum or twice the aver¬ 
age stress. When, however, the 
total amount of the stress remain¬ 
ing the same, the point of applica¬ 
tion of the resultant is at a greater 
distance from one edge than two- 
thirds the total width of the sur¬ 
face, a certain part of the surface 
adjacent to the edge furthest from 
theresultant is subjected toasTRESS 
of a contrary nature to that dis¬ 
tributed over the rest of the area; that is to say, if the stress to which the 
major part of the surface is subject is a compressive stress, the stress acting 
on the remainder of the surface is a tensile stress. The stresses in a sur¬ 
face resulting from three different positions of the resultant force may be 
illustrated graphically, as shown in Figs. 5, 6 and 7. 



Fig. 7. Resultant beyond Middle Third 


2. Retalning-Walls 

Definitions. A Retaining-Wall is a wall built to resist the pressure of 
earth, sand, or other filling or backing deposited behind it after it is built, as 
distinguished from a breast-wall or face-wall, which is a similar structure 
built to prevent the fall of earth which is in its undisturbed, natural position, 
but from which part has been excavated, leaving a vertical or inclined face. 
Fig. 8 is an illustration of the two kinds of wall. 



Theories of Retaining-Walls. A great deal has been written on the theory 
OF retaining-walls, and many theories, involving elaborate calculations for 
determining the conjugate pressures in the earth-backing behind the wall, 
have been developed for computing the thrust which a bank of earth exerts 
against such a wall, and for determining the form of wall which offers the 
greatest resistance with the least amount of material. There are so many 
conditions, however, upon which the thrust exerted by the backing depends, 
such as the cohesion of the earth, the dryness of the material, the mode of 
backing up the wall, etc., that in practice it is impossible to determine 
the exact thrust which will be exerted against a wall of a given height. It 
is necessary, therefore, in designing retaining-walls, to be guided by experi¬ 
ence rather than by theory. As the theories of retaining-walls are so vague 
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and unsatisfactory, we shall not include any in this work, but offer, rather, 
such suggestions, rules and cautions as have been established by practice and 
experience. A construction suggested from empirical data, which has been 
found to work well in practice, for determining the thrust of the earth¬ 
backing and the dimensions of the wall to properly resist this thrust, is 
given on the following page. 

In designing a rctaining-wall the backing as well as the wall itself must be 
carefully considered. The tendency of the backing to slip is very much 
less when the material is in a dry state than when it is saturated with w'ater, 
and hence every precaution should be taken to secure good drainage. Besides 
surface-drainage, there should be openings left in the wall for the water which 
may accumulate behind it to escape. 

The manner in which the material is filled against the wall, also, affects the 
stability of the backing. If the ground is made irregular, with steppings, as 
shown in Fig 8, and the earth well rammed in layers inclined down from 
the wall, the pressure will be very trifling, provided that attention is paid to 
drainage. If, on the other hand, the earth is tipped in the usual manner, in 
layers sloping down towards the wall, almost the full pressure of the earth 
will be exerted against it, and it must be made strong enough to withstand 
such pressure. 

Slopes of Repose and Angles of Repose. Cases may occur in practice in 
which the conditions are not such as are shown in Fig. 8, which show's only a 
limited amount of fill or new material put in behind the wall on top of the 
original sIojm; of the grade; cases in which, on the contrary, the w'all has been 
built on the natural surface of the ground with a view to creating an entirely 
new terrace or embankment and where all the material back of the w r all is new. 

All of this material does not beat upon the wall and tend to overturn it, for 
sand or loose earth taken from an excavation and deposited on the surface of 
the ground does not spread itself out like a liquid but piles up in a mound. 
This piling up is due to the friction developed between the separate par¬ 
ticles as they slide one over the other while being dumped. This phenomenon 
is observed in the action of any solid material broken up into separate par¬ 
ticles; and although the slope of the sides of such a mound varies with 
different materials, it is, in general, the same for the same material. The 
angle of this slope is known as the angle of natural slope of the material. 
This angle for the materials generally used for fill is given in the following 
Table II. 

Table II. Slopes of Repose, Angles of Repose and Weights of 
Loose Materials 


Kind of earth 

Slope of 
repose* 

Angle of 
repose 

Weight in 
lb per cu ft 

Sand, clean . 

1 5 to 1 

33° 4F 

90 

Sand and clay . 

1 33 to l 

36 S3 

100 

Clay, dry. 

1 33 to t 

36 53 

100 

Clay, damp, plastic. 

2 to 1 

26 34 

100 

Gravel, clean. 

1.33 to 1 

36 53 

100 

•Gravel and clay. 

1 33 to 1 

36 53 

100 

Gravel, sand and clay. 

1.33 to 1 

36 53 

100 

Soil. 

1.33 to 1 

36 53 

100 

Soft rotten rock. 

1.33 to l 

36 53 

110 

Hard rotten rock. 

1 to 1 

45 00 

100 

Bituminous cinders. 

1 to 1 

45 00 

65 

Anthracite ashes. 

1 to 1 

45 00 

30 


* The slope is that of horizontal to vertical projection. 
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Pressures on Retaining-Walls. Even under the conditions shown in Fig. 8, 
only a part of the filled-in material will exert a pressure on the wail. It would 
be natural to suppose that the part of the fill exerting pressure on the wall 
would be determined by the angle op natural slope, all material from a 
natural horizontal grade up to this angle being able to take care of itself, and 
all the material above the angle needing the wall to hold it in place. Experi¬ 
ment shows that this is not strictly true, for as the earth settles into place cer¬ 
tain forces of internal elasticity and tendencies toward a state of equilib¬ 
rium come into play creating internal stresses which produce the con¬ 
jugate pressures already referred to. The exact determination of these 
internal stresses demands relatively complicated calculations which would 
be out of place in a book of this character. The construction given in the 
following paragraphs for determining the slope of the cleavage-plane, 
between that part of the backing which sustains itself and the triangular fill 
which actually bears on the wall, is sufficiently accurate, however, for all 
practical purposes. 

The Slope of the Cleavage-Plane. The following construction (Figs. 9 
and 10), based upon empirical data, for determining first, the prism of earth 



Fig. 9. Method of Determining the Prism of Earth 


•vhich exerts pressure on the back of the wall and secondly, the proper dimen¬ 
sions for the wail, has been found to work well in practice, when certain neces¬ 
sary precautions are taken. These include proper drainage behind the wall, 
proper ramming of the fill and efficient bracing of the wall during its con¬ 
struction. 

In the calculations to determine the pressure of the earth and the weight of 
the wall, a slice 1 ft thick is first considered. Then the area of the triangle 
ABE is proportional to the volume and weight of the slice of earth causing 
pressure on the wall, and as the area of the cross-section of the wall is propor¬ 
tional to the volume and weight of the slice of the wall itself. 

To determine the prism of earth which exerts pressure against the back of 
the wall, decide first upon the batter to be given to the back of the wall. In 
this case it made 80° with the horizontal, an angle slightly greater than that 
advised by Trautwine. Draw BH (Fig. 9), making an angle ABH, equal to 
2 with the back of the wall; continue this line until it meets at U the slope 
of the surface of the earth back of the wail, prolonged. From A , the top of 
the wall, draw AJ parallel to BF the natural slope of the fill. This has been 
taken at 35°, as a fair average value. Erect a perpendicular from the middle 
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of JB , and with any point, 0, as a center, on this perpendicular, describe 
an arc passing through J and B. Draw HO and bisect it, and with O' as a 
center and O& as a radius, describe the arc cutting the arc JKB at K. Again, 
with a radius HK and with H as center, describe the arc KL, and finally, 
from L , draw LE parallel to J A. The intersection of this line with the sur¬ 
face of the ground locates the point E. The line EB is the line of the cleav¬ 
age-plane which separates the part of the backing which bears against the 
wall from the part which exerts no lateral pressure. 



Having found the dimensions of tiie volume of e\rth, the thrust of which 
must be resisted by the wall, the next step is to determine what the dimen¬ 
sions of the wall should be to properly resist this thrust. Usually one or 
two trials are necessary before the proper solution of the problem is found. 
In the example given, a preliminary trial was made with a thickness at the 
base of 4 ft. This construction is shown with the green lines (Fig. 10). 

After drawing the triangle representing the base of the prism of earth, find 
its center of gravity, G (Chap. VI). From this point draw two normals, one to 
the back of the wall and the other to the line of the cleavage-plane. Draw 
the two lines, GM and GN, making angles <t> with these normals. Lay off ver¬ 
tically from the center of gravity, at any convenient scale of so many square 
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inches to the linear inch, the area of the triangle of the base ©f the prism, the 
area, as already explained, being proportional to the volume of the prism and 
its weight. Resolve this weight-line along the two lines GM and GN (Chap. 
VI). This will give the magnitude and direction of the thrust or pressure 
of the earth against the wall. Apply this pressure at a point on the back of 
the wall one-third of the distance from the bottom, as shown by the arrow. 
This is the force which may tend to overturn the wall and which tends to 
make it slide along the base. (See Fig. 6.) 

To resist these overturning and sliding-tendencies, the weight of the wall 
combined with the pressure of the earth behind it should produce a resultant 
which satisfies the following conditions. First, its magnitude should not 
be great enough to cause a unit pressure on the foundation-bed greater than 
it can safely bear; secondly, it should pass within the middle third of the base 
so that the stress over the entire area of the base will be a compressive stress; 
and thirdly, it should make an angle with a normal to the plane of the founda¬ 
tion-bed not greater than the angle of friction between the stone, brick¬ 
work, concrete, or other masonry of the footings and the sand, clay, or rock 
of the foundation-bed. 

In order to determine these conditions, the center of gravity of the cross- 
section of the wall must be determined and a vertical line drawn through this 
point until it intersects the line of the earth-thrust produced. It is at this 
intersection of the lines of action of the two forces that their resultant 
acts. To find the center of gravity of the cross-section of the wall, the 
method of dividing the trapezoid into two triangles has been followed, the 
center of gravity of each triangle being found and these two points being 
joined by a line. The intersection of this line with the median line drawn 
between the base and the top of the wall is the center of gravity of the trape¬ 
zoid. In this example, for convenience, the scale used for the composition 
of the forces of the pressure of the earth and the weight of the wall is one-half 
the scale used for the resolution of the forces representing the weight of the 
earth-prism. 

In the first trial, shown by the green lines, the first and third conditionc 
necessary to insure stability are fulfilled; but the second is not, the resultant 
passing outside the meddle third of the base. This indicates, theoretically, 
a slight tensile stress or a tendency for the joints at the back of the wall to 
open. Another trial, therefore, is shown with the red lines, the thickness of 
the wall being increased as shown by the rectangle CC'D'D, In this second 
trial the weight of the wall is necessarily increased while the earth* thrust 
remains the same. As in this case the resultant passes within the middle 
third, it is concluded that a wall of these dimensions, 5 ft base by 10 ft height 
and with an 80° batter, will be safe and will properly resist the thrust of the 
earth-backing. 

Details of Construction. Retaining-walls are generally built with a batter¬ 
ing, that is, a sloping face, as walls of this form are the strongest for a given 
amount of material; and if the courses are inclined down towards the back, 
the tendency to slide on each other will be resisted, and it will not be neces¬ 
sary to depend upon the adhesion of the mortar. The importance of making 
the resistance independent of the adhesion of the mortar is obviously very 
teat, as it would otherwise be necessary to delay the backing up of the wall 
until the mortar had thoroughly set, which might require several months. 

In brickwork it is advisable to let every third or fourth course below the 
frostline project an inch or two. This increases the friction of the earth 
against the back and causes the resultant of the forces acting behind the wall 
to become more nearly vertical, and to fall farther within the base, increasing 
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the stability. It also conduces to strength to make the courses of varying 
heights throughout the thickness of the wall, and to have some of the stones, 
especially those near the back, sufficiently high to extend through two or 
three courses. By this means the whole masonry becomes more effectually 
interlocked or bonded together as one mass and is less liable to bulge. The 
courses of masonry are often laid with their beds sloping in, as in Fig. 15, to 
overcome the tendency of the courses to slide on each other. 

Where the ground freezes to a great depth, the back of the wall should be 
sloped forward for three or four feet below its top surface, as at OC (Fig. 11), 

""V 
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Fig. 11. Retaining-wall for Deep- Fig. 12. Retaining-wall Fig. 13. Retaining- 
freezing Earth with Rectangular Cross- wall with Triangular 

section Cross-section 




and this slope should be quite smooth, so as to lessen the hold of the frost and 
prevent displacement. 

Figs. 12, 13, 14 and 15 show the approximate relative vertical sectional 
areas of walls of different shapes that would be required to resist the pressure 
of a bank of earth 12 ft high. The first three examples are calculated to resist 
the maximum thrust of wet earth, while the last shows 
the modified form usually adopted in practice. 

Notes on the Thickness of 
Retaining-Walls. As has been 
stated, about the only practical 
rules for retaining-walls are the 
empirical rules based upon ex¬ 
perience and tests. Trautwine* 
gives the following Table III for 
the thickness at the base of 
vertical retaining-walls with a 
sand backing deposited in the 
usual manner. The first column 
contains the vertical height CD 
(Fig. 16) of the earth as compared 
with the vertical height of the 



Fig. 14. Retaining-wall 
with Triangular Cross- 
section. Area, 42 sq in 



wall with Stepped 
Back 


wall, AB. The latter is assumed to be 1, so that the table begins with a 
backing of the same height as the wall. These vertical walls may be battered 
to any extent not exceeding 1A in to 1 ft, or 1 in 8, without affecting their 
stability and without increasing the base. 

If the wall is built as in Fig. 17, with the ground practically level with the 
top, the top of the wall should be not less than 18 in thick, and the thicknesses 
at a, a, etc., just above each step, should be from one-third to two-fifths of the 

• The Civil Engineer’s Pocket-Book, John C. Tr&utwine. 
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Table m. Proportions of Retaining-Walls 

(Thickness of wall at the base in parts of the height, AB, Fig 16) 


Total height of the earth 
compared with the height 
of the wall above ground 

Wall of cut 
stone in mortar 

Wall of rubble 
or brick, 
good mortar 

Wall of good, 
dry rubble 

1 

0 35 

0 

40 

0.50 

1.1 

0 42 

0 

47 

0 57 

1 2 

0 46 

0 

51 

0 61 

1.3 

0 49 

0 

54 

0 64 

1.4 

0.51 

0 56 

0 66 

1.5 

0 S 2 

0 

57 

0 67 

1.6 

0 54 

0 

59 

0 69 

1.7 

0.55 

0 

60 

0 70 

1.8 

0 56 

0 

61 

0.71 

2 

0 58 

0 

63 

0 73 

2.5 

0 60 

0 

65 

0 75 

3 

0 62 

0 

67 

0 77 

4 

0 63 

0 

68 

0 78 

6 

0.64 

0 

69 

0 79 

14 

0 65 

0 

70 

0.80 

25 

0 66 1 

0 

71 

0 81 

or more 

0 68 

0 

73 

0 83 


height from the top of the wall to each of these levels. If the earth is banked 
above the top of the wall, the thicknesses should be increased as indicated by 
the table given above. If built upon ground that is affected by frost or sur¬ 
face-water, the footings should be carried sufficiently below the surface of the 
ground at the base to insure against heaving or settling. 


C 



Fig. 16. Retaining-wall with Raised Sand Fig. 17. Retaining-wall with Stepped 
Backing Back 


Reinforced-Concrete Retaining-Walls. With the constantly increasing 
use of reinforced concrete for various purposes, there has come, also, the 
construction of retaining-walls in this material. Figs. 18,* 19* and 20* 
show three designs by A. L. Johnson for retaining-walls to satisfy the require- 

* Plain and Reinforced Concrete, Taylor and Thompson. 
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ments of banks 5, 10 and 20 ft high. The wall shown in Fig. 20 is reinforced 
at intervals with counterforts. The walls themselves in Figs. 18 and 19 
act as cantilever beams. The footings, in all three cases, are subjected 
to two principal external forces, the resultant of the resisting upward pres¬ 
sure of the foundation-bed and the resultant of the downward pressures of 
the fill. In Fig. 20 the coping acts as a beam fixed at both ends, with a 
span equal to the distance between the counterforts, and loaded with the 



Fig. 18. Reinforced-concrete Fig. 19. Reinforced-concrete Retaining-wall, 10 
Retaining-wall, 5 ft High ft High 

proper proportion of the load due to the pressure of the fill behind the wall 
and transmitted to the coping by the wall. The wall itself in this case acts 
as a floor-slab supported on all four sides and subjected to an approximately 
evenly distributed load. The counterforts are in tension. The maximum 
bending moments for these various cases can be determined (Chapter IX) 
and the necessary dimensions and reinforcement to be provided decided 
by the rules given in Chapter XXIII. 

3. Breast-Walls 

Breast-Walls. Where the ground to be supported is firm, and the strata are 
horizontal, the office of a breast-wall (Fig. 8) is more to protect than to 
sustain the earth. It should be borne in mind that a trifling force skillfully 
applied to unbroken ground will keep in its place & mass of material, which, 
if once allowed to move, would crush a heavy wall. Great care, therefore, 
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should be taken not to expose the newly opened ground to the influence ol 
air and water longer than is requisite for sound work, and to avoid leaving 
the smallest space for motion between the back of the wall and the ground. 
The strength of a breast-wall must be proportionately increased when the 



strata to be supported incline down towards the wall; where they incline 
down from it, the wall need be little more than a thin facing to protect the 
ground from disintegration. The preservation of the natural drainage 
is one of the most important points to be attended to in the erection of breast- 
walls, as upon this their stability in a great measure depends. No rule* can 
be given for the best way to do this; it is a matter for attentive consideration 
in each particular case. 

4. Vault-Walls 

Vault-Walls. In large cities it is customary to utilise the space under the 
sidewalk for storage or other purposes. This necessitates a wall at the curb- 
line to hold back the earth and the street-pressures and also the weight of the 
sidewalk. Where practicable the space should be divided by partition-walls 
about every 10 ft, and when this is done the outer wall may be advanta- 
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geously built of hard bricks in the form of arches, as shown in Fig. 21. The 
thickness of the arch should be at least 16 in for a depth of 9 ft and the kiss 
of the arch from one-eighth to one-sixth of the span. If partitions are not 
practicable, each sidewalk- 
beam may be supported by a 
heavy I-beam column, with 
either flat or segmental arches 
between, of either brick or con¬ 
crete. Fig. 22 shows a detail 
of the outer walls of the vault 
under the sidewalk around the 
Singer Building, New York 
City. These walls consist of a 
core formed by two-ring brick 
arches with vertical axes, built 
between the flanges of 8-in ver¬ 
tical steel I-beams spaced about 
5 ft apart and bedded at the Fig 21. Vault-wall with Partitions 

bottom in a concrete footing. 

Their tops are joined by 6-in horizontal I-beams and braced laterally by the 
sidewalk-beams, 5 ft apart. The arches themselves are segmental, with a 




Fig. 22. Vault-walls of Singer Building, New York City 


rise of about 6 in, and are built up solid against an 8-in outside face-wall. A 
4-in plain curtain wall is built inside against the flanges of the vertical beams, 
inclosing segmental air-chambers in front of each arch. 
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CHAPTER V 

STRENGTH OF BRICKS, STONE, MASS-CONCRETE 
AND MASONRY * 

By 

CHARLES M. GAY 

PROFESSOR OF ARCHITECTURAL CONSTRUCTION, UNIVERSITY OF PENNSYLVANIA 

1. Crushing Strength of Stonework, Brickwork, Bricks, 

etc. 

Stresses in Masonry. By the term strength of masonry is generally 
meant its resistance to a direct compressive force or load, and this is the only 
direct stress to which masonry should be subjected. Stone lintels and footings 
may be subjected to a transverse or bending stress, but they can hardly 
be included in the term masonry, as they consist of single pieces. There are 
also tendencies to bend and to split apart in brick walls and piers, as they are 
usually high in proportion to their lateral dimensions, but the stresses thus 
developed cannot be accurately determined and should be avoided as much as 
possible. It is impossible to fix values for the strength of brickwork or stone¬ 
work with anything like the exactness possible for wooden or steel members, 
for the reason that there is not only a great variation in the strength of differ¬ 
ent kinds of brick and stone, even when taken from the same kiln or quarry, 
but the strength of walls and piers is also greatly affected by the kind and 
quality of the mortar used, the way in which the work is built and bonded, 
and the amount of moisture in the materials when they are laid. All that 
can be done, therefore, is to give values which will be safe for the different 
kinds of masonry built in the usual manner. 

Working Compressive Strength of Masonry. The building laws of most 
of the larger cities of this country specify the maximum loads per square foot 
allowed to be placed upon different kinds of masonry, and these laws must 
govern the architects in such cities. When there is no restriction of this kind, 
Table I gives an idea of the maximum loads which it is safe to put upon the 
different kinds of work mentioned. Table II gives the maximum safe loads 
specified in the building laws of several cities, and the remaining tables of the 
chapter give records of numerous tests made to determine the ultimate com¬ 
pressive strengths of various kinds of brick, terra-cotta block, building stone, 
mortar and concrete, and are of value in determining the safe loads for special 
cases. In determining the safe compressive resistance of masonry from tests 
on the ultimate compressive strength of work of the same kind, a factor of 
safety of at least 10 should be allowed for piers and 20 for arches. 

* This chapter has been revised and rewritten from the original chapter by the late 
Thomas Nolan. 
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Table I. Safe Working Loads for Masonry—Compression 

In pounds per square inch 
Natural Stone 


Sandstone .... 

... 400 

Limestone. . . 

. . . 700 

Slate. 

... 1000 

Marble. 

... 600 

Granite. 

... 1 000 




Brickwork 


Grade of brick 

Allowable working stresses 

Av 

Portland 

Natural 

Cement 

Lime 

compressive 

cement 

cement 

lime mortar 

mortar 

strength 

mortar 

mortar 



8 000 plus 

400 

300 

300 

100 

4 500 to 8 000 

250 

200 

200 

100 

2 500 to 4 500 

175 

140 

140 

75 

1 500 to 2 500 

125 

100 

100 

50 


Masonry 



Portland 

cement 

mortar 

Natural 

cement 

mortar 

Cement 

lime 

mortar 

Lime 

mortar 

Dressed ashlar granite . 

800 

640 

640 

400 

Dressed ashlar limestone .. . . 

500 

400 

400 

250 

Dressed ashlar marble ... . 

500 

400 

400 

250 

Dressed ashlar sandstone. 

400 

320 

320 

160 

Rubble stone. 

140 

100 

100 


Hollow clay or cinder block 

80 

70 

70 


Solid clay or cinder block 

125 

100 

100 


Neat cement grout, under bases 

1 000 


Stone Concrete 

1:2:4 mixture; 7^ gal of water to 1 bag cement 


In direct compression. 

. . 500 

Shear . 

. 40 

Bending in extreme fiber.. . . 

. . 650 




Cinder Concrete 
1:2:5 mixture 


Compression 


300 
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Mortar 


Portland-cement mortar, l cement, lime, 3 sand_ 

Cement-lime mortar, 1 cement, 1 lime, 6 sand. 

Cement-lime mortar, 1 cement, 1 lime, 4 sand. 

Lime mortar, 1 lime, 3 sand. 


Pounds per 
square inch 

325 

125 

200 

40 


The following safe working stresses for brick and stone masonry and 
concrete are given in the Chicago Building Code: 


Common bricks, crushing strength 1 800 lb per sq in: 

In lime mortar. 

In lime-and-cement mortar. 

In natural-cement mortar. 

In Portland-cement mortar. 

Select, hard, common bricks, crushing strength equal 
to 2 500 lb per sq in: 

In 1 part Portland cement, 1 lime-paste and 3 sand.. 

In 1 : 3 Portland-cement mortar . 

Pressed and sewer-bricks, crushing strength equal to 
5 000 lb per sq in: 1:3 Portland-cement mortar. . 

Paving bricks, in 1 : 3 Portand-ccment mortar. 

Concrete, natural cement, 1:2:5 . 

Concrete, Portland cement, 1:3:6, machine-mixed... 
Concrete, Portland cement, 1:3:6, hand-mixed. 
Concrete, Portland cement, 1 : 2 : 4, machine-mixed.. 

Concrete, Portland cement, 1 : 2 : 4, hand-mixed. 

Rubble, uncoursed, in lime mortar. 

Rubble, uncoursed, in Portland-cement mortar. 

Rubble, coursed, in lime mortar. 

Rubble, coursed, in Portland-cement mortar. 

Ashlar, limestone, in Portland-cement mortar. 

Ashlar, granite, in Portland-cement mortar. 

Committee on Code Requirements for Indiana lime¬ 
stone recommends: 

Limestone-ashlar masonry, in lime mortar, equivalent 

to 1 : 3 cement-and-lime mortar. 

In natural-cement-and-lime mortar, 1 : 3 . 


Lb per 

Tons per 

sq in 

■q ft 

100 

m 

125 

9 

150 

10 % 

175 

12 % 

175 

12% 

200 

14% 

250 

18 

350 

25% 

150 

10% 

300 

21% 

250 

18 

400 

28% 

350 

25% 

60 

4% 

100 

7% 

120 

8% 

200 

14% 

400 

28% 

600 

43% 


200 to 250 14% to 18 
400 to 500 28% to 36 


Brick Piers. As a rule brickwork is subject to its full safe resistance only 
when used in piers, and in small sections of walls, under bearing-plates. In 
the latter case but a few courses receive the full load, and hence a greater unit 
stress may be allowed than for piers. Aside from the quality of the work and 
materials the two elements which most influence the strength of brick piers 
are the ratio of height to least lateral dimension and the method of bonding. 
When the height of a brick pier exceeds six times its least lateral dimension the 
load per square foot should be reduced from the values given in Table I. 

Formulas for the Safe Strength of Brick Piers exceeding six diameters in 
height. From the records of numerous tests on the strength of brick piers, 
from some formulas published by Ira O. Baker, and also from personal obser¬ 
vation* Mr. Kidder deduced the following formulas for the maximum working 
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Table II. Comparison of Building Laws 


Materials 


New 

York, 

1927 

Phil¬ 

adel¬ 

phia, 

1929 

Chi¬ 

cago, 

1928 

Den¬ 

ver, 

1927 

San 

Fran¬ 

cisco, 

1928 

Allowable pressure, 
lb per sq in 

Granite. 

830 

1 000 


600 

800 

400 

M arble 

5 SO 

600 



500 


Limestone 

550 

700 


400 

500 


Sandstone 

415 

Kid] 


400 

400 


Rubble, coursed 


140 


200 

140 

.... 

Rubble, ordinary . . 


no 

70-140 

100 



Hard-burned brick Lime 







mortar 

no 

110 

95 

mum 

90 

100 

Hard-burned brick. Lime and 







cement mortar 

200 

160 

200 

175 

130 

140 

Hard-burned brick. Portland- 







cement mortar. . 

275 

250 

250 

200 

170 

200 

Stone concrete, 1:2:4 

450 

500 

400* 


400 

750 

Stone concrete, l : 2 1 2 • 5 . 

360 

KTftl 


350 



Stone concrete, 1:3:6.. . . 

290 



300 




f 150 

100 

80 

350 

80 


Hollow T -C block . 

< 







l gross 

gross 

gross 

net 

gross 



f 100 

75 

80 


80 


Hollow concrete block. 








l gross 

gross 

gross 


gross 


Grout-Neat Portland cement 

830 

1 000 






* For 2 OOO-lb concrete. For stronger concrete 20% of ultimate strength may be used 
for allowable compressive stress. 


loads for first-class brickwork in piers whose height exceeds six times the least 
lateral dimension. 

For piers laid with rich lime mortar: 

Safe load per square inch *-110 — 5 HJD (1) 

For piers laid with 1 : 2 natural-cement mortar: 

Safe load per square inch * 140 — HfD (2) 

For piers laid with 1 : 3 Portland-cement mortar: 

Safe load per square inch = 200 — 6 HJD ($) 

H representing the height in feet, and D the least lateral dimension in feet.* 
For a pier 20 ft high and 2 ft square these formulas will reduce the safe load 
to 4.3 tons per sq ft for lime mortar, 6.1 tons for natural-cement mortar and 
10 tons for Portland-cement mortar. No pier over 8 ft high should be less 

* For niers faced with pressed bricks, laid with joints in or less in thickness, and 
backed with common bricks in lime mortar, only the dimensions of the backing should be 
considered in figuring their strength If the backing Is laid in cement mortar and the 
face-bricks are well tied to the backing, the full section of the pier may be considered. 
For piers veneered with stone or terra*cotta, 4 in thick, only the strength of the 
backing should be considered. 
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than 12 by 12 in in cross-section and when from 6 to 8 ft high piers should be 
at least 8 by 12 in in cross-section. 

The following is the Chicago law (1928): “Isolated piers of concrete, brick 
or masonry shall not be higher than six times their smallest dimensions unless 
the above unit stresses are reduced according to the following formula: 

P - C (1.25 - Z7/20 D) (4) 

in which P is the reduced allowed unit load, C the unit stress above referred 
to, H the height of the pier in feet and D the least dimension of the pier in feet. 
No pier shall exceed in height twelve times the least dimension. The weight 
of the pier shall be added to other loads in computing the load on the pier.” 

Brick piers intended to carry more than 50% of the safe loads given above 
should not be built in freezing weather nor with dry bricks. Lime mortar 
should never be used for building piers. 

Effect of Bond on the Strength of Brickwork. Brick piers, loaded to the 
point of destruction, fail by the splitting and bulging out of the piers them¬ 
selves, following bending and shearing stresses in the bricks and not by 
direct crushing of the bricks, showing that piers are weakest in their bond 
and mortar beds and in the tensile or transverse strengths of the bricks. It 
is very important, therefore, to have the brickwork well bonded, and all 
joints smoothly filled with mortar. The strength of a brick pier intended to 
carry an extreme load would probably be increased by bonding frequently 
with hoop-iron in addition to the regular brick-bond. 

Bond-Stones in Brick Piers. Many competent architects and builders 
consider that the strength of a brick pier is increased by inserting bond-stones, 
from 5 to 8 in in thickness and the full size of the pier in cross-section, every 
3 or 4 ft in height. 

For example, the Building Laws for the City of New York (1927) require 
bond-stones every 30 in in height, and at least 4 in in thickness, to be built into 
brick piers which contain less than 9 superficial feet of section, and which 
support any beam, girder, arch, or column on which a wall rests, or lintel 
spanning an opening over 10 ft and supporting a wall. The New York law? 
allow perforated steel or cast-iron plates of the full cross-section of the pier to 
be used instead of the bond-stones. On the other hand, there are many 
architects who consider that bond-stones in a brick pier do more harm than 
good, and the author is of the opinion that this is generally the case. The 
Boston Building Laws do not require intermediate bond-stones. If bond- 
stones are used, they should be bedded so as to bear rather more heavily on 
the inner portion of the pier than on the outer 4 in, for unless this is done the 
outer shell will take most of the load, and will be likely to bulge away from the 
core. A pier which supports a girder or column should have a cap-stone or 
iron plate of sufficient strength to distribute the pressure over the cross-section 
of the pier. 

Walls Faced with Stone, Terra-Cotta, or Cement Blocks. Brick walls 
faced with blocks or ashlar of any material should always have the backing 
laid in cement mortar. The aggregate thickness of the mortar joints in the 
backing is so much greater than in the facing, that any shrinkage or com¬ 
pression of the mortar tends to throw undue weight on the facing and to sepa¬ 
rate it from the backing. Veneering generally should be tied to the backing 
at least every 18 in in height. Stone courses, up to about 36 in in height, 
usually have anchors in the bed-joints only. Anchors are placed in the side 
joints also, when the height of the courses is more than 36 in. The Building 
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Ordinances of several large cities require that all bearing walls faced with 
bricks laid in running bond, and all walls faced with stone ashlar less than 8 in 
thick, shall be of such thickness as to make the wail independent of the facing 
conform to that required for unfaced walls. Ashlar 8 in thick and bonded into 
the backing may be counted as part of the thickness of the wall, the allowable 
stress of the backing then being used in calculating the wall. 

Crushing Height of Bricks and Stone. If we assume that the weight of 
brickwork is 120 lb per cu ft, and that it would commence to crush under 700 lb 
per sq in, then a wall of uniform thickness would have to be 840 ft high before 
the bottom courses would commence to crush from the weight of the brick¬ 
work above. Average sandstones, at 145 lb per cu ft, would require a column 
5 950 ft high to crush the bottom stones, and an average granite, at 165 lb 
per cu ft, would require a column 10 470 ft high. The Merchants’ shot- 
tower at Baltimore is 246 ft high, and its base sustains a pressure of 6j^ tons 
per sq ft, the tons being long tons of 2 240 lb. The base of the granite pier of 
Saltash Bridge (by Brunei), of solid masonry to the height of 96 ft, and sup¬ 
porting the ends of two iron spans of 455 ft each, sustains 9j/£ tons per sq ft. 

Stone Piers. Piers of good strong building stone laid in courses the full 
cross-sections of the piers, with the top and bottom courses bedded true and 
even, may be built to support very heavy loads. The height of such piers, 
however, should not exceed ten times the least lateral dimension, and when it 
exceeds eight times the thickness, the load should be reduced. The joints 
should not exceed in in thickness and should be spread with 1 : 3 Portland- 
cement mortar, kept back 1 in from the face of the pier to prevent spalling of 
the edges. A test of the strength of a limestone pier 12 in square is described 
under Marbles and Limestones, in this chapter. Rubble-work should not be 
used for piers whose height exceeds five times the least dimension, or in which 
the latter is less than 20 in. 

Compressive Tests on Brick Piers and Walls. Two very instructive series 
of tests have recently been made by the Bureau of Standards at Washington, 
one on large brick piers by Mr. J. G. Bragg and the other by Messrs. Stang, 
Parsons and McBurney on large sections of brick walls. It has been shown 
by experience in testing a wide range of materials that there is a distinct 
divergence between the strength as shown by tests on small specimens ana 
the actual strength obtained in practice with full-sized material. The impor¬ 
tance; of these recent tests upon brick piers and walls lies in the fact that tht 
specimens approached much more closely to the true conditions in building, 
the piers being uniformly 10 ft 0 in high with areas of 79 to 1 024 sq in, and 
the walls being all 6 ft 0 in long and 9 ft 0 in high. 

Table III gives the results of Mr. Bragg’s tests, as published in Technologic 
Paper No. 111. The bricks were of three varieties: (1) best hard-burned, 
(2) medium-burned, (3) soft-burned, inferior qualities, and were selected from 
four districts, Pittsburgh, New York, Chicago, and New Orleans. 

The conclusions deduced from the tests may be briefly summarized as 
follows: 

(l) The primary failure of brick piers is caused by transverse failure of the 
individual bricks rather than by crushing of the bricks. Therefore the com¬ 
ponent parts of the pier should be made as deep as possible, by laying the 
bricks on edge and by breaking joints every few courses instead of every 
course. Likewise the mortar joints should be as thin as possible and of uni¬ 
form thickness, and for this reason regularity in the shape of the bricks is 
important. 



Table m. Compressive Strength of Large Brick Piers 

Pittsburgh district—cement mortar 

Pier® 
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Pittsburgh district—lime mortar 
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Table IV 

(A) Walls of series 1 
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Wall strength 

Aver¬ 

age 

flioioioOOOOO'OCin m 
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M, _,N‘O'O0C'i'OfOiflO^io i- 

£ « H N 


OQOO»oO»oO»o 

"■*$Onco«oooiooo<o 

aHN«ooooo'*5'C 


lb per 
sq in 

315 

590 

580 

250 

580 

760 

1 340 

1 710 

965 

755 

1050 

1 405 

2 915 

tt 

fed©©© o m m 

S *a to m to . m m . 

^ _,n \o N . . ,(OIOO 

jfi s 

905 

1 175 

1 875 

870 

925 

895 

1 405 

2 950 
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Average 

secant 

modulus 

of 

elasticity 

lb per 
sq in 

54 000 
459 000 
554 000 
493 000 
974 000 

2 040 000 
69 600 
556 000 
686 000 
379 000 
509 000 

453 000 

638 000 

1 031 000 

2 049 000 

1 041 000 

1 014 000 

727 000 

767 000 

1 300 000 

2 360 000 
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Curing 

conditions 

s 

c o o o o o o o odd o 

V^’O’O’O'd’O'O’O’O'd'O *o 

6 

Ordinary 

do 

do. 

do. 

do. 

do. 

Wetted 

Ordinary 

do. 

A « 

as’SS 

2 hmn o 

Furrowed 

do. 

do. 

do. 

Spread 

Furrowed 

do. 

do 

do. 

do 

do 

do. 


Kind of brick 

f Chicago 
l do. 

do 

Mississippi 

do 

• New England 
Chicago 
do 
do 

Mississippi 

do 

do 

f Detroit 

j Mississippi 

» New England 

Chicago 

do 

Detroit 

do 

Mississippi 
New England 

1 

s 

5 

Lime 

Cement-lime 

Cement 

Lime 

Cement-lime 

Cement 

do 

do 

do 

■ 

_ 



Type of wall 

8-in solid. 

12-in solid. 

8-in all-rowlock... 
8-in all-rowlock 
(Flemish bond) 
8-in rowlock-back 

8-in solid. 
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(B) Walh of series 2 (continued) 
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(B) Walls of senes 2 (continued) 
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(2) The kind of mortar used is important. Pure lime mortar gave the 
weakest results, but it was found that in a mortar of 1 part Portland cement 
to 3 parts sand, 25% by volume of the cement could be replaced by hydrated 
lime without affecting the strength of the piers. The workability of the 
mortar was likewise improved and smoother, more even beds and fuller 
joints resulted. Equal parts by volume of cement and lime, however, caused 
a lessening in the strength of the piers. 

(3) Varying the number of header courses does not appreciably affect the 
ultimate strength of the pier, but its strength is slightly increased by the 
introduction of wire mesh in all horizontal joints. This increase did not 
take place, however, when the mesh was introduced in every fourth joint only 

The wall tests of Messi's. Stang, Parsons and McBurney, published in 
Research Paper No. 108, are as follows: 

The foregoing investigation deals with the compressive tests under central 
loading of 168 brick walls each 6 ft long and about 9 ft high and of 129 wall- 
ettes or small walls each about 18 in long and 34 in high, each wallette corre¬ 
sponding in kind of brick, method of laying, mortar mixture, and workman¬ 
ship with one of the large walls. It was expected that tests upon sample 
wallcttes exactly similar in every way except in size would give a more con¬ 
sistent measure of the strength of a proposed construction than would tests 
upon individual bricks, since the laying, mortar, and workmanship are such 
important factors in the strength of any brick masonry. These tests verify 
this supposition, the solid walls averaging in strength about 86% of the 
strength of the wallcttes, and the hollow walls about 77%. The strengths 
of the solid walls were more closely related to the shearing strength of the 
brick than to the compressive or tensile strength. 

The workmanship was divided into two types. In the first, the walls were 
built by contract on a lump sum basis without supervision, the longitudinal 
vertical joints being very short of mortar and the horizontal beds deeply 
furrowed with the trowel. In the second type the walls were laid up by day’s 
work with careful supervision. The vertical joints were well filled and the 
horizontal mortar beds smoothly spread. 

The first type were built of Chicago brick and the average strengths of the 
walls with various mortars were as follows, the strength of a half-brick flatwise 
being 3 280 lb per sq in. 

Lime mortar avails . . 287 lb per sq in 

Cement lime mortar walls. 587 lb per sq in 

Cement mortar walls. . 661 lb per sq in 


For the second type the results were as follows: 


Kind of brick 

Compressive 
strength of 
half-brick 
flatwise 

Chicago. 

lb per in 

3 280 

Detroit . 

3 580 

Mississippi... 

3 410 

New England. 

8 600 


Average compressive 
strength of solid walls 


Cement-lime 

mortar 


Cement 

mortar 


lb per a* in lb per sq in 

. 895 

945 1 145 

1 300 1 550 

1 875 2 855 


945 
1 300 
1 875 
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It is seen that both the kind of mortar and the workmanship very materially 
affect the strength of the walls. Those in which the beds were smooth and 
the vertical joints well filled were stronger than walls in which the mortar 
beds were furrowed by from 24 to 109%. 

The tests also show that the strengths of hollow walls varied about as the 
net area in compression. 

2. Strength of Terra-Cotta and Terra-Cotta Piers 

General Properties of Terra-Cotta. The lightness of terra-cotta, combined 
with its great compressive strength, together with its relatively high resistance 
to the effects of heat and fire, renders it an especially valuable building mate¬ 
rial. Terra-cotta for building purposes, whether plain or ornamental, is 
generally made of hollow blocks formed with webs to give extra strength and 
keep the work true while drying. This is necessary because good, well- 
burned terra-cotta cannot safely be made more than about in thick, 
whereas, when required to bond with brickwork, it must be at least 4 in thick. 
When the terra-cotta work does not project beyond the face of the wall these 
hollow spaces are generally filled with concrete or brickwork. 

Although individual hollow tile show greater strength when tested on end 
than on the sides, this advantage does not in general hold true when the tile 
are laid in end construction in a wall, unless the mortar is very rich and the 
central webs are in bearing on the webs of the tile below. This is seldom the 
case, owing to the difficulty of spreading mortar upon the central webs with¬ 
out excessive loss of material and time. 

Tests on Terra-Cotta Tile Walls. In 1926 the results of a series of tests 
made by Messrs. Stang, Parsons and Foster were published by the United 
States Bureau of Standards. The walls, 70 in number, were 6 ft long, 9 ft 
high and either 8 or 12 in thick, and were built with ordinary workmen under 
average indoor conditions. The mortar mixes represent four commonly used 
volume proportions as follows: 

Mortar No. 1. Lime mortar (lj^ L : 3 S) by volume lj^ parts lime to 
3 parts sand 

Mortar No. 2. Cement-lime mortar (1 C : lj^ L : 6 S) by volume 1 part 
cement to lj^ parts lime to 6 parts sand 

Mortar No. 3. Cement-lime mortar (1C: lJ4 L : 4 S) by volume 1 part 
cement to l}£ parts lime to 4 parts sand 

Mortar No. 4. Cement mortar (1C : 3 S) by volume 1 part cement to 
3 parts sand 

The average results of the tests of the mortar specimens are given in 


Table V. 

_Table V. Average Strength of Mortar 


Mortar 

Nos. 

Proportions 
by volume 

Specimens 

tested 

Average 

compressive 

strength 

Average 

tensile 

strength 

1 

1KL :3S 

12 

lb per sq in 
85 

lb per sq in 
14 

■ 

1 C : \ x /i L : 6 S 

81 

760 

80 


1 C : 1KL : 4S 

105 

1 190 

135 

H 

1 C : 3 S 

12 

1 990 

155 


The physical properties of the tile are shown in Table VI, and the results 
of the compressive tests in Table VII. 















Table VI. Physical Properties of Hollow Tile and Brick 
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Strength of Terra-Cotta Brackets or Consoles. A cornice-modillion made 
by the Northwestern Terra-Cotta Company, ll}^ in high at the wall-line, 
8 in wide on the face, and with a projection of 2 ft, was built into a wall and 
the upper surface loaded with 2 tons of pig iron without any effect upon the 
modiUion. Another bracket, 5^ in high, 6 in wide and with a 14-in projec¬ 
tion, made in the East, broke at the wall-line under 2 650 lb, while a duplicate 
of it sustained 2 400 lb for one month without breaking. 

The Weight of Terra-Cotta. The weight of terra-cotta in solid blocks is 
120 or 122 lb per cu ft. When made in hollow blocks 1}^ in thick the weight 
varies from 65 to 85 lb per cu ft, the smaller pieces weighing the most. For 
pieces 12 by 18 in or larger on the face, 70 lb per cu ft will probably be a fair 
average. The tables in the manufacturers’ catalogues give the various bear¬ 
ing-areas, weights per square foot, thicknesses of parts, sizes of blocks, etc., for 
porous and semi porous blocks for all purposes. 

3. Crushing Strength of Building Stones 

(1) Sandstones 

Longmeadow, Mass., Stone.* Reddish-brown sandstone, two blocks about 
4 by 4 in in cross-section and 8 in in height. 

Block No. 1 commenced to crack at 10 333 lb per sq in, and flew from the 
machine in fragments at 13 596 lb per sq in. 

Block No. 2 commenced to crack at 3 012 lb per sq in and failed completely 
at 9 121 lb per sq in. 

Sandstone from Norcross Brothers’ Quarries, East Longmeadow, Mass., 
Soft Saulsbury Stone.* Block No. 1, 4 by 4 by 8 in high, commenced to crack 
at 8 250 lb and failed at 8 812 lb per sq in. 

Block No. 2, 4 by 4 by 8 in high, commenced to crack at 6 500 lb and failed 
at 8 092 lb per sq in. 

Hard Saulsbury Stone.* Block No. 1, 4 by 4 by 8 in high (about), com¬ 
menced to crack at 12 716 lb and failed at 13 520 lb per sq in. 

Block No. 2, same size as No. 1, commenced to crack at 13 953 lb and failed 
at 14 650 lb per sq in. 

Kibbe Stone.* Block No. 1, 6 by 6 by 6 in, commenced to crack at 
12 590 lb and failed at 12 619 lb per sq in. 

Block No. 2, same size as No. 1, commenced to crack at 12 185 lb and failed 
at 12 874 lb per sq in. 

Brown Stone from the Shaler & Hall Quarry Company, Portland, Conn.1 
The results of the tests are as follows: 


Table Vm. Crushing Strength of Brown Sandstone 


| Dimensions 

Sectional 

area 

sq in 

First 

crack 

lb 

Ultimate 

strength 

lb per 
sq in 

Classifica¬ 

tion 

Height 

in 

Compressed, 

surface 

in 

2.50 

2.50 

2.45 

6 13 

84 800 

13 980 

1st quality 

2.50 

2.48 

2.47 

6.13 

81 700 

13 330 

1st quality 

2 98 

3 00 

2.95 

8.85 

123 200 

13 920 

2d quality 

2.95 

2.98 

2.97 

8.85 

122 000 

15 020 

3d quality 

2.51 

2.55 

2.53 

6.45 

63 850 

9 900 

Bridge 

2.48 

2.48 

2.52 

6.25 

58 340 

9 330 

Bridge 


* These tests were made with the United States testing-machines at Watertown Arsenal* 
Mass. 

t From tests made by Colt’s Patent Fire-arms Manufacturing Company. 
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Brown Stone from the Middlesex Quarry Company, Portland, Conn.* 
Four nearly cubical blocks, about 1^ in square. Pressure per square inch at 
time of failure: No. 1, 10 928 lb; No. 2, 10 322 lb; No. 3, 8 252 lb and No. 4, 
6 322 lb. 

Red Sandstone t from Greenlee & Son’s Quarries at Manitou, Col. One 
specimen failed at 11 000 lb per sq in; weight, 140 lb per cu ft. 

Light-Red Laminated Sandstone from St. Vrain Canon, Col., a very hard 
stone, excellent for walks and foundations. Crushing strength on bed, 
11 505 lb per sq in; weight, 150 lb per cu ft. 

Gray Sandstone (free-working) from Trinidad, Col. Crushing strength, 
10 000 lb per sq in; weight, 145 lb per cu ft. 

Gray Sandstone from Fort Collins, Col. (laminated and similar in quality 
to the St. Vrain stone). Crushing strength on bed, 11 700 lb per sq in; 
weight, 140 lb per cu ft. One ton of this stone measures just a perch in the 
wall. 

Gray Sandstone from McDermott, Ohio. Crushing strength, 9 000 lb per 
sq in. 

Gray Sandstone from Amherst, Ohio. Crushing strength, 8 000 lb per 
sq in. 

(2) Granite 

Red Granite from Platte Canon, Col. Crushing strength per square inch, 
14 600 lb; weight per cubic foot, 164 lb. 

Granite from Colorado Cafton. Crushing strength, 22 000 to 28 000 lb 
per sq in. 

Granite from Quincy, Mass. Average crushing strength, 10 000 lb per 
sq in. 


(3) Lava Stones 

Lava Stone from the Kerr Quarries, near Salida, Col. Four cubical blocks. 
The results of the tests are as follows: 


Table IX. Crushing Strength of Lava Stone 


Dimensions 

Sectional 

area 

First 

crack 

Ultimate strength 

Height 

Compressed 

surface 


lb per 
sq In 

in 

in 

sq in 

lb 

lb 

4.00 

4 00 

4 00 

16 00 

165 900 

165 000 

10 369 

4 00 

4.00 


16 00 

174 100 

174 100 

10 881 

2.00 

2 00 

1.99 

3 98 

36 400 

37 100 

9 322 

1.99 

1.99 

1 99 

3.96 

38 200 

38 200 

9 646 


Lava Stone Curry’s Quarry, Douglas County, Col. Crushing strength, 
10 675 lb per sq in; weight, 119 lb per cu ft. Experience has shown that this 

* These tests were made with the United States testing-machines at Watertown Arsenal, 
Mass. 

f These tests were made with the United States testing-machines at Watertown 
Arsenal, Mass. 
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stone is not suitable for piers, or where any great strength is required, as it 
cracks very easily. 


(4) Marble and Limestone 

White marble quarried at Sutherland Falls, Vt. Two cubical blocks about 
6 in square.* 

Block No. 1 commenced to crack at 9 750 lb per sq in and failed suddenly 
at 11 250 lb per sq in. 

Block No. 2 did not crack until it suddenly gave way at 10 243 lb per sq in. 

The Bureau of Standards gives the following crushing strengths per sq in 
for marbles: 

Gantt’s Quarry, Ala., 14 000 lbs. 

Dolomite, Cockeysville, Md., 22 000 lb. 

Calcite, Ball Ground, Georgia, 10 000 lb. 

Tests at Watertown Arsenal give the following crushing strengths per sq in 
for marbles: 

White Dolomite, Lee, Mass., 18 047 lb. 

Calcite, Rutland, Vt, 11 525 to 14 397 lb. 

Calcite, So. Dorset, Vt., on bed, 11 300 lb; on edge, 9 100 lb. 

Norwegian Dolomite, 24 891 lb; Carrara, 6 329 lb; Tyrolese Statuary, 
16 036 lb. 

Test of a Limestone Pier. A pier of Lemont limestone, 1 sq ft in cross- 
section and 9 ft in height, composed of seven stones with bearing surfaces 
planed perfectly true and parallel to the natural bed and the joints washed 
with a thin grout of the best English Portland cement, was tested at the 
Watertown Arsenal for William Sooy Smith, and only commenced to crack 
when the full power of the machine, 400 tons, was exerted. 

Tests on Limestone. In 1927 the Bureau of Standards of the U. S. Depart¬ 
ment of Commerce published in Technologic Paper No. 349 a series of tests on 
limestones performed by Mr. D. W. Kessler and Mr. W. II. Sligh. These tests 
treat very thoroughly of the strength, absorption, specific gravity, porosity, 
efflorescence, weathering and other physical properties of a great variety 
of limestones, the samples being taken from Alabama, Illinois, Indiana, 
Kentucky, Minnesota, Missouri, New York, Texas and Kansas. Because 
of the many samples tested and the wide range of localities represented and 
also because limestone both in its finer and coarser grades is now so generally 
employed for all kinds of buildings throughout the United States, representa¬ 
tive extracts from the published tables of the tests are given herein Only 
the average compressive strengths, absorptions and weights are included. 
The stones showing the greatest strength and weight are generally the dolo- 
mitic limestones with a high proportion of magnesium. Table X, which fol¬ 
lows, is an abridgment of the tests published by the Bureau of Standards. 


• Tested at the United States Arsenal, Watertown, Mass. 
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Loads applied perpendicular or parallel to the stratification. 
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Weight 
per 
cu ft 

O • O •■V' ■ w • < r-l • -ON *00 * 00 • O • »■*« . 

. r* . ^ • <0 *0 I0*»0 O <0 <*} 

. 

Average 
absorp¬ 
tion by 
volume 

9.4 

10.6 

11 3 

11.3 

9 8 

12 2 

10.7 

7.5 

7.2 

0.19 

14 4 

18 7 

Average 

compres¬ 

sive 

strength 
lb per sq in 

OOOQOOOOOOOOOQOOOOQQOOQO 
lOOOOOOOOOOOOOOOOOOOOOOOO 
t'«HO\oi^N'OoooK5»ooNOoaai>»'ONt < ) 
O\00'^CS'0'O-^<SiOO<N^H^fO^»O«^00t->00 00 00'O'O 

it 

gi 

Perpend 

Parallel 

Perpend 

Parallel 

Perpend 

Parallel 

Perpend 

Parallel 

Perpend 

Parallel 

Perpend 

Parallel 

Perpend 

Parallel 

Perpend 

Parallel 

Perpend 

Parallel 

Perpend 

Parallel 

Perpend 

Parallel 

Perpend 

Parallel 

Location of 
Quarry 

Dark Hollow 

Bowling Green 

do. 

Mantorville 

Kasota 

do. 

Mankato 

do. 

Winona 

Near Syracuse 

Lueders 

Silverdale 

Trade Name 

Variegated 

Bowling Green Stone 

do. 

Buff Travertine 

Golden Buff Kasota 

Yellow Fleuri 

Mankato Cream 

Kato 

Travertine 

Onondaga Gray 

Leuders Stone 

Silverdale 

Test 

No. 

89 

108 

110 

112 

114a 

115 

116 

118 

119 

129 

133 

134 

State 

Indiana. 

Kentucky. 

do. 

Minnesota. 

do. 

do. 

do. 

do. 

do . 

New York. 

Texas. 

Kansas. 


Loads applied perpendicular or parallel to the stratification. 
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(5) Bricks and Various Stones 

Table XI gives the crushing strength of various kinds of bricks and building 
stones, the pressure being normal to the plane of the bed. 

Table XI. Crushing Strength of Bricks and Stone 

Pressure at right angles to bed 


Crushing 

Kind of brick or stone strength, 

___ lb per sq in 


Bricks: 

Common, Massachusetts. 10 000 

Common, St. Louis, Mo. 6 417 

Common, Washington, D.C. 7 370 

Paving, Illinois. 6 000 to 13 000 

Granites: 

Blue, Fox Island. Me . 14 875 

Gray, Vinal Haven, Me. 13 000 to 18 000 

Westerly, R I . 15 000 

Rockport and Quincy, Mass. 17 750 

Milford, Conn . . 22 600 

Staten Island, NY. 22 250 

East St Cloud, Minn. 28 000 

Gunnison, Col . 13 000 

Red, Platte Cafion, Col. 14 600 

Limestones: 

Glens Falls, N. Y. 11 475 

Joliet, Ill. 12 775 

Bedford, Ind. 6 000 to 10 000 

Salem, Ind. 8 625 

Red Wing, Minn. 23 000 

Stillwater, Minn. 10 750 

Sandstones: 

Dorchester, N. B. (brown). 9 150 

Mary’s Point, N B. (fine grain, dark brown) . 7 700 

Connecticut brown stone* (on bed) . 7 000 to 13 000 

Longmeadow, Mass, (reddish brown). 7 000 to 14 000 

Longmeadow, Mass (average, for good quality).... 12 000 

Little Falls, N. Y. 9 850 

Medina, N. Y. 17 000 

Potsdam, N. Y. (red). 18 000 to 42 000 

Cleveland, Ohio. 6 S00 

North Amherst, Ohio. 6212 

Berea, Ohio. 8 000 to 10 000 

Hummelstown, Pa. 12 810 

Fond du Lac, Minn. , 8 750 

Fond du Lac, Wis. 6 237 

Manitou, Col. (light red). 6 000 to 11 000 

St. Vrain, Col. (hard laminated). 11 505 

Marbles: 

Lee, Mass. 22 900 

Rutland, Vt. 10 746 

Montgomery Co., Pa. 10 000 

Colton, Cal. 17 783 

Italy. 12 156 

Flagging: 

North River, N. Y. 13 425 


This stone should not be set on edse. 










































296 Strength of Bricks, Stone, Mass-Concrete and Masonry [Chap. 5 


(6) Additional Data on the Strength of Building Stones 

Average Data for Building Stones of Good Quality. The following average 
relative values * are given by R. P. Miller.t Sandstone: weight, 150 lb per 
cu ft; specific gravity, 2.40; crushing strength, 8 000 lb per sq in; shearing 
strength, 1 500 lb per sq in; modulus of rupture, 1 200 lb per sq in; modulus 
of elasticity, 3 000 000 lb per sq in. Granite: weight, 170; specific gravity, 
2.72; crushing strength, 15 000; shearing strength, 2 000; modulus of rup¬ 
ture, 1500; modulus of elasticity, 7 000 000. Limestome: weight, 170; 
specific gravity, 2.72; crushing strength, 6 000; shearing strength, 1 000; 
modulus of rupture, 1 200; modulus of elasticity, 7 000 000. Marble: 
weight, 170; specific gravity, 2 72; crushing strength, 10 000; shearing 
strength, 1 400; modulus of rupture, 1 400; modulus of elasticity, 8 000 000. 
Slate: weight, 175; specific gravity, 2.80; crushing strength, 15 000; mod¬ 
ulus of rupture, 8 500; modulus of elasticity, 14 000 000. Trap-Rock: 
weight, 185; specific gravity, 2 96; crushing strength, 20 000. 

The following average relative values are given by A. I. Frye.J They are 
the results of tests made on small cubes of the materials. Sandstone: 
crushing strength, 9 000 lb per sq in; Granite and Gneiss: crushing strength, 
17 733 lb per sq in. Limestones and Marbles: crushing strength, 14 445 lb 
per sq in. Slate: crushing strength, 10 000; ultimate tensional strength, 
3 000; modulus of rupture, 5 000 lb per sq in. 

When stones are not tested, Frye recommends the following average values 
for ultimate strengths to be used in determining the safe stresses. Sand¬ 
stone: crushing strength, 5 000; ultimate tensional strength, 150; modulus 
of rupture, 1 200 lb per sq in. Granite and Gneiss: crushing strength, 
12 000; modulus of rupture, 1 600 lb per sq in. Limestones and Marbles: 
crushing strength, 8 000; ultimate tensional strength, 800; modulus of 
rupture, 1 500 lb per sq in. 

The following working unit stresses in pounds per square inch for stone 
slabs or single blocks of stone are recommended by W. J. Douglass.§ Sand¬ 
stone: compression, 700; tension (direct and flexural), 75; shear, 150. 
Granite, Syenite and Gneiss: compression for hard, 1500; for medium, 
1 200; for soft, 1 000; tension (direct and flexural), 150; shear, 200. Lime¬ 
stone: compression for hard, 1 000; for medium, 800; for soft, 700; tension 
(direct and flexural), 125; shear, 150. Marble: compression for hard, 900; 
for soft, 700; tension (direct and flexural), 125; shear, 150. Bluestone 
Flagging: compression, 1 500; tension (direct and flexural), 200. 


(7) Comparison of Tests on Building Stones 

From the values derived as a result of the above tests it would appear that 
the average crushing strength of any class of stone might be misleading 
because of the wide range in the crushing strength of different varieties of 
the same basic stone, some marbles, for example being twice as strong in 
compression as some granites. If an exact working stress be desired it should 
be derived from tests on samples from the actual quarry furnishing the stone 

•The values in all cases are as follows: weight, in lb per cu ft; strength modulus of 
rupture and modulus of elasticity, in lb. per sq. in. 

f American Civil Engineers' Pocket Book (1912), page 357. 

t Civil Engineers' Pocket-Book (1913), page 511. 

| American Civil Engineers’ Pocket Book (1912), page 575. 
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which it is proposed to employ. The results of many of such tests are given 
in the preceding paragraphs and tables. 

4. Compressive Strength of Mortars and Concretes 

The Compressive Strength of Lime Mortar. The crushing strength of 
common lime mortar, six months old and composed of 1 part lime to 6 parts 
sand by measure, varies from 85 to 300 lb pei sq in or from 6 to 21.6 tons per 
sq ft. Lime mortar alone should never be used where any but moderate 
loads are to bear upon the work, nor where the full loading is to be applied 
before the mortar has had time to harden. 

The Compressive Strength of Natural-Cement Mortar. The crushing 
strength * of natural-cement mortar, neat, averaged, for 7 days, 2 010; for 
28 days, 2 689; for 3 months, 3 646; and for 6 months, 5 052 lb per sq in. 
When mixed with 2 parts of standard quartz sand, the mortar averaged in 
crushing strength, for 7 days, 940; for 28 days, 1 390; for 3 months, 1 730; 
and for 6 months, 2 012 lb per sq in. For 2 years, an additional increase of 
18% and 6% may be assumed for the neat and sanded mortars, respectively, 
of natural cement. 

The Compressive Strength of Portland-Cement Mortar. The crushing 
strength * of Portland-cemcnt mortar, neat, averaged, for 7 days, 5 915; for 
28 days, 7 041; for 3 months, 7 347; and for 6 months, 9 760 lb per sq in. 
When mixed with 3 parts of standard quartz sand, the mortar averaged, in 
crushing strength, for 7 days, 941; for 28 days, 1 290; for 3 months, 1 490; 
and for 6 months, 1 529 lb per sq in. When mixed with 3 parts of Ottawa 
sand, the mortar averaged, in crushing strength, for 7 days, 1 199; for 28 
days, 1 796; for 3 months, 1 887; and for 6 months, 2 181 lb per sq in. For 
2 years, an additional increase of about 16% and 18% may be assumed for 
the neat and sanded mortars, respectively, of Portland cement. 

Relation of Compressive to Tensile Strength of Mortars. While it may 
be stated as a very general guide that the compressive strength of hydraulic 
cement mortars is from six to ten times the tensile strength, these ratios are 
variable and cannot be used as a reliable basis for calculations. The tensile 
strength of Portland-ccment mortars, under normal conditions, increases 
rapidly during the first few days, the rate of change gradually falling off. In 
7 days the tensile strength is generally from one-half to two-thirds of the ulti¬ 
mate strength, which is practically reached in 2 or 3 months. The compres¬ 
sive strength, however, continues to increase with age and the rate of increase 
varies according to a somewhat different law. 

Form of Specimen for Compression-Tests. For compression-tests of con¬ 
crete in general, 4 to 12-in cubes of the mixture have been the standard forms 
of test-specimens; but since the advent of reinforced-concrete construction 
and the growth of the importance of determining the elastic properties of 
concrete, it has been found that a cylindrical test-specimen gives more 
definite results than a cube. A common shape of such cylinder is one in 
which the height is about twice the diameter, and the cylinders are not less 
than 6 by 12 in for aggregate less than 2 in and 8 by 16 in for aggregate larger 
than 2 in. It is found that the compressive strengths of these cylinders of 
concrete are from 10 to 15% less than those of the cubes, but for cylinders of 
still greater slenderness the compressive strengths remain about constant for 
heights up to about seven diameters. 

* From compression-tests made by W. P. Taylor on cylindrical specimens 1 in in height; 
about 1 in in diameter and 1 sq in in cross-section. 
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Crushing Strength of Concrete Affected by Area of Bearing Surface. 

Professor Hool states that if a load be applied over the central part, only, of 
the bearing surface of a concrete test-specimen in compression, the unit load 
will be greater than if it be applied over the entire surface; and this is due to 
the fact that the outer parts tend to assist the inner part to resist the stress. 
This was shown by tests made on some of the 12-in concrete cubes used 
in the tests made for the Boston Elevated Railway Company. Thirty-six 
of these concrete cubes were crushed by applying the load over the entire 
upper bearing-surface of 144 sq in and an equal number of similar concrete 
cubes were then crushed by applying the stress over a smaller area, 10 by 10 
in, or 100 sq in. After this, the cubes of a third set were crushed by the 
application of the stress over the still smaller area, 8 by 8% in, or 66 sq in. 
The tests of the second set gave unit crushing strengths 12% higher than the 
first, and those of the third set unit crushing strengths 28% higher than the 
first. 

Working Stress for Bearing on Concrete. “ When compression is applied 
to a surface of concrete of at least twice the loaded area, a stress of 32.5% of 
the compressive strength may be allowed.” 

The 1929 Philadelphia code allows 37%% of ultimate strength for direct 
compression when surface is 3 or more times the loaded area. The Boston 
code of 1926 allows 35% of the ultimate strength when the surface is twice 
the loaded area. 

Effect of Consistency on the Crushing Strength of Concrete. A series of 
tests * made by the United States Geological Survey show very clearly the 
relation of the strength of concrete to the consistency or amount of water 
used in mixing. At the age of 1 month the mean compressive strengths in 
pounds per square inch were, for the wet concrete: granite, 3 155; gravel, 

2 300; limestone, 4 195. For the medium concrete: granite, 4 090; gravel, 

3 545; limestone, 2 975. For the damp concrete: granite, 4 520; gravel, 

4 610; limestone, 4 365. At the end of 3 months the values for the granite 
aggregates were, for the wet concrete, 4 755; for the medium, 4 990; and for 
the damp, 5 445. 

Comparison of Compressive Strengths of Gravel and Stone Concretes. 

Concretes made with broken stone have, generally, a somewhat greater 
compressive strength than those made with gravel. From tests made by E. 
C&ndlot, the average compressive strength at 30 and 180 days, of concrete 
made with 1^-in maximum-size broken stone, was 20% greater than that of 
concrete made of gravel of about the same size, the percentage of voids 
being nearly the same, 40% voids for the gravel and 47.4% voids for the 
broken stone. The average difference at 12 months, however, was reduced 
to 9%. 

Compressive Strength of Concrete. As has been set forth in Chapter III 
the most important element in the strength of concrete of workable consistency 
is the ratio of the water to the cement, the strength diminishing rapidly as 
the water is increased. Closely related also to the water-cement ratio in 
determining strength are the considerations of age of concrete and curing. 
Tests made by the Portland Cement Association show that for the same 
water-cement ratio and mix, the sizes of the aggregates and their grading 
have much less effect upon the compressive strength of the concrete than has 
been supposed. The real significance of grading of the aggregate is in rela¬ 
tion to the workability and economy of concrete mixtures rather than to the 


Made in 1908. See Bulletin No. 344, United States Geological Survey. 
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compressive strength. As regards the kind of aggregate, naturally, materials 
which are structurally weak cannot produce the same strength as sound 
materials, but the usual run of sand, stone and gravel as found in most 
localities is at least as strong as the paste and the compressive strength is little 
affected by the type of aggregate. Such small increases in strength of con¬ 
crete as do occur for the harder materials are probably due to angularity and 
roughness of surface rather than to greater strength of aggregate, since the 
roughness increases the bond between paste and aggregate. As has been 
stated, the allowable working compressive stress for cinder concrete is lim¬ 
ited to 300 lb per sq in in the majority of Building Codes, while the allowable 
stress for stone concrete in direct compression is about 500 lb per sq in and 650 
lb in flexure but without reference to the strength of the aggregate so long as it 
is sound material. 

Effect of Curing. Moisture is required to produce the chemical actions of 
hardening cement and since these actions continue for considerable periods it 
is necessary to protect the concrete for several days from drying conditions 
and to keep it moistened to avoid evaporation. Test cylinders of concrete 
surrounded by damp sand for 120 days have shown from to 3 times the 
strength of similar cylinders exposed to room atmosphere for the same period. 
Concrete should therefore be protected from evaporation and dampened as 
required for periods of from five to ten days to attain its full strength even 
at later periods. 

Effect of Age. It is well established that concrete increases in strength with 
age under the right conditions. Age and curing cannot be separated, an 
increase in age merely providing for further chemical combinations if the 
conditions be favorable for continued reaction. Tests by the Portland 
Cement Association show, for a ratio of 7 gal of water to one sack of cement, 
the following compressive strengths per square inch: 3 days, 850 lb; 7 days, 
1 600 lb; 28 days, 2 800 lb; 3 months, 4 200 lb; 1 year, 5 000 lb. These 
strengths were found with concretes of different mixes, varying from 1 : 2 to 
1 : 8, but with the constant water-cement ratio of 7 gal of water to 1 sack of 
cement. 

Allowable Working Stresses. The Building Codes of many cities still con¬ 
tinue to consider 2 000 lb, per sq in as the ultimate compressive strength 
of stone concrete and, basing their regulations upon this figure, limit the 
allowable working stresses as follows in the majority of cases. 


» Per Sq in 

Direct compression. 500 lb 

Extreme fiber stress in compression. 650 lb 

Shearing stress without reinforcement. 40 lb 


Tests show, however, that plastic concrete of workable consistency can be 
designed with ultimate strengths ranging from 1 000 lb to 3 000 lb per sq in 
at 28 days depending upon the ratio of water to cement in the paste. Where 
the water-cement ratio method of mixing concrete has been adopted the 
allowable working stresses are expressed as percentages of the ultimate 
strength. 

The following assumed strengths at 28 days of concrete mixed according 
to the watcr-cement ratio were adopted in their Joint Code in 1928 by the 
American Concrete Institute and the Reinforcing Steel Institute and have 
been followed with slight amendments by several municipalities in revising 
their Building Codes. 







300 Strength of Bricks, Stone, Mass-Concrete and Masonry [Chap. 5 

Table XII, Strength of Concrete According to Water Cement 

Ratio 


Water-cement ratio 

IT. S. gallons per 94-lb 
sack of cement 

Approximate mix, vol¬ 
ume of Portland cement 
to sum of separate vol¬ 
umes of fine and coarse 
aggregate 

Assumed compressive 
strength at 28 days in 
lb per sq in 

Dry Plastic Concrete 


1 : 7 

1 500 

7H 

1:6 

2 000 


1 : 514 

2 500 

6 

1 : 41 i 

3 000 

Moderately Wet Concrete 

83* 

1 : 6^2 

1 500 

714 

1 : 5H 

2 000 


l : 

2 500 

6 

1 : 4 

3 000 


The following unit stresses in lb per sq in were adopted for use in design, 
/ c equaling the minimum ultimate strength at 28 days. 


Description 

Allowable Unit Stresses 

For any 
strength 
of con¬ 
crete 
fixed 
by test 

When strength of concrete 
is fixed by water-cement 
ratio 

/% — 

2 0001b 
per sq in 

/%» 

2 5001b 
per sq in 

A- 

3 000 lb 
per sq in 

Flexure: fc 

Extreme fiber stress in comp. (Jc) 

0.40/% 

800 

1 000 

1 200 

Extreme fiber stress adjacent to 
supports of continuous beams (/e) 

0.45/% 

900 

1 125 

1 350 

Shear ( v ) 

Beams without web-reinforcement (t>c) 

0 02/% 

40 

50 

60 

Bearing (/*) 

Direct compression 

0.25/% 

500 

625 

750 
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Building Laws for Working Loads on Masonry. As previously mentioned 
the building codes of most cities specify working loads to be used for ma¬ 
sonry and as shown in Table II these loads vary greatly. It is important, 
therefore, that the architect should be acquainted with the municipal codes 
by which the construction of his building is governed. As building laws and 
regulations are constantly changing this information should be obtained from 
the code itself, care being taken that the latest edition and all supplements 
are consulted. A few requirements, peculiar to the codes in which they are 
found, will be cited. 

The Chicago code (1928) gives for eight classes of brickwork bearing values 
ranging from 100 lb per sq in for common brick with good lime mortar to 350 
lb per sq in for paving brick with 1 to 3 Portland-cement mortar. This code 
discriminates between concrete mixed by hand and by machine, values of 
from 250 to 350 lb per sq in being given for hand-mixed concrete and from 
300 to 400 lb per sq in for the same mixture if mixed by machine. The values 
in the Buffalo code are exceptionally low, common brick laid in lime mortar 
being allowed but 3 tons and concrete in foundations but 4 tons per sq ft. 
The Louisville code introduces values for “Louisville-cement mortar.” The 
practice of stating values of local material is to be commended. The Denver 
code gives a value of 6 tons per sq ft on common brick in lime mortar, 5 
tons for hollow tile in cement mortar and 8 tons for terra-cotta, solid, in 
cement. The Seattle code gives for the allowable compressive stress of mass 
concrete 20% of its compressive strength in twenty-eight days. The building 
code recommended by the National Board of Fire Underwriters is followed 
by a number of cities. This code includes in its list of allowable compression 
values, 1 000 lb per sq in for Portland-cement grout, neat, between steel members 
m foundations. For natural-cement concrete values are given of 150 lb per 
sq in for a 1 :2 :4 mixture and 80 lb per sq in for a 1 : 2 : 5 mixture. The 
average ultimate compressive strength for terra-cotta blocks designed to be 
laid normally with the cells vertical, and which are tested with the cells in that 
position, must not be less than 1 200 lb per sq in. The allowable working stress 
on such blocks must not exceed 180 lb per sq in. 



302 


Forces and Moments 


[Chap. 6 


CHAPTER VI 

FORCES AND MOMENTS 

By 

MALVERD A. HOWE 

PROFESSOR OF CIVIL ENGINEERING, ROSE POLYTECHNIC INSTITUTE 



Fig. 1. Composition of Forces 


1* Composition and Resolution of Forces 

Composition and Resolution of Forces. Imagine a round ball placed on a 
plane, frictionless surface at A (Fig. 1), the surface being perfectly level, so that 
the ball has no tendency to move until some force 
is applied to it. If, now, the force, P, is applied 
to the ball in the direction indicated by the arrow, 
the ball will move in that direction. If, instead of 
B one force only, two forces, P and P i, are applied to 
the ball, it will not move in the direction of either 
of the forces, but will move in the direction of the 
resultant of these forces, or in the direction Ab. 
If the magnitudes of the forces P and Pi are 
indicated by the lengths of the lines, then, if we 
complete the parallelogram ABDC, the diagonal 
DA represents the direction and magnitude of a 
single force which has the same effect on the ball 
as that resulting from the two forces P and P\. If, in addition to the two 
forces P and P\ , the third force, P 2 , is applied, the ball will move in the 
direction of the resultant of all three forces, and this resultant is obtained by 
completing the parallelogram ADEF, of which the resultant DA and the third 
force P 2 are two adjacent sides. The diagonal R of this second 
parallelogram is the resultant of all three forces, and the ball 
will move in the direction Ae. In the same way the resultant 
of any number of forces may be found. Again, suppose a 
ball, whose weight is indicated by the length of the line W 
(Fig. 2), is suspended by two inclined cords. What are the 
magnitudes of the pulls or stresses which are developed in the 
cords and which keep the bail suspended at the point A? 

This is the converse of the last case. Instead of finding the 
diagonal or the resultant, the diagonal, which is the line \V, is 
given, and the sides of the parallelogram are to be found. To 
find these the lines representing the directions of P and Pi are Fig. 2. Rcsolu- 
proionged and from B lines parallel to them are drawn to tion of Forces 
complete the parallelogram. Then CA is the required mag¬ 
nitude of the stress in cord P , and BC of that in cord P i. Thus one force may 
have the same effect as many, or many the same effect as one. 



Forces Represented by Straight Lines. In considering the action of forces, 
it is convenient to represent them graphically by straight lines with arrow¬ 
heads, as in Fig. 3. The length of the line, if drawn to a scale of pounds, repre¬ 
sents the magnitude of the force in pounds; the position of the line indicates 
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Fig 3. Force Represented 
by a Straight Line 


Fig. 4. Parallelogram of 
Forces 


its line of action; the arrow-head indicates its sense or the direction in which 
it acts; and the point A its point of application. Thus the magnitude, 
direction and point of appli¬ 
cation are indicated and the 
A A force is completely repre¬ 

sented. 

Parallelogram of Forces. 

If two forces applied at one 
point are represented in 
magnitude and direction by 
two straight lines inclined to each other, their resultant is the diagonal of the 
parallelogram formed on those lines. Thus, if the lines AB and AC (Fig. 4) 
represent two forces acting at a point A , to find the force which w ill have the 
same effect as the two forces, the parallelogram 
ABDC is completed and the diagonal AD drawn. 

This line represents the resultant of the two 
forces. When the two given forces act at right- 
angles to each other, the magnitude of the result¬ 
ant is equal to the square root of the sum of the 
squares of the magnitudes of the other two forces. 

Triangle of Forces. If three forces acting at 
a point are represented in magnitude and direction 
by the sides of a triangle taken in order, they are 
in equilibrium. Let P , Q and R (Fig. 5) represent 
three forces acting at the point 0. If a triangle 
can be drawn, like that shown at the right in Fig. 

5, having sides respectively parallel to the direc 
tions of the forces and taken in the same order, 



the forces arc in equilibrium, 
are not in equilibrium. 


Fig 5. Triangle of Forces 
If such a triangle cannot be drawn, the forces 


The Polygon of Forces. If any number of forces acting at a point can be 
represented in magnitude and direction by the sides of a polygon taken 
in order, they are in equilibrium. This follows directly from the preceding 
theorem. 


2 . Moments of Forces 

Moments. In considering the stability of structures and the strength of 
materials, we are often obliged to take into consideration the moments of 
the forces acting on a structure or on some part of a structure; and a knowledge 
of the general principles of moments is essential to the 
proper understanding of these subjects. When we speak of 
the moment of a force, we must have in mind some fixed 
point or line with respect to which the moment is taken. 
The moment of a force with respect to any given point, or 
center of moments, is the product of the magnitude of 
the force and the perpendicular distance from the point to 
the line of action of the force; or, in other words, the mo¬ 
ment of a force is the product of the magnitude of the force 
by the arm with which it acts. Thus if we have the force F (Fig. 6), and wish 
to determine its moment with respect to the point P, we determine the per¬ 
pendicular distance Pa, between the point and the line of action of the force, 
and multiply it by the magnitude of the force. For example, if the magnitude 



Fig. 6. Moment 
of a Force 
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of the force F is 500 lb and the distance Pa is 2 in, the moment of the force 
with respect to the point P is 500 lb X 2 in — 1 000 in-lb. * 

Parallel Forces. If any body is in a state of rest or equilibrium under the 
action of parallel forces, the sum of the forces acting in one direction equals the 

sum of the forces acting in the opposite 
direction. Thus if we have the parallel 
forces P l t P 2 , P 3 and P 4 acting on the rod 
AB (Fig. 7), in a direction opposite to that 
of the forces P lf P 2 and P 3 , then, if the rod 
is in equilibrium, the sum of the forces P l , 
P 2 , P 3 and P 4 must equal the sum of the 
forces Pi, P 2 and P 3 . 

Parallel Forces Opposite in Character. 
If any number of parallel forces, not all 
acting in the same direction, act on a body, 
if the body is in equilibrium, the sum of the 
moments of the forces tending to turn the 
body in one direction about any given 
point is equal to the sum of the moments of the forces tending to turn it in 
the opposite direction. Let F h F 2 and P 3 (Fig. 8) represent three parallel 
forces acting on the rod AB. If the rod is in equilibrium, the sum of the forces 
P 2 and P 3 is equal to F\. Also, if we take the 
end of the rod, A, for the center of moments, 
the moment of Pi is equal to the sum of the mo¬ 
ments of P 2 and P 3 about that point, because 
the moment of Pi measures the tendency to 
turn the rod clockwise, and the sum of the 
moments of P 2 and P 3 measure the tendency 
to turn the rod con fRA-CLOCK wise, and there 
is no more tendency to turn the rod one way 
than the other. For example, let the magni¬ 
tude of forces P 2 , P* each be represented by 5 
force-units, the distance A a by 2 length-units 
and the distance AB by 4 length-units. The 
magnitude of the force Pi must equal the sum 
of the magnitudes of the forces P 2 and P 3 , or 10 force-units, and its moment 
with respect to any point in the plane of the forces must equal the sum of 
the moments of P 2 and P 3 with respect to the same point. If we take A as 
the center of moments, the moment of P 3 =» 5 X 2 « 10, and of P 2 *» 5 X 4 
— 20. Their sum equals 30; hence the moment of Pi must be 30. Dividing the 
moment 30 by the force Pi — 10 force-units, we have for the arm, 3 length- 
units; or the force Pi must act at a distance of 3 units from A to keep the rod 
in equilibrium. If we take b as the center of moments, the force Pi has no 
moment, as the length of its lever-arm is zero; and, for equilibrium, the-mo¬ 
ment of P 2 about b must equal the moment of P 3 about the same point; or, as 
in this case the magnitudes of the forces P 2 and P 3 are equal, they must both 
be applied at the same distance from b, showing that b must be half-way 
between a and B f as was demonstrated before. 

Three Parallel Forces. The principle of the lever. This principle is 
based upon the two preceding propositions and is of great importance and 

• The expressions pound-feet and pound-inches are often given to these products 
to distinguish them from foot-pound and inch-pounds, by which work and energy 
are measured. 



Fig 8. Algebraic Sum of Mo¬ 
ments of Unlike Parallel lorces 



Fig. 7. Algebraic Sum of Unlike 
Parallel Forces 
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convenience. If a body is in equilibrium under the action of three parallel 
forces acting in the same plane, each force is proportional to the normal dis¬ 
tance between the other two. Thus, if, as in Figs. 9, 10 and 11, three forces. 



Fig 9. Principle of the Lever Fig. 10 Principle of the Lever 


Pi, P 2 and P s, act on the rod AB y in order that it may be in equilibrium, the 
following relations must obtain between the magnitudes of the forces and the 
distances between their points of application; 

CB *AB 9 AC 
or 

Pi :P 2 :P 3 :: CB : AB : AC 


This is the case of the common lever and shows the method of determining 
what weight a given lever will raise,. The proportion is also true for any 
arrangement of the forces (as shown in Figs 9, 10 and 11), provided, of course, 
the forces are lettered in the order shown in the 
figures. 

For example, let the distance AC be 6 in and the 
distance CB be 12 in. If a weight of 500 lb is 
applied at the point B, how much w r ill it raise at 
the other end and wrhat support will be required at 
C (Fig. 10) > 

Applying the rule just given, we have the pro¬ 
portion: 

P 8 : Pi :* AC : CB or 500 : P x *: 6 : 12 

Hence Pi » 1 000 lb,* or 500 lb applied at B will rig. 11. Principle of the Lever 
lift 1 000 lb resting on or suspended at A. The 

supporting force at C must, by the principles of parallel forces in 
equilibrium, be equal to the sum of the forces Pi and P 8 , or 1 500 lb in 
this case. 

3. Center of Gravity 

General Principles. The lines of action of the force of gravity converge 
towards the center of the earth but the distance of the center of the earth from 
the bodies which we have occasion to consider, compared with the size of those 
bodies, is so great, that we may consider the lines of action of the forces as 
parallel. The number of the forces of gravity acting upon a body may be con¬ 
sidered as equal to the number of particles composing the body. The center 
of gravity of a body may be defined as the point through which the resultant 
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of the parallel forces of gravity, acting upon the body, passes for every position 
of the body. If a body is supported at its center of gravity and turned about 
that point, it will remain in equilibrium in all positions. The resultant of the 
parallel forces of gravity acting upon a body is obviously equal to the weight 
of the body; and if a force, equal in magnitude to the resultant, is applied, 
acting in a line passing through the center of gravity of the body, and in a 
direction opposite to that of the resultant, the body will be in equilibrium. 

Center of Gravity of a Straight Line. The word line here means a mate¬ 
rial line whose transverse section is very small, such as a very fine wire. The 
center of gravity of a straight line or rod of uniform size and material is at 
its middle point. This proposition is too evident to require demonstration. 

The Center of Gravity of the Perimeter of a Triangle is at the center of 
the circle inscribed in the triangle formed by the lines joining the middle 
points of the sides of the given triangle. Thus, 
let ABC (Fig. 12) be the given triangle. To find 
the center of gravity of its perimeter, find the 
middle points, D, E and F, and connect them by 
straight lines. The center of the circle inscribed 
in the triangle formed by these lines will be the 
center of gravity sought. 

Center of Gravity of Symmetrical Lines. 
The center of gravity of a line which is sym¬ 
metrical with reference to a point is at that 
point. Thus the center of gravity of the cir¬ 
cumference of a circle or of an ellipse is at the geometrical center of the figures. 
The center of gravity of the perimeter of an equilateral triangle, or of a 
regular polygon, is at the center of the inscribed circle. The center of gravity 
of the perimeter of a square, rectangle, or parallelogram is at the intersection 
of the diagonals of those figures. 



Fig. 12. Center of Gravity of 
Perimeter of Triangle 


Center of Gravity of a Surface. A surface here means a very thin plate 
or shell. If a surface can be divided by a line into two symmetrical halves, the 
center of gravity will be on that line; if it can thus be divided by two lines, the 
center of gravity will be at their intersection. 

Center of Gravity of Regular Figures. The center of gravity of the sur¬ 
face of a circle or an ellipse is at the geometrical center of the figure; of an 
equilateral triangle or regular polygon, at the center of the inscribed circle; of 
a parallelogram, at the intersection of the diagonals; of the surface of a sphere, 
or of an ellipsoid of revolution, at the geometrical center of the body; and of 
the convex surface of a right cylinder, at the middle point of the axis of the 
cylinder. 

Center of Gravity of Irregular Figures. Any figure bounded by straight 
lines may be divided into rectangles and triangles, and, the center of gravity 
of each part being found, the center of gravity of the whole figure may be 
determined by treating the centers of gravity of the separate parts as particles 
whose weights are proportional to the areas of the parts they represent. 
See Figs. 21 and 22. 


Center of Gravity of Triangles. To find the center of gravity of a tri¬ 
angle, draw a line from each of two angles to the middle of the opposite side. 
The intersection of the two lines is the center of gravity. 

Center of Gravity of Quadrilaterals. To find the center of gravity of any 
quadrilateral, draw the diagonals, and from that end of each diagonal which is 
farthest from the intersection, lay off, toward the intersection, the length of 
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its shorter segment. The two points thus formed, together with the point of 
intersection, will form a triangle whose center of gravity is that of the quad¬ 
rilateral. Thus, let Fig. 13 be a quadri¬ 
lateral whose center of gravity is to be 
found. Draw the diagonals AD and BC , 
and from A lay off AF *= DE t and from B 
lay off BII =» CE. From E draw a line to 
the middle of FII, and from F a line to the 
middle of Ell. The point of intersection 
of these two lines is the center of gravity 
of the quadrilateral. This is a method 
commonly used for finding the centers of ^ 
gravity of the voussoirs of an arch. Fig. 13. Center of Gravity of 

Table of Centers of Gravity. Let a be Quadrilateral 

a line drawn from the vertex of a figure 

to the middle point of the base, and D the distance from the vertex to the 
center of gravity of the figure. Then (Fig. 14): 

In an isosceles triangle. 

In a segment of a circle, vertex at center of circle 


D — ^3 a 

chord 1 
12 X area 



In a sector of a circle, vertex at center of circle. D - R X -- 

3 X arc 


In a semicircle, vertex at center of circle. D « -— = 0.4244 R 

3 rr 

In a quadrant of a circle. D ** Js R 

In a semiellipse, vertex at center of circle. D ■» 0.4244 a 

In a parabola, vertex at intersection of axis 

with curve. D - a 

In a cone or pyramid. D — % a 



_J_V___ X _ .-I-JT-- 

Segment of Circle Sector of Circle 

Fig. 14. Center of Gravity of Triangle, Segment and Sector 


In a frustum of a cone or pyramid, let k — the height of the complete cone or 
pyramid, h\ - the height of the frustum, and let 
the vertex be at the apex of the complete cone 
or pyramid; then, 

3 (A* - h,*) 


P+W 


0 - 


B 


-© 


D - 


4 (A 3 - M 


W 


Center of Gravity of Two Heavy Particles. 
Let P be the weight of a particle at A (Fig. 15), 
and W that of a particle at C. The center of 
gravity is at some point, 3, on the line joining A 
The point B must be so situated that if the two particles were held 


P 

Fig. 15. Center of Gravity of 
Two Heavy Particles 

and C. 
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together by a stiff wire and supported at B by a force equal in magnitude to 
the sum of P and W they would be in equilibrium. The problem then is 
solved by the principle of the lever, and we have the proportion (see 
Three Parallel Forces. The Principle of the Lever), 

P + W :P :: AC : BC 
_ PXAC 


If W = P, then BC « AB, or the center of gravity will be half-way between 
the two particles. This problem is of great importance and has many prac¬ 
tical applications 

Center of Gravity of Several Heavy Particles. Let W lt W 2 , ir 3 , IF 4 and 
Ws (Fig. 16) be the weights of the particles. Join Wi and \V 2 by a straight 
yy VV line and find their center of gravity A, as in the 

*1 } 3 preceding problem. Join 4 with IF 3 and find the 

\ / w center of gravity B, which will be the center of 

\ B/ gravity of the three weights IV\, W 2 , H’ 3 . Proceed 

\ in *he same way with each weight. The last center 

CnTD of gravity found will be the center of gravity of all 

\ \ the particles In both of these cases the lines join- 

\ \ ing the particles are supposed to be horizontal lines, 

\ Y, or else the horizontal projections of the straight lines 

yy which join the points. 

.. * , ^ Center of Gravity of Compound Sections Found 

ofseverauT C a e vVp^ttde 5 y ^ M ? me . nts - To determine the strength of a 
beam having an unsymmetncal cross-section, it is 
first necessary to determine the distance of the center of gravity of this section 
from the upper or lower surface of the beam Various other computations, 
also, involve finding the center of gravity of an irregular figure, so that the 
problem is one of practical importance. If the figure of which the center of 
gravity is to be found can be divided into parts which are themselves regular 
figures, the readiest and simplest method of finding the distance of the center 
of gravity from one edge of the section is by 
means of moments. To explain this method 
assume a T-shaped section of uniform thick- A 

ness, hinged on a wire XX, as in Fig. 17. S<S< FLANQe 

The T section is made up of two rectangles, 
one forming the flange, the other the web. \ jt> 

The center of gravity of each rectangle is at 

its own center of figure and may be readily 

found. If the T section is placed horizon- V 

tally, as in the figure, the axis XX being 1 T 

fixed, it will immediately, by the force of 

gravity, revolve about the axis until it be- 

comes vertical, and the sum of the moments Fig. 17. Center of Gravity of 
of the forces causing the revolution is Compound Sections by Moments 
A* X d r + A” X d ", A f representing the 

weight of the web and A° the weight of the flange. To hold the T section 
in a horizontal position, there must be a moment of some force acting in an 
opposite, or upward, vertical direction and just equal to the sum of the two 
moments causing revolution downwards. If the force A, of this moment, 
tending to cause revolution upward, is equal to the weight of the entire T sec- 


Fig. 17. Center of Gravity of 
Compound Sections by Moments 
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tion, it must be applied at the center of gravity of the entire figure to make its 
moment just equal to the sum of the moments of the two downward forces. 
But the moment of A is A X d, therefore d is the distance from the end of the 
web, or from the axis XX , to the center of gravity of the entire figure. There¬ 
fore, since A X d — A' X d' + A" X d" t 


d - 


A' Xd'-h A" X d” 


( 1 ) 


As the weight of any homogeneous material of uniform thickness is propor¬ 
tional to the area, A, A* and A" may be used to represent areas as well as 
weights. Expressing formula (1) as a rule, we have: 

Center of Gravity of Compound Figures. The distance of the center of 
gravity of a compound figure from any line of reference is equal to the sum of 
the products, obtained by multiplying the area of each of the simple parts into 
which the compound figure is divided by the distances of its center of gravity 
from the line of reference, 
divided by the area of the 
entire figure. This rule ap¬ 
plies to any compound fig¬ 
ure. 

Example I. Assume that 
the T section shown in Fig. 

17 has the dimensions in¬ 
dicated. Then A* equals 6, 

A " equals 8, and A equals 
14 sq in; and d ' equals 3 and 
d" equals 6j^ in. The sum 
of the products of A' by d' and A" by d " is 18 -f 52 or 70 sq in X in, and this 
divided by 14 sq in, the area of the entire figure, gives 5 in for the distance d. 
The distance d of the center of gravity from the top of the webs, in each of 
the figures shown in Fig. 20, is found by the following formula: 




Fig. 18. Center ot Grav¬ 
ity of Tees, Angles, 
Channels, etc. 


Fig. 19. Center of Grav¬ 
ity of Irregular I Sec¬ 
tion 


d - 


area of the web or webs X d'J 2 -f area of flange X d , f 
area of the web or webs + area of flange 


( 2 ) 


For a section like that shown in Fig. 18, in which AA” and A f,f represent the 
areas of the respective rectangles, the distance d of the center of gravity from 
the top may be found by the formula 

A' X d' + A" X d" + A”’ X d’" 

A r + A" + A"' 

Example II. To show the application of the rule for finding the center of 
gravity of compound figures, take the one shown in Fig. 19. The distance d 


I 


T 


on n_n_j 


Fig. 20. Center of Gravity of Irregular Figures 


of the center of gravity of the entire figure from the vertex 0 is found as follows: 
The area of the triangle is 36 sq in and of the semicircle 56.5 sq in. From the 
Table of Centers of Gravity the distance of the center of gravity of an isos¬ 
celes triangle from the vertex is two-thirds its height, which gives 4 in as the 
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value for d f . The center of gravity for a semicircle is 0.4244 R from its base, 
so that d " equals 8.54 in. Then, 


36 X 4 4- 56.5 X 8.54 
36 + 56 5 


6.77 in 


This method of finding the center of gravity is similar to that explained in 
Chapter IX for finding the supporting forces or reactions. In the latter case, 
however, the problem is to find the balancing forces instead of the lever-arms. 

Additional Methods of Determining Graphically the Center of Gravity of 
Irregular Plane Figures.* The center of gravity may be obtained graphically 
by means of the force-polygon and the equilibrium-polygon. The figure 
or section considered, Fig. 21, is divided into parts whose centers of gravity 



Fig. 21. Center of Gravity Determined 
Graphically 



Fig. 22. Center of Gravity Determined 
Graphically. Second Method 


can be located and areas calculated. The force-polygon ( b ) and equilibrium- 
polygon ( c ) are drawn. The figure (a) is divided into rectangles and triangles, 

A, B, C and D, and vertical lines are drawn through their centers of gravity. 
In (5) the vertical lines a, b, c and d are respectively proportional in length 
to the areas A, B, C and D. The pole, O, is located by the intersection of 
lines drawn at angles of 45° from the extremities of the line abed. The rays 
1, 2, 3, 4 and 5 are drawn from 0, as shown, and the corresponding parallel 
lines drawn in (c). (See Chapter X.) The vertical line through F, pro¬ 
duced upwards, is a gravity-axis and its intersection G with the horizontal 
gravity-axis XX is the center of gravity of the figure. If the figure is not 
symmetrical about XX a second gravity-axis may be found by turning the 
figure through 90° and repeating the construction. The intersection of the 
two gravity-axes will be the center of gravity of the figure. Another 
method is shown in Fig. 22. Let the centers of gravity of two areas A and 
and B be at the points C a and C&, respectively. From C a the line C a D is 
drawn in any direction, and its length represents on some given scale the area 

B. From C& the line C\>E is drawn parallel to it and its length on the same 
scale represents the area A. The intersection of the line joining D and E 
with CaCb is at the center of gravity of the areas A and B . For three areas 
A , B and C, the construction can be repeated by considering A and J3 as a 
single area; and so on for any number of areas. 

• Condensed from data by Robins Fleming. 
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CHAPTER VII 

STABILITY OF PIERS AND BUTTRESSES* 

By 

GRENVILLE TEMPLE SNELLING 

LATE MEMBER OF AMERICAN INSTITUTE OF ARCHITECTS 

Mechanical Principles. A pier or buttress may be considered stable when 
the forces acting upon it do not cause it to rotate or tip over nor cause any 
course of masonry to slide on its bed; some parts, however, of the masonry 
may be crushed. When a pier sustains a vertical load only, it might be con¬ 
sidered stable, but it might not have sufficient strength. It is only when the 
pier receives a thrust, as from a rafter or an arch, that its stability must be 
considered. In order that there may be no rotation, 
the moment of the thrust (Chapter VI) against 
the pier about any point in its outside edge must 
not exceed the moment of the weight of the 
pier about the same point. 

To illustrate let us consider the pier shown in 
Fig. 1. Let us suppose that this pier receives the 
foot of a rafter which exerts a thrust T in the 
direction AB. The tendency of this thrust is to 
cause the pier to rotate about the outer edge b\, 
and the moment of the thrust about this point, 
which is the measure of this tendency to rotate, 
is T X a'bi, a'b\ being the lever-arm of the mo¬ 
ment. For unstable equilibrium, only, the 
moment of the weight of the pier about the same edge must just equal 
T X a f b\. The resultant force representing the weight of the pier acts ver¬ 
tically through its center of gravity which in this case is equidistant from its 
sides; and its lever-arm is b\c , or one-half its thickness. 

Hence, for equilibrium of moments, we must have the equation 
T X a'h - W X b x c 

But in this condition the least additional thrust, or the crushing of the outer 
edge, will cause the pier to rotate; hence, for safety, we must use some factor 
of safety. This is sometimes done by making the moment of the weight equal 
to that of the thrust when referred to a point in the bottom of the pier, a cer¬ 
tain distance in from the outer edge. This distance for piers or buttresses 
should not be less than one-fourth the thickness of the pier. 

Representing this point in the figure by b , we have the necessary equation 
for the safe stability of the pier 

T X ab - W X //4 

t being the width of the pier. 

We cannot from this equation determine the dimensions of a pier to resist a 
given thrust, because we have the distance a6, t and IV , all unknown quantities. 
Hence we must first assume a tentative size for the pier, find the length of the 
line ab , and see if the moment of the weight of the pier is equal to the mo¬ 
ment of the thrust. If it is not we must assume another size for the pier. 
In point of fact the steps of the problem usually present themselves in the 

* See, also. Chapter XXIX, Section 2, Vaults. 
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inverse order, the pier or buttress being given and the determination of its 
stability being required. The size of the pier or buttress is usually first deter¬ 
mined rather from the architectural exigencies of the design than from the 
engineering requirements for the stability of the structure. If upon investiga¬ 
tion these are not in accord, it is the duty of the designers to use their ingenu¬ 
ity in seeing that both conditions are fulfilled. 

The Stability of Piers and Buttresses. When it is desired to determine 
if a given pier or buttress is capable of resisting a given thrust, the problem can 
be solved graphically in the following manner. Let 
A BCD (Fig. 2) represent a pier which sustains a given 
thrust T at B. To determine whether the pier will safely 
sustain this thrust, we proceed as follows: 

Draw the indefinite line BX in the direction of the 
thrust. Through the center of gravity of the pier, which 
in this case is midway between AD and BC , draw a ver¬ 
tical line intersecting the line of the thrust at e. As a 
force may be considered to act anywhere along its line of 
action, we may consider that the thrust and the weight 
act at the point e. The resultant of these two forces is 
obtained by laying off the thrust T from e on eX, and the 
weight of the pier IV, from con eV, both to the same scale 
of so many pounds to the inch, completing the parallel¬ 
ogram and drawing the diagonal. If this diagonal, prolonged, cuts the base 
of the pier at less than one-third the width of the base from the outer edge, 
the pier is generally considered unstable and its dimensions are changed. 
(See Chapter IV, Theorem of the Middle Third ) 

The Stability of Buttress with Offsets. The stability of a pip;r may be 
increased by adding to its weight by placing some heavy material on top, for 
example, or by increasing its width at the base by means of offsets, as in 
Fig. 3. Figs. 3 and 4 show the method of determining the stability of a but¬ 
tress with offsets. The first step is to find the vertical line passing through the 
center of gravity of the whole pier. This is best done by dividing the buttress 
into quadrilaterals, as A BCD, DEFG and GHIK (Fig. 3), finding the center of 
gravity of each quadrilateral by either the method of diagonals or triangles as 
explained in Chapter VI, and then measuring the perpendicular distances X u 
X %, X% from the different centers of gravity to the line KI. (See, also. Chapter 
VIII.) P 

Multiply the area of each quadrilateral by the distance of its center of grav¬ 
ity from the line KI and add together the areas and the products. Divide the 
sum of the products by the sum of the areas and the result will be the distance 
of the center of gravity of the whole buttress from KI. This distance we 
denote by X 0 . This calculation is a practical application of the theorem in 
mechanics that the moment of the resultant of any number of forces about 
a given point is equal to the sum of moments of the individual forces about 
that point. 



Fig. 2. Graphical 
Determination of 
Thrust on Pier 


Example 1. Let the buttress shown in Fig. 3 have the dimensions shown. 
Then the areas of the quadrilaterals and the distances from their centers of 
gravity to KI are as follows: 


First area - 35 sq ft Xi 
Second area — 23 sq ft X 2 
Third area —11 sq ft Xt 


0'.95 First area X A'i - 33.25 

2'.95 Second area X X% ■■ 67.85 

4'.95 Third area X Aj - 54.45 


Total area, 69 sq ft 


Total moments, 155.55 
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The sum of the moments of the areas is 155.55, and dividing this by the total 
area, we have 2.25 as the distance Xq. Measuring this to the scale of the 
drawing from Kl % we have a point through which the vertical line passing 
through the center of gravity must pass. 

This line, passing through the center of gravity of the buttress, can be 
found graphically, also, by the method of the equilibrium polygon (Fig. 3). 
In order to do this, lay of! at any convenient scale beginning at some conven 



with Offsets 


ient point M, Mw 1, w 1 w 2, and w 2 w 3, the areas of the various quadrilat- 
erals composing the buttress. Through the center of gravity of each quadri¬ 
lateral draw a vertical (green) line. Draw the lines MO and w 3 0, intersect¬ 
ing at some conveniently chosen pole-point, O. Draw Ow 1 and Ow 2. 
Through a, where MO intersects the vertical (green) line drawn through 
the center of gravity of the first quadrilateral draw ab parallel to Ow 1, 
and through 5, where ab intersects the (green) line through the center of 
gravity of the second quadrilateral, draw be parallel to Ow 2. Finally draw 
cL parallel to 0w3. Where this line intersects MO at L will be the point 
through which the (heavy red) line, passing through the center of gravity 
oi the buttress taken as a whole, should be drawn. The distance Xo, meas- 
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ured from IK, should then be 2.25 ft or very nearly this, allowing for slight 
errors of drawing, and the same as that found by moments. Fig. 5 shows the 

. same method of determining the position 
v* n of the center of gravity of a buttress 

similar to the one illustrated in Fig. 9. 

After this line is found, the method 
of determining the stability of the pier 
1 j is the same as that given for the pier in 

J J Fig. 2 and Fig. 4. If the buttress is 

§ more than one foot thick, that is, at 
J/ right-angles to the plane of the paper, its 
ll / cubic content^ must be determined in 

J r order to find its weight. It is easier, 

—g however, to divide the total thrust by 

b the thickness of the buttress. This gives 

® the thrust per foot of thickness of the 

-nruj 2 buttress. 

1 \ The Line of Pressure or Line of 

' I 3 Resistance.* The line of resistance 

o r u;3 or the line of pressure of a pier or 

: t buttress is a line drawn through the 




Fig. 5. Center of Gravity of Wall and 
Buttress 


center of pressure of each joint. The If I 

center of pressure of any joint is the - y]~y 

point in which the resultant of the forces u/ 

acting on that portion of the pier above Y 

the joint cuts it. The line of pressure, or j 

of resistance, when drawn in a pier, shows 

how near the greatest stress on any joint ^ 

comes to the edges of that joint. It can jf 

be drawn by the following method. Fig. 6# Utie o( p ressure j n Pi cr 

Let A BCD (Fig. 6) be a pier whose line 
of pressure we wish to draw. Let T be the thrust against the pier. First, 
divide the height of the pier into several parts, each 2 or 3 feet high, as shown 
by the horizontal dotted lines. It is more convenient to make the courses or 

* This line is called, interchangeably, the line of pressure, the line of resistance, the 
resistance-line, etc. 


Line of Pressure in Pier 
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parts equal in height. Prolong the line of the thrust, and draw a vertical 
line through the center of gravity of the pier, intersecting the line of thrust at 
the point a . From a lay off to a scale the thrust T, and the weights of the 
different parts of the pier, commencing with the weight of the upper portion. 
Thus, w\ represents the weight of the portion above the first joint; u/j repre¬ 
sents the weight of the second part; and so on. The sum of the w’s will 
represent the weight of the whole pier. 

Draw a parallelogram, with T and w\ for its two sides. Draw the diagonal 
and produce it beyond the parallelogram, if necessary. Its point of intersection 
with the first joint will be a point in the line of pressure. Draw a second par¬ 
allelogram, with T and W\ + w 2 for its two sides. Draw the diagonal intersect¬ 
ing the second joint at the point 2. Continue in this way with the rest of the 
A . partial weights, the last diagonal intersecting the base 
Jg&P A D, in the point 4. Join the points 1, 2, 3 and 4. The 
jrhJiitSpt resulting broken line Cl234 I ^ 

E is the LINE OF PRESSURE Or y, = 1' - f 

llllll LINE OF RESISTANCE. X* = 2.05 m 

mm 7 / We have taken the sim- , f '/mV, j 
plest case as an example; \ ~ I 

but the same principles are ^ £>8 Wifr' 1 

{MM true for any case. If the line * ~ |||| I 

/» of pressure of the pier at sjc— r ! 

/T W/w/. | any point falls at a distance ^ i 

from the outside edge of the '<5 yT7/ilfP?l 

T^ilP joint less than one-third EjrAj mm si 

y\ 'ffifty, the width of THE JOINT, U \aT"^P 'I 

C Jrk wjM n the P* er ls generally consid- '+ / <* 

] y Jpp D ered unsafe. i_r j\ wm L 1 

/J / W The Stability of a Wall > Mi ! 

'—I y and Buttress. By Mo- 

Vi wM/s ments and Graphical |Bf^/ /\ 

I ^ Up Method. The following 

j W/w, example illustrates the ap- '»> \ \ Ww/, 

^ 0 j ) IHI plication of these principles. f \l ^||p 

7 /r Example 2. Let Fig. 7 !f ~A “TdJT^l jc^I 

U represent the section of a 0 h*2-0^(h<. 

IT- , C* km * r nr i. side Wal1 ° f a church » with 4 Fig. 8. Stability of Wall 
Fig. 7. Stability of Wall Stress against it. Oppo- and Buttress 

and Buttress ^ ^ buttresSf on the 

inside of the wall, is a hammer-beam truss, which we will suppose exerts an 
outward thrust on the wall of the church, amounting to about 9 600 lb. We 
will further consider that the resultant of the thrust acts at P, and at an angle 
of 60° with the horizontal. The dimensions of the wall and buttress are given 
in Fig. 8. The buttress is 2 ft thick, at right-angles with the plane of the 
paper. Has the buttress the proper size and form to enable the wall to resist 
the thrust of the truss? 




The first point to decide is whether or not the line of pressure cuts the 
joint CD at a safe distance in from C. To ascertain this we must determine 
the position of the center of gravity of the wall and buttress above the joint 
CD (Fig. 7). One way to determine this is by the method of moments, the 
moments of the areas being taken about the line KM as an axis, or line of 
reference (Fig. 8), as already explained. The distance Xi is, of course, half 
the thickness of the wall or 1 ft. We next find the center of gravity of the part 
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CEFG (Fig. 8) by the method of diagonals; and scaling the distance X%, we 
find it to be 2.95 ft. 

The area CEFG »■ At «■ 10 sq ft; and the area GIKL — - 26 sq ft. 

Let A — the total area above CL. 

Then we have 

Xi — 1 ft A i ■> 26 sq ft A i X X\ - 26 sq ft X ft 

X % - 2.95 ft At - 10 sq ft A 2 X X t » 29.5 sq ft X ft 

A «■ 36 sq ft 36)55.5 sq ft X ft 

X Q - 1.5 ft 

Expressed in equations of moments of areas, this may be written as 
follows, A representing the total area above the line CL (Fig, 8): 

A X X 0 - (A i X Xi) + (At X X 2 ) 

Hence, 

v Oji X A r Q -f- ( I 2 X 


The center of gravity is at a distance 1.5 ft from the line ED (Fig. 7). In 
Fig. 7 measure the distance Xo =» 1.5 ft, and through the point a draw a verti¬ 
cal line intersecting the line of the thrust prolonged at O. If the thrust is 
9 600 lb, for example, for a buttress 2 ft thick, it will be half that, or 4 800 lb, 
for a buttress 1 ft thick. We will call the weight of the masonry of which the 
buttress and wall is built, 150 lb per cu ft. Then the thrust is equivalent to 
4 800/150 » 32 cu ft of masonry. Laying this off to a scale from O, in the direc¬ 
tion of the thrust, and the area of the masonry, 36 sq ft, from O on the vertical 
line, completing the rectangle, and drawing the diagonal, we find that the 
diagonal cuts the joint CD at t, within the limits of safety. We must next 
find where the line of pressure cuts the base AB. 

First, determine the position of the center of gravity of the whole figure. 
This is determined by finding, as explained for the distances Xi and X it the 
distances X 2 , X 2f in Fig. 8, and making the following computation, letting 
A' the total area above AM. 


Xi' - 1 ft 

A -40 sq ft 

A t 

X X\ -» 40 sq ft X ft 

Xt’ - 2.98 ft 

At =» 24 sq ft 

A 2 

X X 2 - 71.52 sq ft X ft 

X,’ - 4 95 ft 

At' - 12 sq ft 

A 3 

X - 59.40 sq ft X ft 


A' - 76 sq ft 


76)170.92 sq ft X ft 


Xo' - 2.25 ft 

This, also, may be expressed in equations of moments of areas, as 
explained for the part above the line CL. 

Then from the line EB (Fig. 7) lay off the distance X<{ - 2.25 ft, and draw 
through d a vertical line intersecting the line of the thrust at O'. On this ver¬ 
tical line, measure down from O' the whole area 76, to scale, as explained above, 
rfnd from the lower extremity of this line representing the area, lay off, at the 
proper angle, the thrust T — 32. Draw the line O'e, intersecting the base at c. 
This is the point where the line of pressure cuts the base; and, as it is at 
a safe distance in from A, the buttress has sufficient stability. If there were 
more offsets, we should proceed in the same way, finding where the line of 
pressure cuts the joint at the top of each offset. The reason for doing this is 
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because the line of pressure might cut the base at a safe distance from the 
outer edge, while higher up it might come outside of the buttress or too near 
the outside face, thus making the buttress unstable. The method given in 
these examples is applicable to piers of any shape or material. If the line of 
pressure makes an angle of less than 30° with any horizontal joint, the stones 
above the joint may slide at this joint, or at least have a strong tendency to 
do so. Sliding can be prevented either by doweling, or 

by inclining the joints. Such conditions, however, are /-£—j- 

rare in architectural construction. \ M 

The Stability of a Wall and Buttress. Graphical 
Method. This same example, which has been solved in 
the foregoing case partly by moments and partly by 1 /O 

graphical methods, can be solved entirely by graphical f 
methods. In this case it is not necessary to determine \ fj? 

the position of the line (the heavy red lines in Figs. 3 and Jfv j h 

5) passing through the center of gravity of the buttress / ' 

taken as a whole. It is necessary, only, to determine the p/ , 

(red) lines passing through the centers _L . —^3 / 

of gravity of the various trapezoids and J /J 2 j* 

rectangles into which it has been subdi- C1 /I O j/ wx ■ ' 

vided. To determine the position of the '! -X T 

line of pressure and the various cen- e ,'j j 

TERS OF PRESSURE on the different J , / 

joints, the method shown in Fig 6 may ! of* K 

be used. The construction shown in J 

that figure, in which the complete par- J to un 

allelograms of the forces acting at each _ r_C n 1 _K "j { 

joint are drawn, may be simplified. / 7 “ ; 

One-half the parallelogram, only, or the *«» /J % 4 / 

TRIANGLE OF THE FORCES acting at each _Jr_ S | vP _N j 

joint, may be drawn and the whole con- C 1 7 ™ 

struction placed at one side of the figure / 

and afterwards transferred to the figure f 5 

itself by means of parallel lines. 

Draw the joint-planes FG, EJ, CK 
and BN and calculate the areas of the J 

various parts of the wall and buttress, / 

such as IKGF , FGJE, EJKC , CKNB q- 

and BNMA f Fig. 9. These are respec- % f tU y - 4 * _ 

S i ft ’ ? ** ft i \i Sq ft ’ 10 V ft Fig. 9. Line of Procure in Wall and 
and 30 sq ft. Lay off these areas to a Buttress 

scale of so many square units to a linear 

unit, at Pw \,wlw2, w2w3,w$w4 and w 4 w S, along the line KM, begin¬ 
ning at the point of application of the thrust. Lay off, at the same scale, the 
thrust OP for one foot of thickness of the wall, and let this thrust be 4 800 lb. 
Draw Ow 1, Ow 2, Ow 3, etc. Then Ow 1 will be the resultant of the thrust 
and the weight of the buttress above the joint FG t OW 2 will be the resultant of 
this last resultant and the weight of that part of the buttress between the 
joints FG and EJ, and so on until Ow 5 is reached, which is the resultant of the 
total weight of the buttress and the thrust as well as the resultant of the rect¬ 


angle BNMA and the previous resultant. Prolong the thrust OP, until it 
cuts the first (red) line through the center of gravity of the first rectangle 
IKGF, at a. Through this point draw a (green) line parallel to Ow 1 and pro- 
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long it backward until it intersects the joint FG at the point within the small 
(red) circle. This determines the center of pressure on this joint. Next, 
draw ab (green) parallel to Ow 2 and prolong it backward until it intersects the 
joint EJ f at the center of pressure on that joint. Repeat this operation to 
obtain the centers of pressure on each successive joint, drawing be , cd 
and de parallel respectively to Ow 3, Ow 4 and Ow S. 

It must be remembered, however, that cd does not have to be prolonged 
backward, as it cuts the joint CK below and to the left of the line passing 
through the center of gravity of EJKC. Finally, join the various centers 
of pressure by the (red) broken line, which is the line of pressure in the 
buttress. As this line lies within the middle third of the construction, and 
the resultants of the pressures on the various joint-planes do not make with 
the normals to the joint-planes angles greater than the angle of friction, 
the conditions for stability may be considered to be satisfied. 
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CHAPTER VIII 

THE STABILITY OF MASONRY ARCHES • 

By 

GRENVILLE TEMPLE SNELLING 

LATE MEMBER OP AMERICAN INSTITUTE OF ARCHITECTS 

1. Arches 

The Lintel and the Arch. When an opening is made in a masonry wall 
it is necessary to provide some means of spanning such opening to support the 
superimposed masonry. Two methods have been employed by constructors 
for this purpose. The first involves the use of the beam, girder, cap, or 
lintel, and the second the throwing of an arch from one side of the opening 
to the other. Lintels are made of various materials, as wood, stone, rein¬ 
forced concrete, cast iron and steel, and have cross-sections of different shapes. 
They are placed across the tops of the openings and transfer laterally the loads 
above, causing vertical reactions, only, in the side supports. An arch, sn 
the contrary, is a particular arrangement of blocks of stone or other material, 
put together, generally along a curved line, in such a way that they resist the 
load by a balancing of certain thrusts and counterthrusts. An arch exerts 
on its supports an outward thrust as well as a vertical pressure; and 
it is this outward thrust which requires that the arch should be used with 
caution when the abutments are not amply large and strong. The mechan¬ 
ical principles involved in the spanning of an opening by a lintel are much 
simpler than those of the arch and, historically, the lintel very considerably 
antedates the arch. 

Definitions. Before taking up the principles of the arch, we will define the 
principal terms relating to it. The distance ec (Fig. 1) is called the span of the 
arch; ai, the rise; b, the crown; the lower boundary 
line eac, the soffit or intrados; the outer boundary 
line, the back or extrados. The terms soffit and 
back are also applied to the entire lower and upper 
curved surfaces of the whole arch. The sides of the 
arch which are seen are called the faces The 
blocks of which the arch itself is composed are called 
voussoirs; the center one, K , is called the key¬ 
stone; and the lowest ones, SS, the springers. In 
segmental arches, or those of which the intrados is 
not a complete semicircle, the springers generally rest upon two stones, as RR, 
which have their upper surfaces cut to receive them; these stones are called 
skewbacks. The line connecting the lower edges of the springers is called the 
springing-line; the sides of the arch are called the haunches; and the loads 
in the triangular spaces, between the haunches and a horizontal line drawn 
from the crown, are called the spandrels. The blocks of masonry, or other 
material, which support two successive arches, are called prERs; and the ex¬ 
treme blocks which, in the case of stone bridges, generally support, on one 
side, embankments of earth, are called abutments. A pier strong enough to 
resist the thrust of one of two successive arches, in case the other one falls down 
♦ See, also, Chapter XXIX. 



Fig. 1. Diagram of Seg¬ 
mental Arch 
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is sometimes called an abutment-pier. Besides their own weight, arches 
usually support permanent loads or surcharges of masonry or of earth. 

Forms of Arches. In using arches in architectural constructions, the 
FORMS of the arches are generally governed by the style of the building, or by 
a limited amount of space, rather than by engineering considerations. The 
problem, therefore, that usually presents itself to the architect is not to design 
the form and dimensions of an arch that will most economically and, from an 
engineering point of view, efficiently bear its load, but rather to determine if 
an arch of a certain form and of certain dimensions will be stable and safe 
under its load. The semicircular and segmental forms of arches are the 
best as regards stability, and are the simplest to construct. Elliptical and 
three-centered arches are not as strong as circular arches, and should only 
be used where they can be given all the strength desirable. 

The Strength of an Arch depends very much upon the care with which it is 
built and upon the quality of the materials. In stone arches, special care 
should be taken to cut and lay the beds of stones accurately, and to make 
the bed-joints thin and close, in order that the arches may be stressed as little 
as possible in settling. To insure this, arches are sometimes built dry, grout 
or liquid mortar being afterwards run into the joints; but the advantage of 
this method is doubtful. 

Brick Arches.* (See Figs. 2, 3, 4 and 5.) These may be built either of 
wedged-shaped bricks, molded or rubDed so as to fit to the radius of the soffit 



or of bricks of common shape. The former method is undoubtedly the best, 
as it enables the bricks to be thoroughly bonded, as in a wall; but, as it 
involves considerable expense to make the bricks of the proper shape, it is 
very seldom employed. When bricks of the ordinary shape are used, they 
are accommodated to the curved figure of the arch by making the bed-joints 
thinner towards the intrados than they are at the extrados; or, if the curva¬ 
ture is sharp, by driving thin pieces of slate into the outer edges of those joints; 
and different methods are followed for bonding them. 

The usual method is to build the arch in concentric rings, each one-half 
brick thick; that is, to lay all the bricks as stretchers and depend upon the 
tenacity of the mortar for the connection of the several rings. Brick masonry 
constructed in this way is deficient in strength, unless the bricks are laid in 
cement mortar which is at least as tenacious as themselves. Another way is 
to introduce courses of headers at intervals, and to connect pairs of half-brick 

* For illustrations of the different methods of building brick arches, see Chapter VII 
Building Construction and Superintendence, Part I, Masons’ Work, F. £. Kidder. 
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rings together. This may be done either by thickening with pieces of slate the 
joints of the outer ring of a pair of half-brick rings, so that there will be the 
same number of courses of stretchers in each ring between two courses ot 
headers; or by placing the courses of headers at such distances apart, that 
between each pair of them there will be one course of stretchers more in the 
outer than in the inner ring. The former method is best suited to arches of 
long raidus; the latter, to those of short radius. Hoop-iron laid around the 
arch, between half-brick rings, as well as longitudinally and radially, is very 
useful for strengthening brick arches. The bands of hoop-iron which traverse 
the arch radially may also be bent, and prolonged into the bed-joints of the 
backing and spandrels. By the aid of hoop-iron bond, Sir Marc-Isambard 
Brunei built a half-arch of bricks, laid in strong cement mortar, which stood, 
projecting from its abutment like a bracket to the distance of 60 ft, until it 
was destroyed by the undermining of its foundations. 

Rule for the Radius of Brick Arches. A good rule for the radius of 
segmental brick arches over windows, doors and other small openings is to 
make the radius equal to the 

WIDTH OF THE OPENING. This 
gives a good rise to the arch and 
a pleasing proportion. In com¬ 
mon brickwork, when no par¬ 
ticular architectural effect is 
desired, such as in the rowlock 
arches thrown over the openings 
in cellar walls, a RULE in very 
common use is to make the rise 
of the arch at the crown an inch 
IN HEIGHT FOR EVERY FOOT OF 
SPAN. 

Segmental Arches with Tie- 
Rods. It is often desirable to 
span openings in a wall by means 
of arches when there are not a ^ . 

sufficient number of abutments F ‘«- 6 ' Segmental Bnck Arch, Ca,t-mm Skew, 
to withstand the thrusts. In back and Wrought-uonl.e-rod 

cases of this kind each arch can be sprung from two cast-iron skewbacks, helc* 
in place by iron rods as is shown in Fig. 6, When this is done, it is necessary 
to proportion the size of the rods to the thrust of the arch. The horizontal 
thrust of the arch may be very closely determined by the following formula: 



Horizontal thrust 


load on arch X span 
8 X rise of arch in feet 


If the load is concentrated at the center of the arch, the thrust will be twice 
that given by this formula. 

The tensional stress in the rod or rods will equal the horizontal thrust 
of the arch and if there are two rods, the stress in each will be one-half the 
thrust. If there are three rods, then each must resist one-third the thrust. 
Knowing the stresses in the rods, the size of each may be determined from 
Table II, Chapter XI. 

Example 1. Let us assume that a brick arch, like the one shown in{Fig. 6, 
has a span of 15 ft, a rise at the center of 1 ft 6 in, and that it supports a 12-in 
brick wall. The weight of all the brick masonry above the arch does not come 
upon it. Usually only an equilateral triangle of brickwork is considered, 




322 


[Chap. 8 


Stability of Masonry Arches 

the base of the triangle being the span. Assume, therefore, an equilateral tri¬ 
angle the sides of which are each 15 ft long. The altitude of this triangle is 
about 12.6 ft and its area will equal 15 ft X 12.6 ft X ■» 94j^ sq ft. If the 
wall is 12 in thick there will be cu ft of brickwork within this triangle of 
the wall; and since ordinary brickwork weighs about 115 lb per cu ft, its 
weight will be about 10 867 lb. Substituting these values in the formula, 

, Al 10 867 X 15 

The horizontal thrust =* — -—— — 13 584 lb 

8 X 1.5 

Looking in Table IT, Chapter XI, it appears that one lj^-in or two ij^-in 
plain, round wrought-iron rods, or one lj^-in or two %-in round, upset, steel 
rods should be used. 

Centers for Arches. A center is a temporary structure, generally of 
timber, on which the voussoirs of an arch are supported while the arch is being 
built. It consists of parallel frames or ribs, placed at convenient distances 
apart, curved on the outside to a line parallel to that of the soffit of the arch, 
and supporting series of transverse planks, upon which the arch-stones rest. 
The center commonly used is one which can be lowered, or struck all in one 
piece, by driving out wedges from below it, so as to remove at once the support 
from every point of the arch. The center of an arch should not be struck until 
the solid part of the backing has been built and the mortar has had time to 
set and harden; and when an arch forms one of a series of arches with piers 
between them, no center should be struck so as to leave a pier with an arch 
abutting against one side of it only, unless the pier has sufficient stability to 
act as an abutment. When possible, the striking of the center of large 
brick arches should be delayed for two or three months after the arch is 
built, and during the period that they are in place they should be eased from 
time to time. This is done by easing out the wedges under the centers a 
little at a time so as to let them down gradually and thus adjust any slight 
settling or shrinkage of the masonry as it occurs. 

Mechanical Principles of the Arch. In designing an arch, the first ques¬ 
tion to be settled is the form of-the arch; and in regard to this, as already 
noted, there is generally little choice. When the abutments are of ample size, 
the segmental arch is the strongest; but when it is necessary to make the 
abutments of the arch as small as possible, the semicircular or the pointed 
arch should be used. 

Depth of Keystone. Having decided upon the form of the arch, the depth 
op the arch-ring must next be decided. This is generally determined by 
computing the required depth of the keystone and making the depth of the 
whole ring the same or a little larger. In considering the strength of an arch, 
the depth of the keystone is considered to be only the distance from the ex- 
trados to the intrados of the arch; and if the keystone projects above the 
arch-ring, as in Fig. 1, the projection is considered a part of the load on the 
arch. There are several rules for determining the depth of the keystone, but 
all are empirical; and they differ so greatly that it is difficult to recommend 
any particular one. 

Rankine’s Formula for Depth of Keystone. Professor Rankine’s rule 
is often quoted, and gives results which are probably true enough for most 
arches. It applies to both circular and elliptical arches and is as follows. 
Take a mean proportional between the inside radius at the crown, and 0 12 of 
\ foot for a single arch, and 0.17 of a foot for an arch forming one of a scries: 
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Depth in feet of keystone for single arch - \ZI (0.12 X radius at crown) 

Depth in feet of keystone for arch of a series — *s/ (0 . 17 x radius at crown) 


The dimensions given by this formula seem to agree very well with those 
generally used in practice in arches of a certain kind. The formula, however, 
gives the same depth of keystone for spans of any length, provided the radius 
is the same; amd in this particular it would seem that the rule is not satisfactory. 


Trautwine’s Formula for Depth of Keystone. Trautwine, from calcu¬ 
lations made for a large number of arches, deduced a formula for the depth of 
keystone, which seems to agree with theory more closely than Rankine’s 
formula. His rule is, for cut stone, 


Depth of key in feet 


(y /radius + half span\ 

l 4 / 


+ 0.2 ft 


For second-class work this depth may be increased about one-eighth part, 
or for brickwork or fair rubble, about one-third. 

Tables for Depths of Keystones. Table I gives a few examples of the 
depths of the keystones of some bridges, together with the depths which 
would be required by Trautwine's or Rankine’s formula. From this table it 
is seen that the results of both formulas agree very well with dimensions used 
in actual practice. 


Table I. Depths of Keystones of Some Arches of Circular Arc 






Actual 
depth 
of key 

ft 

Calculated 
depth of key 


Name or location of 
structure 

Span 

ft 

Rise 

ft 

Radius 

ft 

Traut¬ 

wine’s 

Rule 

ft 

Ran¬ 

kine’s 

Rule 

ft 

Engineer 

Cabin John, Washing¬ 
ton aqueduct. ... 

220.0 

57 25 

134 25 


4 11 


Meigs 

Grosvenor bridge, 
Chester, England. 

200.0 




4.07 

4.10 

Hartley 

Dora Riparia, Turin, 
Italy. 

148 0 

| 

160 10 

4 92 

4.03 

4 38 

Mosca 

Tongueland, England 

118 0 

KfXmn 

64.80 

3.50 

3.00 

2.79 

Telford 

Dean bridge, Scotland, 
in a series. 

90,0 


48.90 

3.00 

2 62 

2.88 

Telford 

Falls bridge, Phila¬ 
delphia & Reading 
Railroad . 

B - 


43.00 

3.00 

2.46 

2.27 

Steele 

Chestnut St. bridge, 
Philadelphia, brick 
in cement. 

60.0 


34 00 


i 

2.20 

2.00* 

Kneass 

Philadelphia 8t Read¬ 
ing Railroad. 

44.0 

8.00 

34.30 


2.08 

2 02 

Steele 

Philadelphia St Read¬ 
ing Railroad 

31 2 

5 00 

26 80 


1 83 

1,79 

Steele 


• For first-class cut-stone work. 


Table II * gives the depths of keystones for arches of first-class cut stone 
according to Trautwine’s Formula. For second-class cut stone, add about 

•Taken from The Civil Engineer's Pocket Book, John C. Trautwine. 
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one-eighth part and for fair rubble or for brickwork about one-third part, as 
stated with formula. 


Table n. Depths of Keystones for Arches of First-Class Cut-Stone 

Masonry 


Span 




X 

H 

X 

H 

Mo 

ft 

ft 

ft 

it 

ft 

ft 

it 

ft 

2 

0 55 

0 56 

0 58 

0 60 

0 

61 

0 64 

0 68 

4 

0 70 

0 72 

0 74 

0 76 

0 

79 

0 83 

0 88 

6 

0.81 

0 83 

0 86 

0 89 

K] 

92 

0 97 

1 03 

8 

0 91 

0 93 

0 96 

1 00 


03 

1 09 

1 16 

10 

0 99 

1 01 

1 04 

1 07 

1 

11 

1 18 

1 26 

15 

1.17 

1 19 

1 22 

1 26 

1 

30 

1.40 

1 50 

20 

1.32 

1 35 

1 38 

1.43 


48 

1 59 

1 70 

25 

1 45 

1 48 

l 53 

1 58 

1 

64 

1.76 

1 88 

30 

1 57 

1 60 

1 65 

1 71 

1 

78 

1 91 

2 04 

35 

1 68 

1.70 

1 76 

1 83 

1 

90 

2 04 

2 19 

40 

1.78 

1 81 

1 88 

1 95 

2 

03 

2 18 

2 33 

50 

1 97 

2 00 

2.08 

2 16 

2 

25 

2 41 

2 58 

60 

2 It 

2.18 

2 26 

2 35 

2 

44 

2.62 

2 80 

80 

2 44 

2 49 

2.58 

2 68 

2 

78 

2 98 

3 18 

100 

2 70 

2 75 

2.86 

2.97 

3 

09 

3 32 

3 55 

120 

2.94 

2 99 

3 10 

3 22 

3 

35 

3 61 

3 88 

140 

3. 16 

3 21 

3 33 

3.46 

3 

60 

3 87 

4 15 

160 

3.36 

3.44 

3 58 

3.72 

3 

87 

4 17 


180 

3.56 

3.63 

3 75 

3 90 

4 

06 

4 38 


200 

3.74 

3.81 

3.95 

4. 12 

4 

29 



220 

3.91 


4 13 

4 30 

4 

48 



240 

4.07 

4 15 

4.30 

4 48 





260 

4.23 

4.31 

4.47 

4.66 




1 

280 

4.38 

4 46 

4.63 






300 

4 51 

4 62 

4 80 





/ 


Example 2. Having decided what the thickness of the arch-ring will be it 
remains to determine whether such an arch would be stable if built. The 
following example will illustrate the method of determining this. 

Consider an unloaded semicircular arch of 20-ft span. 

First, to find the depth of the keystone, we will use Rankine’s Formula. 

Depth of key - \/o 12~>Tio - \^L2 - 1.1 ft 

Trautwine’s Formula gives nearly the same result, 

Depth of key - — ■ — -f 0.2 ft - 1.3 ft 
4 

But if we should compute the stability of a 20-ft semicircular arch with a 
keystone 1.3 ft deep, we should find that the arch is very unstable; hence, in 
this case, we cannot use the formula and must act upon our own judgment. 
In the opinion of the author, the arch-ring of such an arch should be at least 
ft deep and the stability of the arch should be tested for that thickness. 
In all calculations on the arch, it is customary to consider it 1 ft thick at 
right-angles to its face. This allows the areas or the faces to be substituted 
for the actual weights of the voussoirs and their loads. This method was 
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used in the discussion of Retaining-Walls, Chapter IV, and Piers and But¬ 
tresses, Chaper VII. Furthermore, it is evident that if an arch 1 ft thick is 
stable, any number of arches of the same dimensions built alongside of it 
would be stable. In determining the stability of masonry arches it is also 
customary to neglect any increase in the strength of the arch from the mortar 
in the joints, or in other words, to consider the arch as laid up dry. 

Graphic Determination of the Stability of Arches. An arch has already 
been defined as a particular arrangement of blocks of stone or other material, 
these blocks being called the vous- 


sotrs. For the sake of simplicity 
consider an unloaded arch. In 
such an arch each voussoir is sub¬ 
jected to the action of three forces, 
(1) the thrust that it receives from 
the voussoir next above it in the arch- 
ring, (2) the force of gravitation, or its 
own weight and (3) the reaction to 



the resultant thrust. The first two Fig. 7. Equilibrium of Forces oa Voussoir 
forces combine into one and form the 


thrust that this voussoir exerts on the one next below it in the arch-ring 
(Fig 7). The points in which these various thrusts cut the joints are called the 
centers of pressures of the joints, while the line joining these centers of 
pressure is called the line of pressure or line of resistance.* In order 
that an arch may be absolutely stable, this line of resistance must fall within 
the middle third of the arch-ring (See Theorem of the Middle Third, Chap¬ 
ter IV.) If the arch is stable the centers of pressure on the various joint-lines 
are within the middle third of the voussoir-depths and the angles made by the 
different thrusts with the normals to the joints are less than the angle of 
friction of the material of which the arch is constructed. If these conditions 



F'lg. 8. Failure of Semicircular Arch. 
Ilauachcs Sliding Down 


Fig. 9. Failure of Semicircular Arch. 
Haunches Sliding Up 


are not fulfilled the criteria of safety, explained in Chapter VII in the dis¬ 
cussion of the Stability of a Buttress, will not be satisfied; and at any joint 
where these conditions do not obtain, the voussoir above the joint will tend to 
sude along the joint-plane if the angle made by the thrust with a normal to 
the joint is greater than the angle of friction. If the center of pressure lies 
outside the middle third, there will be a tendency for the voussoir to over¬ 
turn. When these tendencies reach extreme limits actual failure may 
occur. Figs. 8, 9, 10 and 11 illustrate some of the ways in which an arch may 
fail, Figs. 8 and 9 showing different parts of the masonry sliding on the joints 
and Figs. 10 and 11 the failures caused by the passing of the line of pressure 
near the intrados or extrados. 

* This line is called, interchangeably, the line or pressure, the line of resistance 
the REsisTANCE-UNE, etc. (See, also, Chapter XXIX.) 
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Before passing to the actual discussion of the graphic method for determin¬ 
ing the stability of arches, a consideration of the action of the stresses devel¬ 
oped in a construction of this kind will assist in a clearer understanding of 
the subject. 

Fig. 8 shows how, if the line of resistance along the haunches of the arch 
should turn sharply downward and in so doing make with a normal to one of 
the joints an angle greater than the angle of friction, the voussoirs at this point 



Fig. 10. Failure of Semicircular Arch. Fig. 11 Failure of Pointed Arch. 

Opening of Arch-ring Opening of Arch-ring 


would tend to slide inward on their joint-planes, forcing outward the voussoirs 
at the spring and crown of the arch. Fig. 9 shows how failure of the arch 
would occur under similar conditions, but with the line of resistance turning 
sharply upward instead of downward. In these two cases it is conceivable 
that, although the resistant thrust at the joint where failure takes place 
makes an angle with the normal greater than the angle of friction, its point of 
application is still within the middle third of the joint. 

Figs. 10 and 11, on the contrary, illustrate methods of failure in which, 
although the angle made by the thrust may be such as to cause no supping 
of one joint on another, its point of application is sufficiently outside the 
middle third of the arch-ring itself at the crown to cause overturning In 
Fig. 10 the line of resistance passes high up, or perhaps entirely outside of the 
arch-ring, in the voussoirs at the crown of the arch and low down along the 
haunches. In Fig 11 exactly contrary conditions exist 

The ten ways in which a masonry arch may fail have been classified as fol¬ 
lows: * “ (1) By crushing of the masonry, (2) By sliding of one voussoir upon 
another; (3) By one voussoir or section of masonry overturning about an 
adjacent voussoir or section; (4) By shearing in a horizontal or vertical 
plane, this applying to solid concrete arches and not to voussoirs; (5) As a 
column when the ratio of the unsupported length of an arch to its least width 
is greater than twelve; (6) From striking the centering before the mortar 
is hard or when the arch, although stable under the full load, is not stable 
under its weight alone; (7) By striking the centering or loading the arch 
during construction unsymmetrically; (8) By settlement of the founda¬ 
tions; (9) By sliding upon the foundations; (10) By overturning about 
any point in the pier or abutment. Methods (8) and (9) are the most com¬ 
mon ways of failure. All methods of failure, however, must be guarded 
against in design.” 

While some of these ways of failure may seem other than those illustrated 
in the foregoing figures, they may be perhaps more properly considered causes 
of failure than ways of failure; and all, with the exception of the first, 

• W. J. Douglas in American Civil Engineering Pocket-Book, page 625 . 
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bring about a position of the line of resistance in the arch-ring which causes 
failure in one of the ways noted. 

In regard to the method of failure (1), the conditions may be such that the 
loading, although symmetrical, is so excessive that although the line of resist¬ 
ance remains within the middle third, the total pressure on a joint is sufficient 
to crush the material of which the arch is constructed. Such conditions, 
however, are not common. 

From the foregoing discussion it is evident that in order to determine 
whether or not a given arch is stable, it is necessary to find the true line of 
resistance corresponding to the conditions of loading, form and dimensions 
of that particular arch. It is always possible, in every arch-ring, to pass one 
maximum and one minimum line of resistance. The true line of resist¬ 
ance will lie somewhere between these two. The method of procedure, there¬ 
fore, is to pass tentatively, a line of resistance, either a maximum or a mini¬ 
mum one, and see if it remains within the middle third. If it does not, as it 
may not be the true line of resistance, it does not mean necessarily that the 
arch is not stable. The next step then, is to note where it departs farthest from 
the middle third, and to pass a second line of resistance through the same point 
on the crown-joint and the point on the line of the middle third where the 
original line departs farthest from the middle third. If this second line of re¬ 
sistance remains within the middle third it is reasonable to assume that the 
arch is stable. In these various operations it is only necessary to consider half 
the arch when the loading is symmetrical, and this is usually the case in 
architectural problems. The number of voussoirs, also, into which we 
divide the half-arch, is immaterial and the joints need not coincide with those 
of the actual arch. 

In order to pass a line of resistance through an arch-ring, the thrust exerted 
by the other half at the crown-joint on the half-arch is first determined. 
This thrust is then combined with the resultant of the weight of the first vous- 
soir and its load to determine the thrust exerted by this vousscir on the one 
next below it, and this thrust, in turn, is combined in the same way with the 
resultant of the weight and the load of the second voussoir, and so on dowm to 
the springing-joint, for each succeeding voussoir. The points in which the 
various lines representing the thrusts cut the joints are known as the centers 
of pressure, and the line joining them is the line of pressure or line of 
resistance. In performing this operation, the center of gravity of each 
voussoir as well as the line passing through the center of gravity of the whole 
half-arch must be located. The face of each voussoir may be considered a 
trapezoid, ahd any one of the methods for finding the center of gravity of this 
figure may be used for finding the center of gravity of each voussoir. The 
method of dividing the trapezoid into triangles is here employed and is 
shown at the side of the arch in Fig. 12. (See, also, in Chapters VI and 
VII.) As the determination of the position of the line passing through the 
center of gravity of the half-arch is the problem of finding the resultant of 
a system of parallel forces, the method involving the drawing of the 
equilibrium-polygon may be used. The most convenient way to determine 
the stability of an arch is to use the graphic method. The steps in this 
method are outlined in the preceding paragraphs. Each of the operations 
will now be considered in detail. 

First Step. Draw one-half the arch to as large a scale as convenient, and 
divide it into voussoirs of equal size. In the example shown in Fig. 12, the 
arch-ring is divided into ten voussoirs of equal face-areas. As already pointed 
out, it is not necessary that these should represent the actual voussoirs of 
which the arch is built. Next, the face-area of each of these voussoirs is to be 
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found. Where the arch-ring is divided into voussoirs of equal size, this is 
most easily done by computing the total area of the arch-ring and dividing this 
total area by the number of voussoirs. The formula for finding the area of 
one-half the arch-ring is as follows: 

Area in square feet » 0.7854 (r* - ft 2 ) 

In this formula r is the outside radius and r\ the inside radius in feet. 

In this problem, for example, if the 

Area of the arch-ring - 0.7854 (12.5 2 - 10 2 ) - 44.2 sq ft 

as there are ten equal voussoirs, the area of each voussoir is 4.42 sq ft. Hav¬ 
ing drawn out one-half of the arch-ring, divide the crown-joint into three equal 

parts, and with radii 

Method of finding center of O'E and O'F de- 

of gravity of^roaesotr scribe the arcs divid- 

A c A ing the arch-ring into 

Thra**«*pP thirds. 

Second Step. Choose 
the points E and II 
through which to pass 
a MINIMUM LINE OF 
RESISTANCE. The 
points F and G t 
through which a max¬ 
imum LINE OF RESIST¬ 
ANCE can be passed, 
could equally well 
have been chosen. It 
should be noted that 
an unloaded semicir¬ 
cular arch is more apt 
to fail by opening at 
the intrados at th'i 
Fig. 12. Line of Pressure in Unloaded Semicircular Arch-ring crown and attheextra- 

dos at the haunch, and 

therefore, in this case, the line of resistance probably passes nearer the outer 
third at the crown and nearer the inner third at the haunch- To deter- 
termine this minimum line of resistance the minimum thrust, applied at 
the point E of the crown-joint, must first be determined. 

The half-arch is in equilibrium under the action of three forces: (1) the 
thrust at the crown, acting horizontally, applied at the point E and prevent¬ 
ing the half-arch from overturning inward; (2) the weight of the half¬ 
arch considered as a vertical force, acting through its center of gravity and 
tending to overturn it inwards about the point D; and (3) A force equal and 
opposite to the resultant of these two forces and passing from H to I. / is 
the intersection of the weight-line through the center of gravity of the half¬ 
arch, with the line of action of the thrust at the crown, prolonged. It is thus 
possible to construct the triangle of these three forces and determine the 
magnitudes of the thrusts, when the position of the weight-line of the half- 
arch is determined. It is first necessary to draw a vertical line through the 
center of gravity of each voussoir. The center of gravity of one of the vous¬ 
soirs may be found by the method of triangles, as shown in the supplement¬ 
ary figure at the side of the arch-ring. 

Having determined the positions of the centers of gravity of the voussoirs. 
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locate them on the voussoirs as shown. From the point E (Fig. 12) lay off 
vertically, to a scale of so many square UNits to A linear unit, the area of 
each voussoir, one below the other, commencing with the top voussoir. The 
length of the line EK will then equal the total area of the arch-ring. From E 
and K (Fig. 12) draw 45° lines intersecting at 0. Draw Ow 1, Ow 2, Ow 3, etc. 
Then where OE intersects the first vertical line through the center of 
gravity of the first voussoir at a, draw a line parallel to Ow 1, intersecting the 
second vertical at b. Draw be parallel to Ow 2, cd parallel to Ow 3 and so on 
to k. Draw kL parallel to Ow 10 and prolong it downward until it intersects 
EO prolonged, at L. A vertical line drawn through L will pass through the 
center of gravity of the half arch-ring. This is an application to a practical 
problem of the method of finding, by the equilibrium-polygon, the line of 
action of the resultant of a system of parallel forces. The weights of the 
individual voussoirs act along parallel vertical lines and the weight of the 
half-arch is their resultant in magnitude. 

Third Step. To determine the thrust at the crown and the reaction 
at the spring, draw a horizontal line through E, the upper part of the middle 
third, and a vertical line through L, the two lines intersecting at 1 (Fig. 12). 
For the arch to be stable, it is, in general, considered necessary for the line 
of resistance to pass within the middle third. First, assume that the line 
of pressure or resistance starts at E and comes out at II. Draw a line III 
the direction of the line of action of the resultant of the thrust at the crown 
and the weight of the half-arch, and draw, also, a horizontal line opposite the 
point w 10, between N and M. This horizontal line MN represents the mag¬ 
nitude of the horizontal thrust at the crown, for INM is the triangle of the 
three forces in equilibrium, the thrust at the crown, the weight of the 
half-arch and the reaction at the spring. Draw w 10 O* parallel to III , and 
the lines O p w 1, O p w 2, O p w 3, etc. O p E, equal to NM, is the thrust at the 
crown, and w 10 OP, equal to MI, the reaction at the spring. INM and EKO* 
are similar triangles. 

Fourth Step. It is required next, to determine the line of resistance 
through the arch-ring. The thrust at E is combined with the weight of the 
first voussoir; their resultant is found and in turn combined with the weight 
of the second voussoir; and so on for all the voussoirs. The intersections of 
these resultants with the joint-lines arc the centers of pressure; the line 
joining these centers of pressure is the line of resistance. 

These resultants could be determined by drawing a series of parallelo¬ 
grams of forces over each voussoir. This W'ould complicate the figure and 
involve unnecessary labor. It is found more convenient to draw the trian¬ 
gles of forces one after the other, at the right-hand side of the figure and 
then transfer the results thus obtained by means of parallel lines to the figure 
itself, especially as the weights of the voussoirs have already been laid off 
along the line EK, at Ew 1, w 2, w 3, w 4, w 5, etc. 

Then from the point where 0 p E prolonged intersects the first vertical in 
voussoir number 1, draw a (green) line to the second vertical, parallel t oO p Wi; 
from this point, a (green) line to the third vertical, parallel to 0*w 2 and so 
on. The last line should pass through H. Join the various points, where 
these (green) lines cut the joints at the centers of pressure, by the broken (red) 
line. This last line drawn is the line of resistance. If this line lies en¬ 
tirely within the middle third of the arch-ring, the arch may be considered 
to be stable. But suppose that the line of resistance passes not only out¬ 
side of the middle third but also outside of the arch-ring itself; it is still pos¬ 
sible that the arch is not unstable. This is the case in Fig. 12 and we will 
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next determine if a line of resistance can be drawn which will remain within 
the limits of the middle third of the arch-ring. 

Fifth Step. The Second Trial. Reproducing the condition of Fig. 12 in 
Fig. 13, without the construction lines, it is seen that the line of resistance 

leaves the arch-ring at R and 
enters it again at S, while it is 
^—’ furthest from it at U. If, at U t 

^—- a perpendicular is erected to a 

- straight line joining the two 

- B points R and S, this perpen- 

A dicular line VW, called the line 

A/ / A^ of fracture, will be approxi- 

x / AAA mately the trace of the plane 

/ / A along which, with the line of 

// / resistance under consideration, 

J / / A u the arch will tend to fail, pre- 

/ / // ' '■''xl'n. ol tractor. sumedly by TURNING OVER to 

j j / / the right about the point V . 

I ! j J s v. \ _ This shows that the thrust at 

I If] the crown, assumed to be 

I I I' / applied at the point E , while of 

J j | [ Spring-line [ sufficient intensity to maintain 

C G D I equilibrium about H , is not of 

Fig. 13. Line of Fracture in Unloaded Semi- suffi .* n . t *° ™ aintain 

circular Arch-ring equilibnum about V. If now a 

SECOND THRUST, of suffiaent 
intensity to maintain equilibrium about V, or better, about X , can be applied 
at E without being so great in magnitude that it will overturn the arch 
outward about G, or some other point on the outer line of the middle third, it 


Xlne of fracture 


Spring-line 



C 6 H 0 

Fig. 14. Second Line of Pressure in Unloaded Semicircular Arch-ring 


is reasonable to conclude that the line of resistance resulting from this thrust 
is very nearly the true line of resistance in the arch-ring and that the arch 
is stable. 

In order to determine this new line of resistance the new thrust at the 
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crown must be found (Fig. 14). The preliminary steps required for this are 
the same as before until the seventh voussoir is reached. This is divided into 
two voussoirs by the line VW (Fig. 14), one being w6 w6 a and the other the 
remainder of this seventh voussoir, and this division must be allowed for along 
the load-line EK, at w6 w6 a . The line w6 w6 a represents the area of voussoir 
6 a , and the line w6 a w7 the area of the remainder of the seventh voussoir. 

The vertical line IL , passing through the center of gravity of that part of 
the half-arch above the line VIV, is found by prolonging backwards the line Ag, 
parallel to 0 w6 a , until it intersects OE at L. To find the new thrust at the 
crown by completing the triangle of forces for this thrust and the force 
equal and opposite to their resultant, the inclined (blue) line must be drawn 
through the point X and the horizontal (blue) line through w6 a . The new 
thrust then is as before NM, equal to O p E. This thrust is laid off at O p E, the 
(green) lines 0 p w 1, O p w 2, O p w 3, etc., being drawn as before and the newline 
of resistance being drawn through the points where the parallels to these 



Fig. IS. Line of Pressure in Loaded Semicircular Arch-ring. 

(green) lines cut the joints. This new line of resistance, if drawn cor¬ 
rectly, should pass through X. It lies within the middle third, except for a 
short distance at the springing, and hence it is justifiable to consider the arch 
stable. If it had passed outside the middle third to any great extent, in this 
second trial, this presumption would not have been justified. 

This discussion explains the method of determining the stability of an 
unloaded semicircular arch. Such cases very seldom occur in practice, 
but they serve to illustrate the methods which apply generally to all other 
cases. With loaded arch-rings there is slight difference in the method of 
determining the position of the center of gravity. 

Example 3. A loaded or surcharged semicircular arch (Fig. 15) will be 
considered next. Assume the same arch shown in Figs. 12, 13 and 14, and 
suppose it to be loaded with a wall of masonry of the same thickness and 
weight per square foot as that of the arch-ring, the upper surface of the wall 
being an inclined plane, 1 ft above the arch-ring at the crown, and 8 ft abovt' 
it at the spring. The assumption of the particular load in this case is a purelj 
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arbitrary one for the purpose of illustrating the method of solution. The 
determination of the actual load that comes upon an arch in any given case 
is by no means easy, so numerous arc the uncertain elements that affect the 
transmission of this load to the arch-ring. 

The customary procedure is to assume that the load is itself transmitted 
to the arch-ring vertically downward. Each voussoir thus receives that 
portion of the load which is included between two vertical lines drawn to the 
points of intersection of the joints on either side of that voussoir with the 
extrados. Having made this assumption it is necessary next to determine 
how much of the total superimposed masonry bears upon the alch-ring. 

It is a matter of common observation that if an opening is made in a wall, 
especially in a wall that has stood for some time, the major portion of the 

masonry above this opening is self- 
supporting, limited portions only, bound¬ 
ed by a somewhat irregular line, falling 
down into the opening, as shown in 
Fig. 16. The profile of this boundary¬ 
line depends upon the nature of the 
material of which the wall is con¬ 
structed, the size of the stones, bricks, 
etc. the character of the bond and the 
quality of the mortar. This being the 
case, all the masonry above an arch 
should not be considered as the load 
on it. Some authorities recommend 
Fig. 16. Triangle of Loading over cons idering as the proper load, for brick- 
Opening work, a triangular part of the wall, 

the sides of which triangle have an inclination to the horizontal of 45°; 
others assume an inclination of 60° (Fig. 16). The exact determination of 
this load by mechanical laws is difficult if not impossible. It is better to con¬ 
sider each case separately and by a careful study of the conditions to deter¬ 
mine as closely as possible just what portion of the weight of the superimposed 
masonry is transmitted to the arch. Having assumed a load for this partic¬ 
ular arch-ring (Fig. 15), the procedure is as follows: 

First Step of Example 3 , This involves the finding of the center op grav¬ 
ity of the arch-ring and load combined. Divide the arch-ring into five 
voussoirs of equal size. In this case the area of each voussoir is equal to 
44.2 sq ft +5, or 8.8 sq ft. (See under First Step, Fig. 12, preceding exam¬ 
ple.) The surcharge or load, also, is divided into five parts, not necessarily 
equal, by drawing vertical lines to the points of intersection of the joints and 
the extrados. The approximate area of each one of these surcharges is found 
by multiplying half the sum of the lengths of the two parallel vertical sides 
by the length of the horizontal distance between them. 

The positions of the center of gravity of each voussoir and of the center of 
gravity of each voussoir-surcharge are determined as in the preceding exam¬ 
ple. The centers op gravity of these surcharges can be found by dividing 
each trapezoidal figure into triangles as shown, remembering that the 
medial line in this case joins the middle points of the two parallel faces. 
As the latter are vertical, the medial lines approach a horizontal direction. 
This construction is shown on surcharge l a , Fig. 15. Having drawn the 
lines of action of the weights of the various voussoirs and of their loads 
through their respective centers of gravity, the lines of action of the combined 
weight of each voussoir and its load must be found. The construction for this 
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operation is shown at the left of Fig. 15. The method used, that of the 
equilibrium-polygon, is the same as that employed in the previous example 
to find the line passing through the center of gravity of the half-arch, only in 
this case the forces are reduced to two. Furthermore, as the areas of the 
various voussoirs are equal it is possible to superimpose the different force- 
diagrams, one over the other, and so save considerable labor. Begin, there¬ 
fore, by laying off along the line RS at the left of the loaded arch, and at any 
convenient scale, fw, the area (weight) of a voussoir; then from w, in turn, 
the distances w 1®, w 2®, w 3°, etc., representing the areas of the successive 
surcharges, 1®, 2®, 3®, etc., always at the same scale. The scale to be em¬ 
ployed later for laying off the combined weights of the voussoirs and their 
loads along the line AK is the best one to choose, but the difference in scales 
is not important. In this particular instance the two points l a and 5 a coin¬ 
cide because the two areas 1® and 5®, although of different shapes, are each 
equal to 6.7 sq ft. This is a mere coincidence. Next draw JO" and 4® O" 
at 45° to RS, and in turn, 0"w , 0"l a , 0"2 a , etc. As the problem which 
presents itself is to combine the weight of each voussoir with its individual 
surcharge, and as the weights of all the voussoirs are equal, and, furthermore, 
as the forces which are to be combined to find their resultant are only two, the 
two pole-unf.s or rays O"/ and 0"w in the force-diagram serve in each case, 
and the funicular polygon is reduced to a triangle. Draw gh , ik, Im, np 
a id rs parallel to 0”w, and ht, ku, tnv, p.v and sy parallel to O"/; and draw gt, 
iu, Iv, nx and ry parallel respectively to 0"l a , O"2°, 0"3°, 0"4® and 0"5 fi . 
The points /, u, v, x and y are the points through which to draw the heavy 
(red) lines of action of the combined weights of the voussoirs and their sur¬ 
charges. 

Having found and drawn these lines, the procedure for finding the line IN 
is the same as in the previous example, except that the distances Ew 1 1°, w l 
l a , w2 2 a , etc., instead of being equal to the weights of the voussoirs alone, are 
equal to the combined weights of each voussoir and its surcharge, Ew 1 1°, 
being equal to/ l a , wl l a to w2 2 a being equal to/ 2 a , etc. 

The line EO is drawn at 45° to A O', but as the position of the pole-point, 
O, is entirely arbitrary, the line Ow 5 5® has been drawn in this case in such a 
way that O falls welt over toward the left of the figure, thus avoiding a certain 
amount of confusion in the drawing which would have resulted if Ow 5 5® 
had made an angle of 45° with AO f . The lines ab, be, cd and de are drawn 
respectively parallel to wl l a O, a*2 2®0, etc., and eL is produced backward 
parallel to Ow 5 5® until it intersects EO at L , which is the point through which 
the heavy (red) line IN, passing through the center of gravity of the whole 
half-arch and its surcharge, should be drawn. A vertical line drawn through 
L will pass through the center of gravity of the arch-ring and its load. If 
this were an arch designed for a building and if the only abutments possible 
were of such size and form that it was essential for the thrust exerted by the 
last or fifth voussoir on these abutments to approach more nearly the vertical, 
the architectural expedient of increasing slightly the weight of the surcharge, 
5®, on this voussoir by adding some piece of ornament, such as a cartouche, 
could be resorted to. A case of this kind in actual practice is the archway over 
the entrance to the service-courtyard of the Grand Opera House in Paris, 
where the pyramidal stone ornaments which surmount the cornice on either 
side of the central motive were added after the original design was 
made, with this end in view. In the example illustrated in Fig. 15 the 
areas of the faces of the surcharges are shown by the figures on these 
faces. For the second surcharge from the crown, for example, the area is 
8.1 sq ft. 
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Fig. 17. Line of Pressure in Loaded Segmental Arch-ring 
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Second Step of Example 3. This involves the determination of the thrust 
at the crown and the line of resistance. The method of finding this 
thrust at the crown is similar to that employed in the previous example. In 
that example y however, it was found that this thrust, applied at E and deter- 
mined by assuming H as the point of application of the reaction at the spring, 
produced a line of resistance which fell considerably below the middle third. 
But instead of performing the operations required by a second trial, as in the 
previous example, the expedient is tried of slightly increasing the inclination 
to the vertical of the (blue) line IM t and so assuming a someivhat greater 
thrust at the crown. As the line of resistance, as shown in Fig. 15, passed 
with this thrust departs but slightly from the middle third near the springing, 
we are justified in assuming that this arch is stable under the given condi¬ 
tions. The method used for this example may be used, also, for a semiellip¬ 
tical arch. 

Example 4. This example (Fig. 17) illustrates the application of the pre¬ 
ceding methods, with some variations, to the determination of the position 
of the center of gravity of a loaded segmental arch, the thrusts at the crown 
and spring and the line of pressure or resistance through the arch-ring. In 
this case, instead of dividing the arch-ring into a certain number of voussoirs 
with joints radiating from a center and considering the surcharge on each 
individual voussoir, the method of dividing the arch-ring and its load into 
vertical slices, in this case 2 ft wide, and computing the areas of the 
entiie slices has been adopted. Having computed the areas of the slices, 
including in each case the combined areas of the sliced part of the arch-ring 
and its surcharge, we lay them off in order from E, to a convenient scale, and 
then proceed as in the previous examples. The remaining steps required to 
determine the thrusts at the crown and at the spring and the line of resistance 
are also the same as explained in the foregoing paragraphs. In a flat seg¬ 
mental arch there is practically no need of dividing the arch-ring into vous¬ 
soirs by joints radiating from a center, in order to determine its stability. 
Of course, when built, they must be made to radiate. 

Fig. 17 shows the graphical analysis of an arch of 40-ft span and carrying 
a load 13H ft high at the crown. The depth of the arch-ring is 2 ft 6 in. It 
is seen that the line of resistance lies entirely within the middle third, and 
that the arch is therefore stable. It is to be noted that the line of resistance 
in a segmental arch should be drawn through the lower or inner edge of 
the middle third at the springing. It is to be noted, also that the horizontal 
thrust at the crown and the thrust T against the supports are very great when 
compared with those in a semicircular arch; and hence, although the 
segmental arch is the stronger of the two, it requires much heavier abut¬ 
ments. The foregoing examples serve to show the various methods of deter¬ 
mining the stability and thrusts of any arch used in buildings. 
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CHAPTER IX 

REACTIONS AND BENDING MOMENTS FOR BEAMS 

By 

CHARLES P. WARREN 

LATE ASSISTANT PROFESSOR OF ARCHITECTURE, COLUMBIA UNIVERSITY 

1. Reactions for Simple Beams 

Definition of Reaction. One of the fundamental principles of static equi¬ 
librium is that the sum of all the forces acting upon a body in one direction 
must be balanced by the sum of another set of forces acting in the opposite 
direction. Therefore, in the case of a beam or girder, the loads acting down¬ 
ward must be balanced by an equal set of forces at the supports, acting up¬ 
ward. These upward forces are called thrusts, or reactions, and in com¬ 
puting the strength of beams one of the first steps is to determine them, since 
the loads are usually given in intensity and position. 

The Principle of Moments. The reactions may be determined by th* 
application of another fundamental principle of static equilibrium for forces 
acting in the same plane. The algebraic sum of the moments of all the forces 



Fig. 1. Simple Beam. One Concentrated Load 


taken about any point in the plane in which they act must be zero. The 
moment OF a force about a point is the product of the magnitude or intensity 
of the force by the perpendicular distance between the line of action of the 
force and the point. The perpendicular distance is called the lever-arm, 
and the point the center of moments. Forces acting upward are considered 
positive and those acting downward are considered negative. The center 
of moments may be taken at any point in the plane of action of the forces, 
but it is more convenient to take it at one of the reactions. For example, the 
beam in Fig. 1 supports a concentrated load P at the distance m from the 
left support. To find the left reaction take the center of moments at the 
right reaction. Then the equation of moments is 

R\l - Pn - 0 

Ri - Pn/l 


from which 


* 1 ) 
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In like manner, to find R 2 the center of moments is taken at Ri and the 
equation of moments is 

R 2 l — Pm ■■ 0 

from which R 2 Pm/l (1)' 

From the first principle of statics mentioned, Ri 4 - R 2 must equal P; hence, 
as a check, Pnjl + Pm/l - P. 

Example 1 . Let a beam 15 ft in span support a concentrated load of 700 lb, 
6 ft from the left end; or, P = 700, m t* 6 and n 9. Then, from Formula 
( 1 ), Ri - 700 X 9/15 - 420 lb. R 2 - 700 X 6/15 - 280 lb, and 420 
+280 - 700 lb. 

For a concentrated load at the middle, or for a uniform load over a simple 
beam, it is evident without applying the conditions of equilibrium, that each 
reaction is one-half the load, for, in Formulas ( 1 ) and (1)', m and n each equal 

~ and R\ and R 2 - Yi P. 

For any number of concentrated loads (Fig. 2 ) the reactions may be found 
by adding together the reactions found by Formula (1) due to each load 
separately, or they may be computed in one operation by the following 
formula: 



Fig. 2. Simple Beam. Three Concentrated Loads 


To find the right reaction, the center of moments is taken at the left sup¬ 
port, and the equation of moments is 


R 2 l — P\t»i — P 2 m 2 — P 2 m 2 = 0 

, „ P + Pi^i + *V" 3 

hence, R 2 “-:- 


( 2 ) 


In like manner, to find R 1 the center of moments is taken at R 2 and the 
equation of moments is 

Ril — Pi»i — P 2 n 2 — P^tt 3 - 0 


from which 


*1 


P\n\ + P 2 n 2 + P*n 2 

l 


(3) 


Example 2. Suppose the beam in Fig. 2 is 20 ft in length. Let there be 
three concentrated loads of 500, 800 and 600 lb placed 5, 9 and 12 ft respec¬ 
tively from the left support. Then / - 20, mi -5, m% - 9, ms — 12» 
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Pi - 500, P% - 800 and - 600. Substituting in Formulas (2) and (3), 

500 X 5 4- 800 X 9 4- 600 X 12 


R 2 - 


Ri - 


20 

500 X 15 4 800 X 11 4 600 X 8 
20 


- 845 lb 


1 055 lb 


and 


500 4 800 -4 600 - 845 + 1 055 - 1 900 lb 


To find the reactions for a combination of uniformly distributed and con¬ 
centrated loads, to each of the reactions obtained by Formulas (1) or (2) for 
the concentrated loads, add one-half the distributed load. Thus, suppose the 
20-ft beam in this example weighs 40 lb per linear ft. This is considered as a 
uniformly distributed load and for the entire beam it is 40 lb X 20 *» 800 lb. 
By the rule, one-half of this is added to each reaction, so that the total reac¬ 
tions are, R 2 - 845 + 400 - 1 245 lb and - 1 055 + 400 - 1 455 lb. 

Example 3. For a distributed load applied over only a part of the span, as 
in Fig. 3, assume the load to be concentrated at the middle of the part over 



Fig. 3. Simple Beam. Distributed Load over Part of Span 


which it acts and use Formulas (t) and (1)'. For example, let w (Fig. 3) 
equal 50 lb per linear ft, applied for a distance of 5 ft over the beam. Then 
IV, the total load, is 50 lb X 5 * 250 lb. This may be assumed to be concen¬ 
trated at its center, 4.5 ft from the left support. Then P — 250, m — 4.5 
and n — 5.5; and from Formulas (l) and (1)', 


and 


Ri 


Ri 


25 0 X 5 5 
10 

250 X 4.5 
10 


137.5 lb 

112.5 lb 


Therefore, for any combination of concentrated ana uniform loads distrib¬ 
uted over the entire beam, or over only part of it, find the reactions due to the 
concentrated loads by Formulas (1) or (2), and to them add the reactions 
due to the uniformly distributed loads. 
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2. Bending Moments in Cantilever and Simple Beams * 

Definitions. The bending moment is a measure of the tendencies of forces 
to break a beam by bending or flexure. Fig. 4 shows the manner in which 
a simple beam, supported at the ends, breaks when subjected to a load greater 
than it can bear. The effect of a load upon a beam is to cause it to sag, or 
bend. The bending of the beam shortens, or compresses, the upper fibers and 
stretches, or elongates, the lower fibers. So long as the resistance of the fibers 
to shortening, or compression, and to stretching, or tension, is greater than 
the tendency of the load to disrupt them, the beam carries the load; but, when 
the load causes a greater tension, or compression, on the fibers than they are 
capable of resisting, the beam breaks. The stretching of the fibers before 
breaking allows the beam to bend; hence, the name bending moment has 
been given to the forces causing a beam to bend and perhaps ultimately to 
BREAK. 



Fig 4 Manner of Rupture of Simple Beam 


In order to calculate the flexural strength of a beam, it is necessary to 
ascertain the nature and extent, first, of the external forces acting to break 
the beam, and secondly of the internal forces or stresses tending to resist 
rupture t The external forces tending to break the beam by flexure are the 
downward loads and the upward reactions. Each acts with a leverage 
equal to the perpendicular distance from its line of action to the section at 
which the beam tends to break. The algebraic sum of the moments of these 
external forces on the left, or right, of any section is called the bending 
moment for that section, since it is the moment of the resultant of the 
forces which tends to bend the beam at that section. It is generally desig¬ 
nated by \f. Then, from the definition, the bending moment for any section 
of a beam resting on two supports and in a state of flexure under a load or 
loads is \f = the moment of cither reaction minus the sum of the moments of 
the loads between that reaction and the section. The moment of the reaction 


is upward, or positive, and the moment of 
any load downward, or negative, if the part 
of the beam on the left of the section is con¬ 
sidered. 

3. Bending Moments in Beams for 
Different Kinds of Loading 
Case I 

Beam Fixed at One End and Loaded with a 
Concentrated Load P t Near the Free End 
(Fig. 5). 

Maximum bending moment, at wall **Pxl 
Bending moment at any other section x — Px 



Fig. 5. Cantilever Beam. Con¬ 
centrated Load near Free End 


Note. If / is in feet, the bending moment will be in foot-pounds; if l is in 
inches, the bending moment will be in inch-pounds. 


* Sec, also, Chapter XV. 

f See Chapter X for a discussion of these internal stresses and of the resisting moment 
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Case II 

Beam Fixed at One End and Loaded with a Uniformly Distributed Load W 

(Fi«. 6). 

Maximum bending moment, at wall = W X //2 
At any other section x, M * wx x x/2 - wx'*j2 
Note. W « wl and w = the load per unit of length. 

Case m 

Beam Fixed at One End and Loaded with Both a Concentrated and m Uni¬ 
formly Distributed Load (Fig. 7). 

Maximum bending moment, at wall » P X h + W X hfl 



Fig. 6. Cantilever Beam. Uni- Fig. 7. Cantilever Beam. Distrib- 

formly Distributed Load uted Load and Load at Free End 

Case IV 

Beam Supported at Both Ends and Loaded with a Concentrated Load at the 
Middle (Fig. 8). 

Maximum bending moment, under the load *=* PI !4 



Beam Supported at Both Ends and Loaded with a Uniformly Distributed 
Load W (Fig. 9). 

Maximum bending moment, at the middle ■» Wl/8 
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Case VI 

Beam Supported at Both Bnds and Loaded with a Concentrated Load not 
at the Middle (Fig. 10). 

Maximum bending moment, under the load - Pmnjl 



Case VII 

Beam Supported at Both Ends and Loaded Symmetrically with Two Equal 
Concentrated Loads (Fig. 11). 

Maximum bending moment =» Pm and is the same for any section of the 
beam between the two loads. 




_i 

mi 




■ 


!H| 

giP 


Fig. 11. Simple Beam. Two Concentrated Loads Symmetrically Placed 

From these examples it will be seen that all the quantities which enter into 
the computation of the bending moment are the load, the span and the distance 
of the point of application of the load from the center of moments. 

Case VIII 

Beam Supported at Both Ends and Loaded with a Distributed Load 0?er 
Part of the Span (Fig. 12). 


i- 





h— It —H 




fm 

< j > 


Fig. 12. Simple Beam. Distributed Load over Part of Span 


If assumed under the center of the load, M *max « Wmnjl - Wl i/8 
When m and n are equal the bending moment - W X //4 — W X /i/8 

* This is only approximately correct when m and » are unequal. For the exact vahiq 
find the section of zero shear; the maximum bending moment will be at that section. 
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Example 4. In Fig. 12 let W = 800 lb, m = 8 ft, n = 12 ft, / *= 20 ft and 
li ■■ 8 ft. Then the bending moment 

- — -- Jj - ■- 2 - 8 °^ X - - 3 840 - 800 - 3 040 ft-Ih, or 36 480 in.Ib 
20 8 

Example 5. In Fig. 12 let nt = n — 10 ft, / = 20 ft, fa — 4 ft and W 
— 600 lb. Then the bending moment 

- - 3 000 - 300 - 2 700 ft-lb, or 32 400 in-lb 


The Bending Moment* for any Case Other than the Above may easily be 
obtained by the graphic method, which will now be explained. 


4. Graphic Method of Determining Bending Moments in 

Beams 


Beam with One Concentrated Load (Fig. 13). 

The bending moment of a beam supported at both ends and loaded with 
one concentrated load may be determined graphically, as follows: 



Let P be the load, ap¬ 
plied as shown. Then, by 
the rule under Case VI, 
the maximum bending 
moment is under the load 
and « Pmnll 

Draw the beam, with 
the given span, accurately 
to scale, and measure 
down the line AB, to a 
scale of foot-pounds to 
the linear INCH, a dis¬ 
tance equal to the bending 
moment. Connect B with 


each end of the beam. To find the bending moment at any other point of 
the beam, as at o, draw the vertical y to BC. Its length, measured to the 
same scale to which AB is drawn, will give the bending moment at o. The 
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Beam with Two Concentrated Loads (Fig. 14). 

To draw the bending-moment diagram for a beam with two concentrated 
loads, draw the dotted lines ABD and ACD , giving the bending-moment dia¬ 
grams for each load separately. EB is laid out to scale, equal to Pmn(l an d 
FC equal to PirslL 

The bending moment at the point E is equal to EB(l rom the load P) -f Eb 
(from the load P\), or M = EB -f- Eb => EB and at F the bending moment 
is equal to FC + Fc « FC\. The bending-moment diagram for both loads 
is ABiC\D and the maximum bending moment is, in this particular case, the 
line FCi measured to scale. 


Beam with Any Number of Concentrated Loads (Fig. 15). 

Proceed as in the last case, and draw the bending-moment diagram for 
each load separately. Make AD ~ A\ + A2 + AJ, BE - Bi + B2 -f B3 



Fig. 15. Bending-moment Diagram. Three Concentrated Loads 


and CF - Cl -f C2 -f- C3. The figure IIDEFIII will then be the bending- 
moment diagram corresponding to all the loads. The bending-moment 
diagram for a beam with any number of concentrated loads may be drawn 
in the same way. 

Beam with a Uniformly Distributed Load (Fig. 16). 

Draw the beam with the given span, accurately to a scale as before, and at 
the midtile of the beam draw the vertical line AB, to a scale of a certain number 
of FOOT-POUNDS to 

the linear inch, 
equal to H7/8, from 
Case V, W repre¬ 
senting the whole 
distributed load. 

Connect the points 
C, B, D by a pa¬ 
rabola to obtain the 

BENDING - MOMENT 
DIAGRAM. To find 
the bending moment 
at any point a, draw 
the vertical line ab, 
measure it to the same scale to which AB is drawn, and it will be the bending 
moment desired. Methods for drawing the parabola will be found in Part L 


B 



Fig. 16. Bending-moment Diagram. Distributed Load over 
Whole Beam 
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Beam Loaded with Both Distributed and Concentrated Loads (Fig. 17). 

To determine the bending moments in this case, combine the bending- 
moment diagrams for the concentrated loads and for the distributed load, as 
shown in Fig. 17. The bending moment at any section of the beam will then be 
limited by the line ABC on top and by the line CDF.FA on the bottom; and the 
maximum bending moment will be the longest vertical line that can be drawn 

between these two 
bounding lines. 

For example, the 
bending moment at X 
is BE. The point of 

MAXIMUM BENDING 

moment depends upon 
the position of the 
concentrated loads 
and the relative mag¬ 
nitude of the distrib¬ 
uted load; it may or 
may not occur at the 
middle of the beam or 
under one of the con¬ 
centrated loads. 

Example 6. What 
is the greatest bending 
moment in a beam of 



Fig. 17. 


Bending-moment Diagram. 
Concentrated Loads 


Distributed and 


20 ft span (Fig. 18), loaded with a distributed load of 800 lb, a concentrated 
load of 500 lb 6 ft from one end, and a concentrated load of 600 lb 7 ft from the 
other end? 


Solution. (1) The maximum bending moment due to the distributed load, 
from Case V, is JFZ/8, or 800 X 20/8 - 2 000 ft-lb. Lay off vertically over the 
middle of the beam, 
and at any convenient 
scale, say 4 000 ft-lb 
to the inch, B 1 *= 2 000 
ft-lb, and draw a pa¬ 
rabola through the 
points A, B and C. 

(2) The maximum 
bending moment for 
the concentrated load 
of 500 lb, from 
Case VI, is 500 X 6 
X14/20, or 2 100 ft-lb. 

Draw £2 - 2 100 ft-lb 
to the same scale as 
Bl, and then draw the Fig. 18. Bending-moment Diagram. Distributed and 
lines AE and CE. Concentrated Loads 

(3) The maximum 

bending moment for the concentrated load of 600 lb, in like manner, is 
600 X 7 X 13/20, or 2 730 ft-lb. Draw D3 - 2 730 ft-lb and connect D with 
A and C. 

(4) Make EH equal to the distance from 2 to 4, and DG to the distance 
from 3 to 5, and draw AHGC . 
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The maximum bending moment will be represented by the longest vertical 
iine which can be drawn between the parabola ABC and the broken line 
AHGC. In this example the longest vertical line which can be drawn is 
Xy, and it should scale 5 645 ft-lb. 

The position of the line Xy is determined by drawing the line TTi parallel 
to IlG and tangent to ABC. Draw Xy vertically through point of tangency. 


5. Reactions and Bending Moments for Beams with Tri¬ 
angular Loading and for Beams Fixed at Both Ends * 
Beams with Triangular Loading have reactions and bending moments as 
follows: 


Beam Supported at Both Ends, Fig. 19 (a) 

End-reactions: R\ *= R 2 « 11' 

Bending moment at any point« Wx&v ~ 2jc 2 /3/ 2 ) 
Maximum bending moment, at center ==» 117/6 

Beam Supported at Both Ends, Fig. 19 (b) 
End-reactions: 

Ri - Wf3 + Wb/3 /; R 2 - % W - Wbj3 l 
Bending moment at left of apex 

//2 _ b 2 - x 2 \ 

“ WX ( 31(1-b) ) 

Bending moment at right of apex 

Cantilever Beam, Fig. 19 (c) 
Reaction: Ri - W 

Bending moment at any point - Wx*/3 /* 
Maximum bending moment (at R\) — Wl/3 



Fig. 19. Triangular Loading 
on Beams 


Beams of Cases IV, V, and VI, with Fixed Ends, have reactions and bend¬ 
ing moments as follows: 


Case IV A. Beam Fixed at Both Ends, with a Concentrated Load P at the 
Middle (Fig. 8)| 

End-reactions: Ri — Rt - H P 

Maximum positive bending moment, under the load - P//8 
Maximum negative bending moment, at ends * P//8 

Case V A. Beam Fixed at Both Ends, with a Uniformly Distributed Load W 

(Fig. 9) f 

End-reactions: Ri - Rt - W 

Maximum negative bending moment, at ends * H //12 

Maximum positive bending moment, at center •» W7/24 

Case VI A. Beam Fixed at Both Ends, with a Concentrated Load P at 
Distance m from Left End and Distance n from Right End (Fig. 10)f 
End-reactions: Ri — Pn*(3 m -f »)//*; Rt — Pm*(3 n 4* fn)fl* 

Maximum bending moment, negative, at left end, Mi m Pmn */’* 

at right end, M% - Pro*ff/J* 

Bending moment under load, positive — Ri*» — Mi 

• From notes by Robins Fleming. 

f The figure referred to shows loading but does not show " fixed ends.” 
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CHAPTER X 

PROPERTIES OF STRUCTURAL SHAPES 

MOMENT OF INERTIA. MOMENT OF RESISTANCE. SECTION 
MODULUS AND RADIUS OF GYRATION 

By 

HARDY CROSS 

PROFESSOR OP STRUCTURAL ENGINEERING, UNIVERSITY OP ILLINOIS 

1. General Remarks 

The Important Properties of Structural Sections are the area, the position 
of the centroid and the moment of inertia; less frequently the product of 
inertia, the radii of gyration, section-modulus, moment of resistance, coeffi¬ 
cient of strength, bending factor and kern area. Of these properties the 
area of the cross-section and the position of the centroid or center of 
gravity are familiar properties having a significance which can be seen. 
The other properties of a section represent entirely mathematical abstrac¬ 
tions to which it is impossible or at least useless to give any physical signifi¬ 
cance. It is important to understand this quite thoroughly. These terms 
originated in the theory of bending and are used in connection with this 
theory. Because they occur over and over again in computing stresses in 
beams and columns, it is convenient to give to them a definite terminology 
and to list them in tables to which reference can be conveniently made. 
Thus we avoid individual computation of each particular case. j 

Terminology for some of these properties is practically standard in the 
literature of mechanics and structural engineering. 

Area is represented by A 

Moment of inertia is represented by I 

Section-modulus is usually represented by S 

Radius of Gyration is usually represented by r or sometimes by the 
Greek letter p. 

The most commonly used properties of a section, except the area and 
position of the centroid, are the moment of inertia and radius of gyration. 
The moment of inertia is used in computing stresses in beams and the radius 
of gyration is used in the design of columns. 

3. Moment of Inertia, Product of Inertia and Radius of 

Gyration 

The Moment of Inertia of an area about any axis is defined as the sum of 
the products of the differential areas, into which the section may be divided, 
multiplied by the squares of their distances from a given axis. Moment of 
inertia of a section is usually given about an axis through the centroid of the 
section. Evidently the section has as many moments of inertia as there are 
axes which can be drawn through the centroid. The moment of inertia about 
one of these axes is the greatest and that about some other axis the smallest. 
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These two axes are called the principal axes of the section and are invari¬ 
ably at right-angles to each other. Where the section is symmetrical about 
any axis, this axis is one of the principal axes and the other principal axis is 
normal to this. 

The Product of Inertia is a property less frequently used than the moment 
of inertia. By product of inertia about any two axes is meant the sum of 
the products of the differential areas, into which the section may be divided, 
by the products of the distances of each of the areas from each of these 
two axes. Products of inertia arc usually referred to axes through the centroid. 
Evidently, there are as many products of inertia as there are pairs of axes. 
The product of inertia about the principal axes is always zero. Any pair of 
axes about which the product of inertia is zero, whether or not these axes 
are normal to each other, are called conjugate axes. The principal axes 
are that pair of conjugate axes which are normal to each other. 

The relations of the moments of inertia about any two axes and of the 
product of inertia about these axes to the corresponding quantities for any 
other pair of axes may be traced out in various mathematical ways. These 
relations are sometimes developed by graphical constructions known as the 
circle of inertia and the ellipse of inertia. The relations of certain 
properties of the circle and of the ellipse are used to deduce from known 
values certain derived values. The product of inertia ard the graphical 
constructions involved in the circle of inertia and in the ellipse of inertia are 
so infrequently needed in structural analysis that they are rarely important 
to the designer. 

For sections most frequently used, the moments of inertia about the prin¬ 
cipal axes are given in Tables I to IX. 

Parallel Axis Rule- The moment of inertia of a figure about any axis 
equals the moment of inertia of the figure about an axis through its centroid 
parallel to the given axis, plus the product of the area of the figure by the 
square of the distance of its centroid from the given axis. This may be 
written 

/*-/« + Ax* ( 1 ) 

in which I x is the moment of inertia of the area about axis xx; 

Io is the moment of inertia of the area about an axis parallel to xx 
through the centroid of the area; 

A is the area; 

x is the perpendicular distance between axis xx and the parallel axis 
through the ccntioid 

Conversely, wc may write Io -» lx — Ax* (2) 

From these two formulas we can deduce either the moment of inertia about 
an axis through the centroid from a given value of the moment of inertia 
about any other axis or we may deduce the moment of inertia about any 
other axis from a given moment of inertia through the centroid. These two 
rules enable us to deduce readily any desired moment of inertia from the tab¬ 
ulated values of area, position of centroid and centroidal moment of inertia 
of standard shapes. For application of these formulas, see Examples 6, 7 
and 8 at the end of the chapter. 

The Radius of Gyration is entirely a mathematical abstraction which is 
defined as the square root of the quotient obtained by dividing the mo¬ 
ment of inertia by the area. The term is used and has been tabulated 
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because this quotient -7 occurs so frequently in analyses involving flexure and 
A 

especially in evaluating the buckling tendency of columns. Just as there may 
be an unlimited number of centroidal moments of inertia, so there may be an 
unlimited number of radii of gyration. It is therefore necessary to state 
the axis about which the radius of gyration is given. Radii of gyration 
about the principal axes of the section will be respectively the least and 
greatest radii of gyration. In column computations the least radius op 
gyration is the one to be used in determining the allowable axial stress.* 
The principal axes of the section are usually obvious because of the sym¬ 
metry of the section. 

The Moment of Inertia of Two Areas about the Centroid of these Areas 

may be computed directly from the formula 


I 


A1A2 

Ai 4 - A2 


d 2 + 2 / 


0 


(3) 


in which I is the moment of inertia of the areas about the centroid of the two 
areas; 

Ai and A 2 are the two areas; 

d is the distance between the centroids of the areas; 

2 /o is the sum of the centroidal moments of inertia of the areas 


For applications of this formula, see Examples 2 , 3 and 4 at the end of the 
chapter. 


3. Section-Modulus, Moment of Resistance, Coefficient 
of Strength 

These terms are all used in the theory which deals with the design of 
beams. The section-modulus is strictly a function of the dimensions of 
the section. The other two involve also the strength of the material of which 
the section is composed. 

Section-Modulus is the quotient got by dividing the moment of inertia 
about any axis through the centroid (/) by the distance from this axis to the 
most remote fiber on either side of the axis ( c ). 

5 = 7 (4) 

The beam formula f may be written 

M - Ss (5) 

in which M is the bending moment on the section in inch-pounds; 

S is the section-modulus of the section; 
s is the bending stress in the outermost fiber 

Evidently unsymmetrical sections, in which the centroid is not equally 
distant from the outermost fiber above and below, have two section-moduli 
about any centroidal axis, each corresponding to fibers at one edge of the 
section. 

Since the section-modulus has been defined as — and also as —, its value 

c s 

♦ See Chapter XIV. 
i See Chapter XV. 
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may be deduced either by computing the moment of inertia and dividing 
by the distance c or in some cases conveniently by computing the moment 
which could be carried by the cross-section with unit stress intensity in the 
outer fiber. 

The Moment of Resistance of a section is obtained by multiplying 
the allowable fiber stress by the section-modulus. That is, M ■» sS. Because 
the computation occurs so frequently, it is convenient to tabulate the values 
for certain standard allowable fiber stresses. Tables III to IX give moments 
of resistance for various standard sections for an allowable fiber stress in the 
outer fiber of 18 000 lb per sq in. 

The Coefficient of Strength may be defined as the total load on a span one 
foot long which would produce a bending moment equal to the moment of resist¬ 
ance permitted for the section. The product ( WL ) of load by span in feet 
may be computed for any given span and a beam selected having this coeffi¬ 
cient of strength. The values of the coefficient of strength are tabulated 
and given in some handbooks for various beam sections. They have been 
omitted here because of the greater convenience of determining beam sizes 
by other methods. 


4. Kern. Bending Factor 

The kern of a section is the area within which a compressive load must 
act in order to give only compression over the cross-section. It is a rather 
complicated and somewhat needless conception but is useful where the kern 
distances are known by inspection or where they have been computed and 
tabulated. The kerns of two standard types of sections should be remem- 




Fig 1. Kerns of Circular and Rectangular Sections 

bered. For rectangular sections the kern is a lozenge-shaped figure 
whose apices lie at distances one-third of the width from the outside of the 
section, as shown in Fig. 1 b. For a circular section the kern is a circle 
about the center of the section having a diameter equal to one-fourth the 
diameter of the section. (See Fig. la.) 

In sections subject to compression where tension must be avoided, as in 
masonry structures, the resultant pressure on any plane section should lie 
within the kern of that section. 

The kern is sometimes useful in computing stresses due to a combination 
of bending and direct stress. The stress in the outermost fiber may be 
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computed by a formula similar to the beam formula, sometimes known as 
the kjekn formula, which may be written as follows: 

M t - sS (6) 

in which Afg is the moment of the resultant of the external forces on one 
side of the section about the point on the kern corresponding 
to the outermost fiber; 

5 is the section-modulus for this fiber; 
s is the stress in the outermost fiber 

Some engineers find these conceptions useful. Thus on a rectangular 
section subject to an eccentric load it is sometimes convenient to take 
moments about the opposite edge of the middle third of the section and 
divide by the section-modulus to get the fiber stress. But it is never neces¬ 
sary to use the kern and it is often not especially convenient. 

The bending factor for a section is a constant by which moments on the 
section may be divided to deduce equivalent axial loads. This means that 
if a section is subject to bending, the bending moment may be divided by 
the bending factor for the section to get an equivalent axial load, and the 
required area of cross-section then deduced by dividing this equivalent load 
by the allowable fiber stress. The bending factor may be computed as 
£ 

-7, the quotient obtained by dividing the section-modulus by the area. 

A 

The bending factor is useful in the design of columns.* The column is 
ordinarily designed primarily for an axial load. The column having been 
so designed is sometimes known to be subject to a certain bending moment. 
From this bending moment the equivalent axial load is deduced and from 
this is deduced the additional area needed to provide for the bending. Bend¬ 
ing factors for various sections are given in the column tables in Chapter 
XIV, where their use is explained. 


5. Graphical Analysis of Section 

The moment of inertia of an irregular section may be obtained graphically 
as shown in Fig. 2. Let it be required to determine graphically the moment 
of inertia of the section shown about a vertical axis through its centroid. 

(1) Divide the section into a number of small vertical strips of equal width. 
For accuracy, twice as many sections should be used as are shown in Fig. 2 . 

( 2 ) Lay off vertically to some scale along line a ... g the areas of these 
strips. 

( 3 ) Draw verticals /1/2 . . . h through the mid-points of the strips. 

( 4 ) Choose any point 0 called a pole, at some convenient horizontal dis¬ 
tance H called the pole distance from ab . 

( 5 ) Draw any string hs parallel to the first ray Oa. 

(6) From the intersection of this string with f\, draw a line parallel to Ob 
to intersect A, and continue this process until the last string intersects/?, the 
last vertical. Draw through this intersection on the last string ks parallel 
to the last ray Og, thus completing the string polygon t ksh. 

(7) The centroid op the pigure is vertically above s, the intersection 
of the first and last strings of the polygon. 

• See Chapter XIV. 

t Called also equilibrium polygon or funicular polygon. 
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(8) The moment of inertia of the figure about the vertical axis through 
the centroid equals the shaded area (in this figure designated as A), enclosed 
within the string polygon multiplied by the pole distance H. 



Fig. 2. Graphical Determination of the Properties of an Irregular Section 


No difficulty as to scale need arise. The area of the polygon is measured 
to the scale to which the figure was drawn, and the pole distance is measured 
to the scale to which the areas were laid off on line ab. 

6. Commonly Used Properties 

Common Geometrical Figures. The following properties of sections should 
be remembered. 


Area 

Moment of inertia about centroidal 
axis parallel to base 

Section- 

modulus 

Rectangle I 

Height d \ bd 
Width b J 

Triangle 1 

Base b 

Height d 1 1 

Circle 1 rd* 

Diameter d j 4 

Ha Ad* 

K® Ad* 

^Centroid ~ above base^ 

M® Ad 

(About any diameter through centroid) 

M Ad 

i H Ad 

I (for base) 

I Ms Ad 
v (for vertex) 

H Ad 
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From these properties, the properties of common combinations of geomet¬ 
rical figures may be readily computed. Illustrations are given in Examples 
1 , 2 and 3 at the end of the chapter. 

Approximate Values of S for Steel I Beams: The section-modulus of a 
rolled steel beam is approximately % of the weight per foot times the depth 
in feet. While the rule is very rough, it is sometimes useful. From the 
section-modulus the moment of inertia may be got by multiplying by half 
the depth of the beam in inches. 

Approximate Values for Radii of Gyration for various types of figures 
are shown in Chapter XIV. These approximate values are useful in esti¬ 
mating the radius of gyration of columns in order to compute allowable 
fiber stresses prior to final design of the column section. 

Section-Modulus to Be Deducted for Rivet Holes. It is customary to 
compute the section-modulus of the net section of girders in applying the 
beam formula to them. The net section is obtained by subtracting the 
rivet holes from the gross section. It is often convenient to compute the 
section-modulus of the holes directly and subtract this from the section- 
modulus of the gross section. If the holes are symmetrically placed on the 
two sides of a symmetrical section, as is usually the case, the section-modulus 
to be deducted for rivet holes may be computed as 

S-X(£) l <* ( 7 ) 


in which S is the section-modulus to be deducted; 

A is the area of the holes in one flange; 

d\ is the distance between centers of holes in upper and lower 
flanges; 

d is the overall depth of the section 


In applying this formula it is convenient to multiply the thickness of each 

hole or row of holes by , add these products and then multiply by the 

width of the holes times the value of d. See Example 5 at the end of the 
chapter, also Example 1 in Chapter XV and Examples 1 and 2 in Chapter XIX. 


7. Compound Shapes 

A very common problem is to determine the moment of inertia or radius 
of gyration or section-modulus of a section built up of several elementary 
shapes. A certain order is preferably followed in such computations. 
That recommended here is as follows: (a) Select a convenient trial axis. 
This will be taken through the centroid if the position of this is evident by 
inspection. ( b ) Tabulate for each member its area ( A ), the distance ( x) 
of its centroid from the trial axis of the figure and its moment of inertia 
about its own centroid ( 7 o). These values can be had from data in the tables, 
which give areas, position of centroid and centroidal moment of inertia for 
standard sections. Call values of x positive when measured above or to the 
right of the trial axis, (c) Compute Ax. Compute Ax* and set above the 
values for /o. (d) Add all figures in the columns for area, for Ax and 
for Ax* plus 7 o. This gives the area, the statical moment about the trial 
axis and the moment of inertia about the trial axis of the section. ( e ) Divide 
the statical moment by the area to get the distance from the trial axis to the 
true centroidal axis (x). ( J) Multiply the area by the square of this distance 
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and subtract from the moment of inertia just found. This gives the moment of 
inertia (/) about the centroidal axis. Equation 2. ( g ) Section-modulus (5) 
may now be deduced by dividing this moment of inertia by the distance from 
the centroidal axis to the outermost fiber. ( h ) The radius of gyration (r) 
may be deduced as the square root of the quotient obtained by dividing the 
moment of inertia I by the area A . 

This proceduie is indicated in tabulated form in Fig. 3, and its application 
is illustrated in Examples 6 , 7 and 8 at the end of this chapter and in Example 


Member 

Area (A) 

Distance of 
Centroid from 
Trial Axis (cc) 

Values of Ax 

Values of Am* 
and of I 0 











Totals 

A 


Ax 

Aoc*+I 0 


(e) X= Subtract: (Total AlSf 1 

(/>-i 

<(7) S~§- 



Fig. 3. Tabular Form for Analyzing Compound Sections 

2, Chapter XIX. Of course in those cases where the centroid of the section is 
evident by inspection, computations for its position are not required. 


8. Examples 

The following examples illustrate common problems in computation of the 
properties of sections. The solution of all such problems may be effected by 
use of the tables and application of the method explained for compound 
shapes. In many cases, however, the expressions for the moment of inertia 
of two areas and the expression for computing the section-modulus to be 
deducted for rivet holes are very convenient. The application of these 
expressions is shown by several examples. 

Example 1 . Find the moment of inertia, section-modulus, radius of gyra¬ 
tion and bending factor of the hollow cast-iron column shown. See Fig. 4. 


For the full rectangle, 


A - 

For the hole, 

6" X 6" - 36 □" 

/ ** }{ 2 36 X 6 * » 

108.00 

A - 

X 5}#' - 30.250" 

I — >12 30.25 X S3* - 

76.25 

Total A ■ 

5.75 

I - 

31.75 


Total A 




354 


Properties of Structural Shapes 


[Chap. 10 


Section-modulus, S 
Radius of gyration, r 
Bending factor, k 


L _ 31 - 75 

c “ 3 


10.58 



S 10 58 
A " k 5.75 


1.84 


(Formula 4) 
2.35 



Fig. 4. Example 1 


Example 2 . Find the section-moduli for a trapezoid having bases of 12 in 
and 8 m and an altitude of 6 in See Fig 5 



Fig. 5. Example 2 

Rectangle 8 in X 6 in 

A - 48 / - y l2 48 x 62 - 

Triangle 4 in X 6 in 

A - 12 / - K6 12 X 6* - 

Distance between centroids J? £ — % - 1 in 

12 X 48 X 1* 
12+48 


144 

24. 

9.6 
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From centroid to short base 
5 


6-28 
177.6 _ 
3.2 


- 3 2 in 
55.5 


Example 3 . Find the section-moduli of the section shown in Fig. 6 . 
Vertical area 1 in X 6 in, Area 


Distance between centroids 


6 00 


>12 6X62- 

18.00 

8 00 


K 28 x 12 - 

0.7 

3.5 in 



42.0 

), Total 7 — 

60.7 


Centroid, 


6 + 8 


^- 8 J? 

6+8 


—3 5 = 2 0" below center of vertical area 


For 

top fibers 

c - 5 0" 

607 

5 

« 12 1 

For 

bottom fibers 

c - 2 0 " 

60 7 

2 

-30 3 





8 x% Plate 
24 ,f I 0 79.9* 


Fig. 7 Example 4 


Example 4. Find the centroidal moment of inertia of the section shown 
in Fig 7. 


For the beam A - 23.33 7 - 2 087.2 (From Table IV) 

For the plate A = 8 X % - 6.00 7 —-(negligible) 

The distance between centroids is 12 ^ § in 


23.33 X 6.00 
23 33 + 6 00 


X 12.375 s 


From Equation (3) Total 7 


730 


2 817 


Example 5. Find the section-modulus to be deducted for rivet holes in 
the plate girder shown in Fig 8 , having 

1 web 30" X ? 8 " 

4 angles 6 " X 4" X 

2 cover plates 14" X 



356 


Properties of Structural Shapes 


[Chap. 10 


The angles are 30.5 in back to back, the gauge is 2in. Hence the inner 
rivets are 26,0 in apart. The out-to-out depth is 31.5 in and the outer rows 



Fig 8. Example 5 


of rivets are 30.25 in on centers. Assuming j^-in diameter rivets and J'g-in 
diameter holes, apply Formula (7). 


Multiply the thickness of the holes by / 

w 

/7(\ n\ j 

For the inner row 1% X 

« 1.27 

, , /30 25\ 

2 

For the outer rows 2 X 1M X 1 ) 

j - 2.31 

358 


Section-modulus to be subtracted, 3.58 X X 31.5 « 99 
Example 6. Compute the moment of inertia of the section shown in Fig. 9. 



Fig. 9. Example 6 

Divide the section into three areas a, b, c, as shown, assume a trial axis 
through the center of section b 
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A, Area 

X 

Ax 

Ax* + 

A) 

a 

4Xlh-6 

+ 2 75 

+ 16.5 

6 X 2 75* - 45 5 

Hi 6 X (h) 2 - 1.1 

b 

4X1-4 

0 


0 

Hi 4X4*— 53 

c 

6X1-6 

- 2 50 

- 15 0 

6 X 2 50 2 - 37.5 

Hi 6X1*” 0.5 


A - 16 


+ 1 5 

89.9 



-4- 1 5 m 

■ +0 09 

Ax 2 - 0.1 



16 

I - 89.8 


Example 7. Compute the 
section-modulus of the net 
section of the plate girder 
shown in Fig. 10. 

Web 36 in X in 
4 angles 6 in X 6 in X Yi in 
2 cover 

plates 14 in X Yz'm 

The area, the centroidal 
moment of inertia and the 
distance from the back to 
the centroid of a 6 in X 6 in 
X l /2 i n angle arc found in 
Table II, as 


A - 5.75, 

I - 19 91, 
x - 1.68 



Web - 36% 

4 Ls - 6 ff x 6*x yC 
2 Plates - 14 x X* 



Fig. 10 . Example 7 


For the web in Table I we find I of plate 36 in X in — 1 944. 



Area A 

X 

Ax* + 

/o 

Web 36 X H . 


0 

0 

1 940 

4 Zs6 X 6 XH . 

23.00 

16.57 

6 300 

80 

2 Covers 14 XH. 

14.00 

18.50 

I - 

c - 18 75 

c I3 1i0 

5 18 75 

4 800 

0 

13 120 

- 700.3 gross 
















358 


Properties of Structural Shapes 


[Chap. 10 


For rivet-holes deduct (Formula (7)) 
Outer holes 2 X 1 X 

Inner holes 1>2 X — ^ - 



1.90 

1.10 

3.00 X n X 37.5- 


Net section-modulus = 700 — 98 - 


98.00 

602.00 


Example 8. Find radii of gyration about both principal axes of the heavy- 
column section shown in Fig 11 



It is not necessary to treat separately each plate in a group. In the com¬ 
putations the layers of plates are treated as if they were one thick plate. 
The areas of these plates are computed. Their moments of inertia are taken 
from Table I. The areas, moments of inertia and distances to centroid 
from backs of the angles are taken from Table II 
The procedure of computation follows that already explained. Two sep¬ 
arate computations, one for properties about axis XX and the other for prop¬ 
erties about axis YY, are here grouped in one table. 
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About axis XX 

About axis YY 


Area 

B 

/o 

■ 

/o 

Center web 2—18 in X Ha in. 

20.3 

mm 

0 

0 

0 


H 

0 


547 

Side webs 8-18 in X 'Ha in.. . 

99.0 

6 00 

3 560 

0 

n 

0 

2 670 

4 Center Zs6m X 4 in X 14 m 

32 0 

1 68 

90 

40 

7 13 

1 630 
110 

4 Side Zs6mX6inXlin. ... 

44.0 

9.24 

3 760 
140 

7.39 

2 390 
140 

Covers 6-27 in X % in 

2-27 in X 'Ho in . . 

158 6 

0 

0 

9 640 

10.72 

18 400 

0 
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17 230 


25 887 


r 


4 


17 230 
353.9 


6 98 in 


r 


V 25 890 
353.9 


8.55 in 


9. Tables of Properties 

Table I gives the moment of inertia about the centroid for plates of various 
widths and thicknesses. These tables are useful in computing the moments of 
inertia of girder and column sections. From the moments of inertia the 
section-moduli and radii of gyration can be computed. For thicknesses not 
given, add values to give total thickness. 

Table II gives properties of standard angles. These are, successively, the 
dimensions of the section, the weight per foot, the area in square inches, the 
moment of inertia, the section-modulus, radius of gyration and distance to 
the centroid from the back of the leg for an axis through the centroid parallel 
to the shorter leg (axis X-X) and corresponding quantities for an axis through 
the centroid parallel to the longer leg (axis Y-Y) and finally the least radius 
of gyration (about an inclined axis Z-Z). 

The properties of rolled steel sections commonly used as beams are given in 

Table III, for Standard Channels 
Table IV, for Standard I Beams 
Table V, for Bethlehem I Beams 
Table VI, for Bethlehem Girder Beams 
Table VII, for Carnegie Beams 

Table VIII, for Special Sections Rolled by Carnegie and by Phoenix 
Table IX, for floor joists rolled by Bethlehem and by Jones and Laughlin 
For a description of these sections, see Chapter XV. 

For remarks on stock sizes, see Chapter XV. 

The properties listed are, in order, for Standard Beams and Bethlehem 
Beams: 



































360 


Properties of Structural Shapes 


[Chap. 10 


(A) Dimensions of Section 

(1) The depth out to out of section in inches 

(2) The weight per foot in pounds 

(3) The area in square inches 

(4) The flange width, b 

(5) The web thickness, / 

(6) The clear distance between fillets of flanges, c 

(7) The standard gauge for rivet holes in the flanges, g 

(8) The thickness of the flange at center of rivet hole, u 

(B) Properties of Section 

(9) The moment of inertia about the major axis 

(10) The section-modulus about the major axis 

(11) The radius of gyration about the major axis 

(12) The moment of inertia about the minor axis 

(13) The section-modulus about the minor axis 

(14) The radius of gyration about the minor axis 

(C) Strength of the Section as a Beam 

(15) The bending moment in inch-pounds which the beam will 

carry with an extreme fiber stress of 18 000 lb per sq in 

(16) The allowable shear on the section at 12 000 pounds per sq in 

maximum intensity 

(17) The permissible reaction for web buckling if the beam has an 

end bearing 3^ in long 

(18) The permissible load on one standard connection such as is 

shown in Table IV, Chapter XV. 


Slight changes in the arrangement of these data occur for the other sections. 
It has been thought best to condense into these tables all information 
needed for the design of these sections. The use of the properties just listed 
under (Q and Strength of the Sections are explained in Chapter XV. 
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Table I.* Moments of Inertia of Rectangles 
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Table I * (Continued). Moments of Inertia of Rectangles 

fif Axis through center and normal to depth 
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Table II.* Standard Angles r—~4 

Siiics—Weights—Areas / ^ 

Technical Functions z Y 

For Allowable Loads as beams, see Table IV, Chapter XV 



* From Steel Construction, published by American Institute of Steel Construction. 
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r 


Table II * (Continued). Standard Angles 

Sizes—W eights—Areas 

v 

Technical Functions 

For Allowable Loads as Beams, see Table IV, Chapter XV 


| Axes 




1.07 
1.06 
1.05 
1 04 

0.93 
0.96 
0.98 
1 00 

0.73 

0.73 

0.72 

0.72 

1.03 
1.02 
1.02 
1 01 

1 02 
1 04 
1.07 

1 09 

0.72 

0 72 
0.72 
0.72 



0.79 

0 79 
0.78 

0 78 



* From Steel Construction, published by American Institute of Steel Construction, 
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r 


Table II * (Continued). Standard Angles 

Sizes—-Weights—Areas 

Technical Functions 

For Allowable Loads as Beams, see Table IV, Chapter XV 



' ft* 


7 

T~7 

tx 

A 

/z «- 

Y 
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Table III.* Standard Channels 


Dimensions—Functions 
7 is Moment of Inertia. 

S is Section-Modulus 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

W is Maximum Load on one Standard Connection. 
y is Distance in inches between Center of Gravity 
and back of Channel. 

Note: The attention of the reader is called to re¬ 
marks on Stock Sizes, Chapter XV. 




* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table HI* (Continued)* Standard Channels 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

W is Maximum Load on one Standard Connection. 
y is Distance in inches between Center of Gravity 
and back of Channel. 

Note: The attention of the reader is called to re¬ 
marks on Stock Sizes. Chapter XV. 



__ . 

6 in 

7 in 

I Depth * 

d in . . 

6 

7 

ngl 

7 

7 

7 

Weight per foot 

15 5 

9.8 


14.75 

17 25 

19.75 

Area, sq in . 

4 54 

2 85 

IKSTllif 

4 32 

5 05 

5 79 

b in.. 


2 28 

2 09 

2 19 

2 30 

2 40 

2.51 


in 


559 

.210 

.314 

.419 

.524 

.629 

c 

in 


4 518 

5 429 

5 429 

5 429 

5 429 

5.429 

i in... 


m 

1 H 

IH 

1 H 

1H 

14 

u in 


4 

4 

H 

ho 

ho 

ho 


X 


19.5 

21 1 

24 1 

27 1 

30.1 

33.1 


X 


6 5 

6 03 

6 88 

7 74 

8 60 

9 46 

CO 

w 


2 07 

2 72 

2 59 

2 51 

2 44 

2 39 

X 


/ 

1 3 

0 98 

1 2 

1 4 

1 6 

1 8 

< 

x 

S 

0 73 

0 63 

0 71 

0 79 

0 86 

0.96 



r 

0 53 

0 59 

0 58 

0 57 

0 56 

0 56 



y 

0 55 

0 55 

0 53 

0 53 

0 55 

0 58 

I Max. Mom., in-lb. 

117 000 

108 500 

123 900 

139 400 

154 800 

170 200 

V 




17 600 

26 500 

35 200 

44 000 

52 800 

w 


11 900 

9 500 

11 900 

11 900 

11 900 

11 900 


8 in 

9 in 

I Depth = 

d in. . 

8 

8 

8 

8 

8 

9 

Weight per foot 

11 50 

13 75 

16.25 

18 75 

21.25 

13 4 

Area, sq in 

3 36 

4 02 

4 76 

5 49 

6 23 

3 89 

b 

in . 


2.26 

2.34 

2 44 

2 53 

2 62 

2 43 

t 

in 


220 

.303 

.395 

487 

579 

.230 

c 

in 


6 338 

6.338 

6 338 

6 338 

6 338 

7.247 

i 

in . 


IN 

14 

1 M 

hi 

14 

14 

| u m 


4 

4 

ho 

ho 

ho 

ho 


X 

I 

32 3 

35 8 

39 8 

43 7 

47.6 

47.3 


S . 

8 08 

8 95 

9 95 

10 92 

11 9 

10.51 

CO 

W 

X 

X 

r 

3 10 

2 99 

2 89 

2 82 

2 77 

3.49 


I 


1 5 

1 8 

2 0 

2 2 

1 8 

< 

* 

S. . 

Wmm 

.86 

94 

1.0 

1.1 

wjn 


i* 

r . . 

■US 

.62 

61 

60 


67 



y . 

.58 

.56 

56 

.57 

.59 

.61 

1 Max. Mom., in-lb. 

145 400 

161 100 

179 100 

196 700 

214 200 

189 200 

V 



21 100 

29 100 



55 600 

24 800 

w... 



23 800 

23 800 

23 800 

Em 

20 700 


• Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table m * (Continued). Standard Channels 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

W is Maximum Load on one Standard Connection. 
y is Distance in inches between Center of Gravity 
and back of Channel. 

Note: The attention of the reader is called to re¬ 
marks on Stock Sizes, Chapter XV. 




9 in 

10 in 

1 Depth — 

d m. 

9 

9 

9 

10 

10 

10 

Weight per foot. 

15 0 

20.0 

25.0 

15.3 

20.0 

25 0 

Area, sq in .. . 

4.39 

5 86 

7.33 

4.47 

5 86 

7.33 

6 in.. 


2.49 

2.65 

2.81 

2.60 

2 74 

2.89 

t 

in.. 


.285 

.448 

.612 

.240 

.379 

.526 

£ 

in.. 


7.247 

7.247 

7.247 

8.158 

8.158 

8.158 

g in.. 


1 H 

V/ 2 

m 

VA 

Hi 

1*4 

u in 


Me 


M 

h • 

7 Ab 

A 


X 

i 

/ .. 

50.7 


70.5 

66 9 

78.5 

90.7 


.S’ . 

11.27 

1 tt 

15 66 

13 38 

15 7 

18.14 

m 

W 

X 

r . . . 

3 40 

B9 

3 10 

3 87 

3 66 

3 52 

X 

mm 

I . .. 

1.9 

2.4 

■EH 

2 3 

2.8 

3 4 

< 

El 

5 . 

1.0 

1.2 

Ijfjl 

1.2 

1 3 

1.5 


El 

r. . . 

.67 

65 


.72 

.70 

.68 


■■ 

B 

.59 

59 

■sat 

64 

.61 

62 

1 Max. Mom., in-lb. 

202 800 

242 400 

282 000 

240 900 

282 600 

326 500 

V 



30 800 

48 500 

66 100 

28 800 

45 500 

63 100 

w. 


23 800 

23 800 

23 800 

21 600 

23 800 

23 800 


10 in 

12 in 

Depth=d in 

10 

10 

12 

12 

12 

12 

Weight per foot. 

30 0 

35.0 

20 7 

25 0 

30 0 

35.0 

Area, sq in. 

8.80 

10.27 

6 03 

7.32 

8.79 

10 26 

& in_ 


3.03 

3.18 

2.94 

3.05 

3.17 

3.29 

t 

in.. 


.673 

.820 

.280 

.387 

.510 

.632 

£ 

in_ 


8.158 

8 158 

9 910 

9 910 

9.910 

9.910 

g in. 

1 % 

\% 

1*4 

1*4 

1*4 

2 

u in. 

H 

H 

A 


H 



X 

i 

I . 

103.0 

115.2 

128.1 

143 5 

161 2 

178.8 


5.... 

20 6 

23.04 

21.35 

23 92 

26.87 

29.8 

CO 

W 

X 

r. . . 

3 42 

3.34 

4.61 

4 43 

4 28 

4 18 

X 


/ .... 

4.0 

4 6 

3.9 

4.5 

5.2 

5.9 

< 

* 

S . 

1.7 

1.9 

1.7 

1.9 

2.1 

2.3 


>« 

r. . . . 

.67 

.67 

.81 

.79 

.77 

.76 



y.... 

65 

.69 

.70 

.68 

.68 

.69 

| Max. Mom., in-lb 

370 800 

414 700 

384 300 

430 500 

483 600 

536 400 

V 



80 800 

98 400 

40 300 

55 700 

73 400 

91 000 

1 W. 


2% 800 

23 800 

23 860 

23 860 

23 860 

23 860 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table in * (Continued). Standard Channels 


Dimensions—Functions 
/ is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

W is Maximum Load on one Standard Connection. 
y is Distance in inches between Center of Gravity 
and back of Channel. 

Note: The attention of the reader is called to re¬ 
marks on Stock Sizes, Chapter XV. 




12 in 

15 in 

Depth =d in 

12 

15 

15 

15 

15 

15 

15 

Weight per foot. 


33 9 

35 0 


45.0 

50 0 

55 0 

Area, sri 

m ... 

11 73 

9 90 

10 23 

11 70 

13 17 

14.64 

16 11 

b in 


3 42 

3 40 

3 42 

3 52 

3.62 

3 72 

3 81 

t 

in 


.755 

400 

422 

520 

.618 

716 

.814 

c 

in 


9.910 

12 353 

12 353 

12 353 

12.353 

12 353 

12.353 

g in 


2 

2 

2 

2 

2 

2)4 

2 H 

w in 


H 

*8 


H 

H 

Hie 

'Me 


X 

/.. 

196 5 

312 6 

318 7 

346 3 

373 9 




' 

S.. . 

32 75 

41 68 

42 49 

46 17 

49 85 



C/5 

X 

r . . 

4 09 

5 62 

5 58 

5 44 

5 33 

-.y -vTl 


X 


/.. . 

6 6 

8 2 

8 4 

9 3 

10 3 

11 2 

12.1 


* 

S 

2.5 

3 2 

3 2 

3 4 

3 6 

3.8 

4.1 



r 

75 

.91 

91 

.89 

.88 

.87 

.87 



y 

72 

79 

79 

78 

.79 

.80 

.82 

I Max.Mom.,in-lb 

589 500 

750 300 

764 900 

831 100 

897 300 

963 400 

1 029 600 

V 



108 700 


76 000 

93 600 

111 200 

128 900 

146 500 

YL 


23 860 

36 000 

mum 




47 700 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table IV.* Standard Beams 

Dimensions—Functions 

I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3^ in bearing. 

W is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes. Chapter XV. 




3 in 

4 in 

1 Depth = 

d in. 

3 

3 

3 

4 

4 

4 

Weight per foot 

5.7 

6 5 

7 5 

7 7 

8 5 

9 5 

Area, sq in. 

1.64 

1.88 

2.17 

2 21 

2 46 

2 76 

b 

in.. 


2.33 

2 41 

2.51 

2 66 

2.72 

2 80 

t 

in.. 


.170 

.251 

.349 

. 190 

.253 

.326 

c 

in. 


1.843 

1.843 

1.843 

2 717 

2 717 

2,717 

g in .. 


i H 

m 

m 

I'A 

IH 

IH 

u in 


Me 

Me 

Me 

M« 

Me 

Me 


X 

I 

2.5 

2 7 

2 9 

6 0 

6 3 

6 7 


1 

S. . 

1.67 

1 80 

1 93 

3 0 

3 15 

3 35 

3 

X 

r . 

1.23 

1 19 

1 15 

1 64 

1 60 

1 56 

X 

41 4 

ES 

I. 

0 46 

0 51 

0 59 

0 77 

0 83 

0 91 


IkI 

5 . . 

0.40 

0 43 

0 47 

0 58 

0 61 

0 65 


El 

r. . 

0 53 

0 52 

0 52 

0 59 

0 58 

0 58 

1 Max. Mom., in-lb. 

30 000 

32 400 

34 800 

54 000 

56 700 

60 300 

\ 




9 000 

12 600 

9 100 

12 100 

15 600 

R 



6 100 

9 000 

12 600 

9 100 

12 100 

15 600 

w . 


7 650 

11 300 

1 1 900 

8 5 50 

11 400 

11 900 


4 in 

6 in 

6 in 

Depth = 

d in 

4 

5 

5 

5 

6 

6 

Weight per foot. 

10.5 

10.0 

12.25 

14 75 

12 5 

14 75 

Area, sq in. . 

3 05 

2.87 

3 56 

4.29 

3 61 

4.29 

b in,. 


2 87 

3.00 

3. 14 

3 28 

3 33 

3.44 

t 

in . 


,400 

210 

347 

.494 

230 

343 

c 

in.. 


2 717 

3 589 

3 589 

3 589 

4 465 

4 465 

g in... 


m 

1 H 

m 

1 H 

2 

2 

u in . 


Me 

H 

% 

% 

M 

H 


3 


7.1 

12 1 

13.5 

15 0 

21 8 

23.8 



3.55 

4.84 

5.40 

6.00 

7.27 

7.93 


X 


1 52 

2 05 

1 95 

1 87 

2 46 

2 36 

X 

<2 

mm 


1 0 

1 2 

1.4 

1.7 

1 8 

2.1 


H 


0 70 

0 82 

0 91 

1.0 

1.1 

1 2 


El 

Q|H 

0 57 

0 65 

0 63 

0 63 

0 72 

0 69 

| Max. Mom , in-lb. 

63 900 

87 120 

97 200 

108 000 

130 800 

142 800 

V 



19 200 

12 600 

20 800 

29 600 

16 600 

24 700 

R 



19 200 

12 600 

20 800 

29 600 

16 600 

24 700 

L_iL_ 


11 900 

9 450 

11 900 

11 900 

10 350 

11 900 


• Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table IV * (Continued). Standard Beams 


Dimensions—Functions 
I is Moment of Inertia. 

S is Section-Modulus, 
r is Radius of Gyration 
V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3V£ in bearing:. 

IV is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




6 in 

7 in 

8 in 

Depth -d in 

6 

7 

7 

7 

8 

8 

Weight per foot 

17 25 

15.3 

17 5 

20 0 

18 4 

20.5 

Area, so in . 

5.02 

4 43 

5 09 

5 83 

5 34 

5.97 

b 

m 


3.57 

3 66 

3 76 

3.86 

4 00 

4 08 

t 

in 


.465 

250 

345 

450 

270 

349 

c 

in 


4 465 

5 339 

5 339 

5 339 

6 211 

6 211 

g in 


2 

2H 

2 H 

2*4 

2*4 

2 H 

it in 


H 

H 

« 



7 A 8 



i 

26.0 

36 2 

38 y 

41.9 

56.9 

60 2 


S . 

8 67 

10 34 

11 11 

11.97 

14 22 

15 05 

W 

X 

r 

2 28 

2 86 

2 77 

2 68 

3 26 

3 18 

X 

,4* 


I 

2.3 

2.7 

2.9 

3 1 

3 8 

4 0 


K* 

1 

S. 

1 3 

i 5 

1 6 

1 6 

1 9 

2 0 



r . 

68 

0 78 

0 76 

0 74 

0 84 

0 82 

1 Max. Mom., in-lb. 

156 000 

186 200 

200 100 

215 500 

256 100 

270 900 

V 



34 500 

21 000 

29 000 

37 800 

25 900 

33 500 

R 



34 500 

19 700 

27 200 

35 400 

22 300 

28 800 



1 i Q00 

It 250 

11 900 

11 900 

23 800 

23 800 


8 in 

9 in 

Depth — 

d in 

8 

8 

9 

y 

y 

9 

Weight per foot. 

23.0 

25 5 

21 8 

25 0 

30 0 

35 0 

Area, sq in 

6 71 

7 43 

6 32 

7 28 

8 76 

10.22 

b 

in.. 


4 17 

4 26 

4 33 

4.44 

4 60 

4.76 

t 

in 


441 

532 

290 

.397 

561 

.724 

c 

in . 


6 211 

6 211 

7 085 



7 085 

g m. 


2'» 

2»4 

2'A 

2 l 2 

2Vi 

2H 

u in 


"(6 

U 

l ' 

U 

u 

i, 


X 

1 

/ 

64.2 

68.1 

84.9 

91.4 

101.4 

111 3 


5 . 

16.05 

17.02 

18.87 

mimtm 

22 53 

24 73 



r 

3.09 

3 03 

3 67 

\ 3 54 

3 40 

3 30 

5S 


/. .. . 

4 4 

4.7 

warn 

Igipg 

6.4 

7 3 



S. 

2 1 

2 2 

In 


2.8 

3 0 


>* 

r . 

0 81 

0 80 

| 0 90 

0 88 

0 85 

0 84 

| Max. Mom., lb-m. 

mm 

306 450 

lEI&EEa 

365 600 

405 600 

445 200 

1 

r 


42 300 


31 300 

42 900 

60 600 

78 200 

£ 



36 400 



34 200 

48 400 

62 400 

_!L_ 


25 800 


| 23 800 

23 800 

23 800 

23 800 


• Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table IV * (Continued). Standard Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3 1 £ in bearing. 

IV is Maximum Load on one Standard Connection. 

For Allowable Total Loads, sec Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




10 in 

12 in 

1 Depth = 

d in 

10 

10 

10 

10 

12 

12 

Weight per foot. 

25 4 


35.0 

40 0 

31 8 

35 0 

Area, sqm .. . 

7.38 

8.75 

10.22 

11 69 

9 26 

10.20 

b in.. 


4 66 

4.80 

4.94 

5.09 

5 00 

5.08 

t 

in . 


.310 

.447 

.594 

.741 

. 350 

.428 

c 

in 


7.959 

7.959 

7.959 

7 959 

9 762 

9 762 

g in . 


2H 

2H 

2'i 

2U 

3 

3 

u in 


H 

1 o 

1 ' 

*2 


Va 


X 

1 . . 

122 1 

133 5 

145 8 

mma 

215 8 

227 0 


i 

S . 

24 42 

26 70 

29 16 

■ZS9 

35 97 

37 83 

tr 

W 

X 

r 

4 07 

3 91 

3 78 

■Eza 

4 83 

4 72 

X 


1 . 

6 9 

7 6 

8 5 

9 4 

9 5 

10 0 



5... 

3 0 

3 2 

3 4 

3 7 

3 8 

3 9 



r 

0 97 

0 93 


0 90 

1 01 

0 09 

1 Max. Mom., in-lb 

439 600 

480 600 

524 900 


647 400 

681 000 

V.. . 



53 600 

71 300 


50 400 

61 600 

R .. 



KEEIKl 

53 500 

66 700 


41 700 

W 


23 800 

23 800 

23 800 

23 800 

23 860 

23 860 


12 in 

16 in 

j Depth = 

d in 

12 

12 


12 

15 


Weight per foot 

40 8 

43 0 


55 0 

42 9 


Area, sq in .. . . 

11 84 

13 10 

14 57 

16 04 

12 49 

13 12 

I b in .. 


5 25 

5 36 

5.48 

5.60 

5 50 

5 54 

t 

in.. 


.460 

.565 

.637 

.810 

.410 

452 

c 

in . 


9 333 

9.333 

9 333 

9 333 

12 463 

12 468 

g in.. 


3 

3 

3 M 


3 1 i 

3*4 

u in 


H 

H 

n 


*1 

5 ' 


X 

/.. . 

268.9 

284.1 

301 6 

319.3 

4.1 8 

15 3 6 


1 

.<? . . . 

44 82 

47 35 

50 27 

53 22 

58 91 

60 48 

W 

X 

r 

4 77 

4 66 

4 55 

4 46 

5 95 

5 88 

X 

bn 

I . .. 

13 8 

14 8 

16 0 

17.3 

14 6 

15“ 0 


J 

S . 

5 3 

5.5 

5 8 

6.2 

5.3 

5.4 


>< 

r .... 

1 08 

1 06 

1 05 

1 04 

1 08 

1 07 

I Max. Mom., in-lb. 

806 700 


904 800 

957 900 

l 060 300 

1 088 600 

V 



66 200 


98 900 

116 600 

73 800 


R 



44 900 


67 000 

79 000 

43 800 


.,-21,- 


23 860 

23 860 

23 860 

23 860 

36 900 

40 700 1 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table IV * (Continued). Standard Beams 


Dimensions—Functions 
/ is Moment of Inertia. 

S is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3H m bearing. 

IV is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




15 in 

Depth = < 

i in 

IS 

15 

15 

15 

15 

15 

Weight per foot 

50 0 

55 0 

60 8 

65 0 

70 0 

75.0 

Area, sq m . 

14 59 

16 06 

17 68 

18 91 

20 38 

21.85 

b 

in 


5 64 

5 74 


6.08 

6 18 

6.28 

t 

m 


550 

648 

.590 

.672 

.770 

.868 

c 

in 


12 468 

12 468 

11.749 

11.749 

11 749 

11.749 

g in 


3Jj 

3»s 

3>i 

3H 

3H 

3H 


i i 




H 

H 

K 

H 


X 

1 

481 1 

508 7 

609 0 

632 1 

659 6 

687.2 


1 

S 

61 15 

67 83 

81.20 

84 28 

87 95 

91.63 

« 

X 

r 

5 74 

5 63 

5 87 

5 78 

5 69 

5 61 

< 

>* 

I 

16 0 

17 0 

26 0 

27 2 

28 8 

30.6 


1 

.S 

5 7 

5 9 

8 7 

8 9 

9 3 

9.8 



r 

1 OS 

1 03 

1 21 

1 20 

1 19 

1 18 

Max Mom., in-lb 

1 154 600 

1 220 900 

1 461 COO 

1 517 000 

1 583 000 

1 649 300 

i 



■ ITiTi] 

116 600 


121 000 

138 600 

156 200 

R 


59 800 

liildtl 


73 100 

83 700 

94 400 

\V 


47 700 

47 700 

47 700 

47 700 

47 700 

47 700 


18 in 

Deptn =d in 

18 

18 

18 

18 

18 

18 

Weight per foot 

54 7 

60 0 

65 0 

70 0 

75 6 

80.0 

Area, sq in. 

15 94 

17.50 

18 98 

20.46 

22.04 

23.34 

b in 



6 09 

6 17 

6.25 


7.07 

/ 

in 


.460 

.547 

.629 

.711 

.560 

.632 

c 

in 


15.207 

15 207 

15 207 

15 207 

14.492 

14.492 

R 

in 


3« 

354 

3H 

Vi 

4 

4 

w 

in 


H 

H 

Y< 

H 

1 

1 


X 

I 

795 5 

837.8 

877.7 

917 5 

1141 8 

1176 8 


1 

S . . 

88 39 

93.09 

97.53 

101 94 

126 87 

130.76 

W 

X 

r 

7 07 

6 92 

6 80 

6 70 

7.20 

7 10 

X 

< 

>4 

I . .. 

21 2 

22 3 

23 4 

24 5 

46 3 

47 9 


1 

S . . 

7 1 

7.3 

7.6 

K ^ yjR 

13 2 

13.6 


>* 

r 

1 15 

1 13 

1 11 

■S3 

1.45 

1.43 

I Max. Mom., m-lh 

t 591 000 

1 675 600 

l 755 400 

|l 835 000 


2 353 600 

V . 


99 400 

118 200 

135 900 



136 500 

R . 


52 800 

fjgMtHH] 

75 500 


HExEtSy 

75 800 

W. 


41 400 

| 47 700 

47 700 

| 47 700 

47 700 

47 700 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table IV * (Continued). Standard 

Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3H in bearing. 

W is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV. 

Rote: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 


Beams 


_ IT_1 

3Ei 



18 in 

20 in 

1 Depth=* 

dm.. 

18 

18 

20 

20 

20 

Weight per foot 

85.0 

90.0 

65 4 

70 0 

75.0 

Area, sq in. 

24 81 

26 29 

19 08 

20 42 

21 90 

b in.. 


7.15 

7.24 

6.25 

6.32 

6 39 

t 

in... 


714 

.796 

.500 

.567 

.641 

c 

in... 


14.492 

14 492 

16 925 

16 925 

16 925 

g in .. 


4 

4 

4 

4 

4 

u in 


1 

1 

H 

H 

*4 



I 

1216.6 

1 256 5 

1 169 5 

1 214.2 

1 263 5 


1 

S. 

135.18 

139 61 

116.95 

121 42 

126.35 


X 

r 

7.00 

6 91 

7 83 

7.71 

7 60 

X 

mm 

1 

49.8 

51 9 

27 9 

28 9 

■Biai 


H 

S... 

14.0 

14 3 

8 9 

9.2 

■Elfl 


H 

r 

1.42 

1 40 

1 21 

1 19 

■DBm 

1 Max. Mom., in-lb. 

2 433 200 

2 513 000 

2 105 100 

2 185 600 

2 274 300 

V 



154 200 

171 900 

120 000 

136 100 

153 800 

R 



85 700 

95 500 

60 400 

71 900 

81 700 

w 


47 700 

47 700 

56 250 

59 600 

59 600 


20 in 

Depth — d in 

20 

20 

20 


20 

Weight per foot 

81.4 

85 0 

90.0 

95.0 

100 0 

Area, sq in. 

23.74 

24.8 

26.26 

27.74 

29 20 

b in . 


7.00 

7.05 

7.13 

7.20 

7.27 

t 

in ., 


.600 

.653 

.726 

.800 

873 

£ 

in . 


16.448 

16.448 

16.448 

16.448 

16.448 

g in. 


4 

4 

4 

4 

4 

u in 


1 

1 

1 

1 

1 



I . 

1466.3 

1501 7 

1550 3 

1599 7 

1648.3 


J. 

s . 

146 63 

150.17 

155 03 

159 97 

164 83 

W 

X 

r. . 

7 86 

7 78 

7 68 

7 59 

7.51 

5 

mm 

I. . 


mam 

48.7 

50 5 

52.4 


ra 

S . 

■m 

HsSfl 

13.7 

14.0 

14.4 


El 

r. . . 

1 39 

■kes 

1 36 

1 35 

1.34 

I Max. Mom., in-lb. 

2 639 300 

2,703,100 

2 790 500 

2 879 500 

2 966 900 

V 



144 000 

156 700 

174 200 

192 000 

209 500 

R 



76 500 

83 300 

92 600 

102 000 

111 300 

I w. . 


59 600 

59 600 

59 600 

59 600 

59 600 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table IV * (Continued). Standard Beams 


Dimensions—Functions 
I is Moment of Inertia. 

£ is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3>^ in bearing. 

W is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes. Chapter XV. 




24 in 

1 Depth = 

d in 

24 

24 

24 

24 

24 

Weight per foot 

79 9 

85 0 

90.0 

95 0 

100.0 

Area, sq in 

23 33 

24.84 

26 30 

27 79 

29 25 

b in 



7.063 

7.124 

7 186 

7 247 

t 

in 


.500 

.563 

.624 

.686 

.747 

c 

in 


20.699 

20 699 

20.699 

20 699 

20.699 

g in. 


4 

4 

4 

4 

4 

u in 


7 '8 

H 

H 

u 

H 


X 

i 

/ 

2087.2 

2 159 8 

2 230 1 

2 301 5 

2 371 8 


5 

173 93 


185.84 

191 80 

197 65 

W 

X 

X 

r 

9 46 

9 33 

9 21 

9 OR 

9 05 

mm 

1 

42 9 

44 2 

45 5 

47 0 

SKfljE3| 


11 

s 

12 2 

12 5 

12 8 

13 0 



El 

r 

1 36 

1 33 

1 32 

1 30 

mam 

1 Max. Mom., in-lb 

3 130 000 

MMmm 

EEms 

3 452 000 

3 557 700 

V 



144 000 

162 100 

179 700 

197 600 

215 000 

R 




73 900 

85 700 


106 400 

w 


67 500 

71 600 

71 600 

71 600 

71 600 


24 in 

Depth = 

d in 

24 

24 

24 

24 


Weight per foot 

105 9 


115.0 

120 0 


Area, sq in 

30 98 

32 18 

33.67 

35 13 


b in 


7 875 

7 925 

7.987 

8 048 


t 

in . 


.625 

675 

.737 

798 


c 

in 


20 175 

20 175 

20.175 



g 

in 


5 

5 

5 

5 


[ u in 


lKo 

1W« 

1H« 

Ufa 



X 

/ 

2811 5 

2 869 1 

2 940 5 

3 010 8 



r 

X 

S 

234 30 

239 10 

245 04 

250 90 


£ 

X 

r 

9 51 

9 44 

9 35 

9 26 


>« 

I 

78 9 

80 6 

82 8 

84 9 



i 

S . 

20 0 

20 3 

20.7 

21 1 



>* 

r 

1 60 

1 58 

1 57 

1.56 

■ ■ 

I Max. Mom., m-lb 

4 217 000 

EEZESia 

4 410 800 

4 516 000 

B 

V 



ISO 000 

194 400 

212 300 

229 800 


R. .. 




105 000 

113 700 

H B 

W . 


71 600 


71600 

71 600 



• Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table V.* Bethlehem Beams 


Dimensions—Functions 
1 is Moment of Inertia. 

5 is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3} £ in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 
Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




8 in 

9 in 

10 in 

Depth —d in 

8 00 

8 On 

9 00 

9 06 

9 90 

10 00 

Weight per foot. . 

17 5 

19 0 

20 5 

22.0 

21.0 

23 5 

Area, sq 

in. 

5 20 

5 68 

6 09 

6.51 

6 28 

6 96 

b in 


5 250 

5 270 

5 500 

5 510 

5 740 

5 750 

t in.... 


.250 

270 

.250 

260 

240 

250 

t in . 


6 625 

6 625 

7 500 

7 500 

8 375 

8 375 

g in 


2 U 

2 , 4 

2 1 2 

2>2 

2*4 

2H 

u in 


1 ll2 

% 

H 


1 H 2 

% 


x 

I . . . 

57 7 

63 7 

8ft 5 

93 9 

108 l 



i 

S .. . 

14 43 

15 81 

19 22 

20 73 

21 81 


W 

X 

r 

3 33 

3 3S 

3 77 

3 80 

4 1" 


X 


I 

6 39 

■OBI 

8 54 

9 42 

9 30 

10 9 


1 

S 

2 44 


3 10 

3 42 

3 24 

3 80 


>4 

r 

1 11 


1 18 

1 20 

1 22 

1.25 

1 Max. Mom., in-lb. 

259 700 

2S4 500 

346 000 

373 100 

393* 100 

443 500 

V 



24 000 

26 100 

27 000 

28 300 


30 000 

R 



20 600 

22 300 

21 300 

22 400 

20 200 

21 300 

w 


22 500 

23 900 

22 500 

23 400 

21 600 

22 500 


10 in 

12 in 

I Depth = 

d in 

10 09 

10 19 

11 88 

12 00 

12 12 

12.25 

Weight per foot 

26 0 

28 5 

25 0 

28 0 

31.5 

36 0 

Area, sq 

in.. . 

7 68 

8.41 

7 44 

8 28 

9 36 

10 58 

b 

in .. 


5 770 

5.785 

6 495 

6.500 

6 525 

6 555 

l 

in. . 


270 

285 

.240 

.245 

.270 

300 

c 

in _. 


8 375 

8 375 

10 250 

10.250 

10 250 

10 250 

g in. 

2\ 

2H 

3 

3 

3 

3 

win. . . 

'*'.9 

H 

H 

Ms 

\'o 

Me 



/. 

137 9 

154 1 

185 1 

213 6 

245 7 

281 8 



S . 

27 33 

30 25 

31 16 

35 60 

40 54 

46 01 


X 

r 

4 24 

4 28 

4 99 

5 08 

5 1* 

5 16 

X 

n 

I . 

12 5 

14 2 

13 6 

16 4 

19 4 

22,7 


Rfl 

5 . . . 

4 33 

4 92 

4 19 

5 04 

5 93 

6 93 


El 

r 

1 28 

1 30 

1 35 

1 41 

1 44 

1 46 

1 Max. Mom., in-lb. 

492 000 

544 400 

560 900 

640 800 

729 800 

828 100 

V 



32 700 

34 800 

34 200 

35 300 

39 300 

44 100 

R 



23 700 

25 400 

19 900 

20 500 

23 800 

27 800 

W 


23 900 

23 900 

21 600 

22 100 

23 860 

23 860 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table V * (Continued). Bethlehem Beams 


Dimensions—Functions 
1 is Moment of Inertia. 

5 is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for m bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 
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Properties of Structural Shapes 


[Chap. 10 


Table V* (Continued). Bethlehem Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3)4 in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




15 in 

16 in 

I Depth *= 

d in . . . 

14.88 


15. 12 

vn^| 

15.81 

16 00 1 

Weight per foot. . 


54.5 

59.5 

71.5 

35.0 


Area, sq in . 

14 84 

16 05 

17.49 

21.04 

mUWm 

11 83 

ft in. 


6,975 


7.040 



7.250 

t 

in 


.385 

.410 

.450 

.520 


.295 

c 

in. 


12.375 

12.375 

12.375 

11.750 

14.000 

14.000 

g in . 


3M 

3'A 

3H 

3H 

3H 

3H 

u in 


‘He 

H 

‘Ho 

‘Ho 

‘Ha 

H 


X 

1 . 

563.3 

617.0 

676.2 

799 5 

435.8 

526.2 



5. 

75.71 

82.27 

89.44 

106 60 

55.13 

65.78 

W 

X 

r. . .. 

6.16 

6.20 

6 22 

6 16 

6.51 

6 67 

X 

pm 

I .. .. 

34 7 

38.6 

42 6 

60.9 

21.4 

27 6 


n 

5. 

9.96 

11 0 

12 2 

16.2 

5.92 

7 61 


El 

r. . 

1 53 

1 55 

1.56 

1.70 

1 44 

1 53 

1 Max. Mom., in-lb. 



1 610 000 

lljlfjPTFjjy 

992 300 


V 





HTV 7t 




R 



lKT!Tr!!1 


ft 




w . 

34 700 


Km 





16 in 

Depth inch... 

16. 12 

16.25 

15.88 

16 00 

16 12 

16.25 

Weight per foot. . 

45.0 

50.0 

56 5 

60.5 

66 0 

71,5 

Area, sq 

in. 

13.26 

14.78 

16.63 

17.89 

19 40 

21.07 

ft in. . 


7.285 

7.320 

8.485 

8.500 

8 530 

8 565 

t 

in. . 


.330 

.365 

.375 

.390 

.420 

.455 

c 

in.. 


14 000 

■mE53 

13.375 

13 375 

13.375 

13.375 

g in. 

3\i 

3H 

3 % 

3H 

3H 

3% 

h in. 

Me 

H 

‘He 

H 

‘Mo 

H 



I . 

594.5 

669.0 

742.3 

812.1 

888.4 

wtttwwm 


2 

5. 

73 76 

82.34 

93.49 

101.51 

110 22 


p3 

X 

r . . 

6 69 

6 73 

6.68 

6.74 

6 77 

mw 

<< 

pm 

I . 

31 9 

36.6 

57.8 

64 3 

71.2 

79.0 


§9 

S . 

8 75 

10.01 

13.6 

15.1 

16.7 

18.4 


El 

IP 

1 55 

1 57 

1.86 

1.90 

1 92 

1.94 

Max. Mom., in-lb. 

1 327 700 


IK; ffTjJt 

1 827 200 



V 



63 800 

|i 

t Cm 



Me fZvl 

R 



31 900 

H 

■ 

; 



L 


28 800 

32 400 


35 100 

37 800 



* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table V * (Continued). Bethlehem Beams 


Dimensions—Func itons 
/ is Moment of Inertia. 

S is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3H in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




18 in 

1 Depth = 

i in 

17 94 

18 00 

18.06 

18.12 

17.75 

Weight per foot 

47 0 

49 0 

52.0 

54 5 

59.0 

Area, sq in . . 

13 90 

14 44 

15 34 

16 06 

17 48 

6 

in.. 


7.495 

7.500 

7.525 

7.540 

8 710 

l 

in . 


325 

.330 

.355 

.370 

.380 

c 

in. 


IS 750 

15 750 

15.750 

15 750 

15 250 

g in 


3*4 

3 H 

3*4 

3*4 

4 

u in 


Me 

m 2 

■< 

2 Ha 



X 

1 

/ 

764 1 

802 8 

851 7 




S 

85 18 

89 20 

94 32 



W 

X 

r 

7 42 

7 46 

7 45 



X 

>, 

I 

34 0 

36.1 

38 7 

41 1 

60 7 


J 

S 

9 06 

9 64 

10 3 

10 9 

13 9 


>< 

r 

1 56 

1.58 

1 59 

1 60 

1 86 

[ Max. Mom., in-lb 



1 697 700 

1 780 300 

1 947 600 

V. ... 


70 000 

71 300 

76 900 

80 500 

80 900 

R 



31 000 

inrxiif 

35 800 

38 200 

40 200 

w 


36 600 

37 100 

39 900 

41 600 

42 800 


18 in 

20 in 

I Depth = 

d in 

17 88 

18 00 

18. 12 

19 88 

20.00 

Weight per foot 

64 5 

69.0 

74.0 

56 0 

59.5 

Area, sq in .... 

18.97 

20 38 

21 79 

16 51 

17.47 

6 

in 


8 730 

8.750 

8 770 

8.000 

8.000 

t 

in 


.400 

.420 

.440 

.375 

375 

c 

in. 


15 250 

15.250 

15 250 

17 625 

17 625 




4 

4 

4 

4 

4 

u 

in 


2^5 

2**2 

27 A2 

m 2 

n ;t2 


X 

1 

/ . . 

1059 7 

1 153 7 

1 249 2 

1086 1 

1 181.5 

tn 

S . 

118 53 

128 19 

137.88 

109 27 

118.15 

W 

X 

r. 

7 47 

7 53 

7 57 

8 11 

8.22 

X 

<4 

>4 

/ . 

68 4 

75 6 

82 9 

43 5 

48.6 


1 

S .... 

15 7 

17 3 

18 9 

10 9 

12.2 


>< 

r 

1.90 

1 93 

1.95 

1 62 

1.67 



2 307 400 

2 481 800 

1 966 800 

2 126 700 

K 



1 

:^K*7i¥7Tj]Y 

95 700 

89 500 

90 000 

K 




46 300 

49 500 

39 100 

38 900 

ikh 


HKSEES 

47 300 

49 500 

42 200 

42 200 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table V * (Continued). Bethlehem Beams 


Dimensions—Functions 
1 is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3H in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




20 in 

Depth = d in 

20.06 

20.12 

19 88 

20 00 

20.09 

Weight per foot. 

62.0 

64.5 

68.5 

73.0 

78.0 

Area, sqm . 

18 25 

18.93 

20 12 

21.58 

22.98 

b in . 


8.015 

8 025 

8.855 

8.875 

8.905 

/ 

in . 


. 39C 

.400 

.410 

.430 

.460 

c 

in... 


17.625 

17 625 

17.125 

17.125 

17 125 

g in 


4 

4 

4 

4 

4 

u in 


nu 

2 a .o 


2-^2 



X 

I 

/ 


1 295 1 

l 366 0 

1 485 0 

1 585 5 


5. 

123 61 

128 74 

137.42 

148 50 

157 84 

W 

X 

X 

r 


8 27 

8 24 

8 30 

8 31 

> 

I 




78 5 

84 7 

• 

S. 



16 0 

17 7 

19.0 



r . 



1 88 

1 91 

1 92 

| Max. Mom., in-lb. 

1 225 000 

2 317 300 

2 473 600 

2 673 000 

2 841 100 

V 



93 900 

96 600 

97 800 

103 200 

110 900 

R 



41 500 

43 200 

45 100 

48 400 

53 500 

W 


43 900 

45 000 

46 200 

48 400 

51 800 


22 in 

1 Depth — 

d in 

21 7o 

21 88 

22 00 

22 12 

22 25 

Weight per foot. 

54 5 

58 0 

62.5 

67 5 

73.0 

Area, sq in . . . 

16.04 

17 14 

18 38 

19 84 

21.51 

b 

in. . 


8.490 

8.490 


8 520 

8 545 

t 

in 


.360 

.360 

.370 


.415 

c 

in. 





19.500 


g in 


4 

4 

4 

4 

4 

k in 


M 

Ms 

H 


H 


X 

/ 

t 232 6 

1 363 9 

1 495.4 

1 637 5 

1 796.7 

AXES 

5. . 

r. 

113.34 

8 77 

124 67 

8 92 

135.95 

9 02 

148.06 

9 08 

161.50 

9 14 


/ 

42 2 

HU 

^E£lE3'- 

61 8 

69.1 


J 

.S. . . 

9.95 


mam 

14 5 

16.2 


>* 

r. .. 

1.62 

mam 

■ICS 

1 76 

1 79 

1 Max. Mom., in-lb. 

2 040 200 

2 244 100 

2 447 000 

2 665 000 

2 907 000 

V... 


94 000 

94 500 

97 700 

103 500 

110 800 


_ 


36 000 

36 000 

37 700 

41 300 

45 800 

... E .. 

48 600 

48 600 

49 980 

52 680 

56 060 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table V * (Continued). Bethlehem Beams 


Dimensions—Functions 
I is Moment of Inertia. 

S is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3H in bearing. 

W is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




22 in 

24 in 

| Depth = 

d in 

21 88 

22 00 

22 12 

■HEQEHn 


Weight per foot 

77 0 

83 0 

89 0 

96.5 


Area, sq in .... 

22.74 

24.51 

26.28 

28.38 

20.62 

b 

in .. 


9 220 

9.250 

9.280 

9 320 

9.000 

t 

in... 


.425 

.455 

.485 

.525 

.395 

c 

in. . 


19 000 

19 000 

19.000 

19 000 

21 375 

g in... 


4 

4 

4 

4 

4 

u 

in 


*4*2 

% 


3^2 

2 H 2 


X 

1 

1 866 7 

2 026 5 

2 188 6 

2 373 7 

1 954.1 

CO 

W 

X 

S.. 

T 

170 63 

9 06 

184 23 

9 09 

197 88 
9. 13 

213 37 

9 15 

163.66 

9.74 

X 

< 

n 

I 

87 0 

95 8 

104 8 

115 1 

67 4 


M 

5 

18 9 

20 7 

22.6 

24 7 

15.0 


H 

r 

1.96 

1 98 

2 00 

2 01 

1 81 

I Max. Mom , in-lb 

3 071 300 

3 316 100 

3 561 900 


2 945 900 

V 



111 600 



140 200 

113 200 

R 



47 700 

53 000 

58 400 

65 400 

42 000 

| W 


57 400 

61 400 

65 500 

70 900 

53 300 


24 in 

I Depth = 

d in 

24 00 

24 09 

24 00 

24 12 

23.91 

Weight per foot 

73 5 

79 5 

84.5 

90 5 

95 5 

Area, sq 

in .. . 

21.70 

23.35 

24.97 

26 47 

28.05 

b 

in. 


9 000 


9 500 

9 515 

9.730 

t 

in.. 


395 

.430 

460 

.475 

.505 

£ 

in 


21 375 

21 375 

21 125 

21 125 

20 750 

g in . 


4 

4 

4 

4 

SH 

u m 


% 






X 

i 

np| 

2 108 8 

2 266 7 

2 405 7 

2 588 2 

2 692.7 



175 73 

188.19 

200.48 

214 61 

225.24 

M 

X 

< 

X 

Bm 

9 86 

9 85 

9 82 

9 89 

9.80 

wm 

i . 

74 7 

81 2 

95 8 

104 9 

117.1 


§9 

s. ... 

16 6 

18.0 

20.2 

22 1 

24.1 


El 


1 86 

1 87 

1 96 

1 99 

2 04 

1 Max. Mom., in-lb. 

3 163 200 

3 387 300 

3 608 600 



V 

r 


113 800 


132 500 

H 

144 900 

R 



41 800 


54 100 



w.. 


53 300 


62 100 

64 100 



* Compiled from data in Steel Construction, published by the American Institute o! 
Steel Construction. 
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Table V * (Continued). Bethlehem Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3H in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV 




24 in 

26 in 

Depth = d in 


24 09 

25.78 

25.88 

26 00 

Weight per foot. 

99,5 

104.5 

81,0 

85,5 

91 0 

Area, sq 

in. 

29.40 

30 88 

23 90 

25.11 

26 76 

b in 


9 750 

9.775 

9.470 

9 480 


t 

in .. 


.525 

.550 

.440 

.450 

470 

c 

in... 


20.750 

20.750 

23,00 

23 00 

23 00 

g m.. 


5} 2 


5*2 

5)2 

5*2 

u 

in 


Vi 

29 A2 





X 

i 

/ 

2 841.3 

2 997 3 

2 600 1 

2772.5 

2 993.1 


5.. . 

236.78 

248.84 

201,71 

214.26 

230 24 

3 

< 

X 

r 

9 83 

9.85 

10.43 

10 51 

10.58 

wm 

1 

124 9 

132 9 

84 3 

91 7 

100.9 


n 

S . .. 

25 6 

27 2 

17.8 

19.3 

21.2 


El 

r . . 

2.06 

2.07 

1,88 

1 91 

1 94 

I Max. Mom., m-lb 

4 262 000 

4 479 100 

3 630 900 

3 856 600 

4 144 300 

V 


f * ... 

151 200 

159 000 

136 100 

139 700 

146 600 

R 



66 600 

71 400 

50 400 

52 100 

56 000 

w 



71 600 

69 300 

70 900 

74 000 


26 in 

28 in 

I Depth — 

d in 

26.12 

27.69 

27.88 

28 00 

28 12 

Weight per foot. . 

98,0 

85.0 

91,0 

97 0 

104 0 

I Area, sq 

in . 

28.69 

24.96 

26.86 

28.61 

30 66 

b 

in . 




9.980 

10.000 


t 

in . 

. . . . 

1 ■H l 

.450 

,450 

470 

.500 

c 

in 


23,00 

24.875 

24,875 

24 875 

24.875 

g in . 


5H 

5 H 

5}4 

5V£ 

s'A 

u in 


nu 

% 

% 

% 

2^2 



/ . ... 

3 231.2 

3 075,2 

3 441.1 

3 711.5 


rn 

‘ 

S . 

247,4 

222,12 

246 85 

265 11 

284,73 

$ 

X 

r. . . 

10.61 

11 10 

11.32 

11 39 

11,43 

< 

>H 

/ . .. 

110.6 

91,0 

106.7 

117.4 

128,7 


z 

5 .... 

23,2 

18.2 

21.4 

23 5 

25,7 


>< 

r, . . 

1.96 

1.91 

1.99 


2,05 

I Max, Mom., in-lb. 


3 998 100 


4 771 900 


V.. 

.,. . 

Hj B 

149 500 

1 

157 900 


* 



Kv} S 





1 W 


78 800 


81 000 

84 600 

90 000 | 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table V * (Continued). Bethlehem Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for V/i in bearing. 

W is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV. 

Note : The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




28 in 

30 in 

Depth — d in .... 

Weight per foot. 

Area, sq in . 

b in ... 

/in .... 

c in ... 

g in 
u m 

28.25 
112 0 
32.95 
10.065 
.535 
24 875 
5*S 
2^2 


28.59 
133 0 

39 09 
10.160 
.630 
24 875 

1 H 2 

29.78 

110.0 

32.45 

10.470 

.520 

26.50 

SM 

27 /ll2 

29.88 

115.0 

33.80 

10.480 

.530 

26.50 

5 M 

H 

AXES 

X 

1 

X 

1 

s 

r 

4 328 0 
306.41 
11 46 

4 647 4 
327 51 
11 50 

5 204 0 
364 04 
11 54 

4 6 87 7 
314 82 
12 02 

4 942.9 

330 85 

12 09 

i 


141 2 

28 1 

2 07 

mm 

175 3 

34 5 

_ 2 12 


151.8 

29.0 

2 12 

Max. Mom., in-lb 

V . 

R ... 

W 

5 515 300 
181 400 
69 500 
95 400 

5 895 200 
192 400 
75 900 
95 400 

6 552 800 
216 100 
89 900 
95 400 

5 666 800 
185 800 
66 600 
105 300 

5 955 300 
190 000 
68 400 
107 400 


30 in 

Depth =<i m . 
Weight per foot 
Area, sq in . 

6 in . 

/ in . . 
c in ... 
g in 
u in 

30 00 
121 0 

35 65 
10 500 
550 
26.50 

s»S 

30 12 
129 0 

37 82 
10 530 
.580 
26 50 
5* a 

1 

30 25 
137 0 

40 40 
10.570 
620 
26 50 
5*2 
lMfl 

30 44 
149 0 
43.93 
10.620 
.670 
26 50 
5H 
l*i« 

30.65 

163.0 

48 00 
10.680 
730 
26 50 

SH 

1**2 

AXES 

3 

I. 

S. 

r 

5 269 7 
351 31 
12 16 

5 622 7 
373 35 

12 19 

6 026 7 
398.46 
12 21 

6 606 6 
434.07 
12 26 

7 270 7 
474.43 

12 31 

g 

1 .. 

.$■ . 
r . 

164 3 

31 3 

2 15 

177 6 

33 7 

2 17 

192 6 

36 4 

2 18 

214 5 

40 4 

2 21 

239 8 

44 9 

2 24 

Max. Mom., in-lb 

V . 

R . 

W 

6 323 600 
198 000 
72 800 
107 400 

6 720 400 
209 700 
79 400 
107 400 

7 172 300 
225 100 
88 400 
107 400 

7 813 300 
244 700 
99 700 
107 400 

8 539 800 
268 500 
113 400 
107 400 


• Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table V * (Continued). Bethlehem Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowaole End Reaction for V/i in bearing. 

W is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV. 

Rote: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




33 in 

1 Depth « 

d in 

32 89 

33 00 

33 12 

33.27 

HEBEEI 

Weight per foot. . 

125.0 

135 0 

143.0 

152.0 

165 0 

Area, sq in. 

36.83 

39.55 

42.05 

44.65 

48.52 

b in.. 


11.205 

11.250 

11.285 

11.312 

11 350 

t 

in.. 


.535 

.580 

.615 

.642 


c 

in.. 


29.375 

29.375 

29.375 

29.375 

29.375 

g in . 


7 'A 

7 H 

m 

m 

7 H 

m in 


We 

H 

We 

1 

1 H 


X 

' 

/ . 

6 498 2 

6 967 4 

7 442 2 

7 991 4 

8 835 4 

CO 

5. 

395.15 

422 27 

449 41 

480 40 

527.49 

M 

X 

r . 

13 28 

13.27 

13 30 

13 38 

13 49 

X 

< 

vm 

I .. . 

183.2 

198.7 

215 1 

234 9 

265 5 


Ml 

5 

32 7 

35 3 

38 1 

41.5 

46 8 


El 

im 

2 23 

2 24 

2 26 

2.29 

2.34 

I Max. Mom., in-lb. 

7 112 700 

UBEgD 

8 089 300 

8 647 100 

9 494 800 




211 200 

229 700 

244 400 

256 300 

273 400 

* 



69 300 

79 700 


94 300 

103 500 

w 


107 370 

107 370 

107 370 

107 370 

107 370 


36 in 

I Depth * 

d in 

35 9 


36 12 

36 25 

36 52 1 

Weight per foot 

147.0 

155 0 

164 0 

173.0 


Area, sq in. 

43.23 

45 58 

48 10 

50 94 

55 87 

b in.. 


11.968 

mmmpMrxt] 


12.065 

12.111 

t 

in.. 


.583 

.615 

.645 

.680 

.726 

c 

in.. 


32 125 

32 125 

32 125 

32 125 

32 125 

* in... 


7 K 

7M 

7 H 

7H 

7H 

u in 


2^2 

Wa 

IHa 

Wa 

l%a 


X 

l 

J. . . 

9 036.3 

9 547 4 

10 133 

10 784. 

12 049. 

CO 

5 

503 42 

530 41 

561 07 

594.98 

659 86 

a 

X 

< 

X 

r 

14 46 

14 47 

14 51 

14 55 

14 68 

a 

/. 


259.9 

279.4 

301 l 

344 9. 


n 

5. .. 


43. 

46. 

49. 

57. 


u 

D 


2.39 

2 41 

2 43 

2 48 

I Max. Mom., m-lb. 

9 061 500 


10 099 300 

mwm 7 2 


V... 


251 200 

265 700 

279 600 


■B 

x 



80 200 

88 100 

95 500 

H 

■ , BTc? 

1 . W : 


107 370 

hbesee 

107 370 


mm '.mm 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction 
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Table VI.* Bethlehem Girder Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3 >2 in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




8 in 

9 in 

Depth — d in. .. 

7 88 


8 12 

8 94 

9 00 

9.12 

Weight per foot. 

29 5 


36 5 

36 0 

38 5 

43 5 

Area, so in ... . 

8 69 

9 69 

10 81 

10 66 

11 35 

12.73 

b 

in .. 


7 995 


8 020 

8 480 

8 500 

8 540 

t 

in 


285 


310 

290 


350 

c 

in. . 


5 938 

5 938 

5 938 

6 875 

6 875 

6 875 

Z in .. 


54 

54 

54 

54 

54 

54 

u in 


462 

» V »J 

1^2 

1 <2 

4*12 

9i# 


X 

1 

I 

100 7 

116 1 

132 6 

160 5 

n 9 

195 4 

CO 

s . 

25 56 

29 03 

32 66 

35 91 

3 

42 85 

W 

X 

r . 

3 41 

3 46 

3 50 

3 88 

3 89 

3 92 

X 

< 

*>« 

I . . 

28 4 


39 0 

41 0 

44 4 

51 3 


1 

.S .... 

7 10 


9 72 

9 67 

10 4 

12 0 


> 

r . 

1 81 


! 90 

1 96 

1 98 

2 01 

| Max. Mom., m-lb 

460 000 

522 500 

587 900 

646 300 

687 600 

771 300 

V 



26 900 

27 800 

30 200 

31 100 

33 500 

38 300 

R 



23 400 

23 900 

25 700 

25 000 

26 700 

30 200 

_ 


25 650 

26 100 

27 920 

26 100 

27 900 

31 500 


10 in 

12 in 

I Depth — 

i in 

9 91 

10 00 

10 12 

11 91 

12 00 

12 12 

Weight per foot 

41 5 

44 5 

50 0 

51 5 

55 5 

61 0 

Area, sn in 

12 23 

13 14 

14 62 

15 21 

16 35 

17 92 

b 

in 


8 990 

§^K«jTj7jj 


9 980 

10 000 

10 030 

t 

in . 


310 

.320 

.360 

360 

380 

.410 

c 

in 


7 750 

7.750 

7 750 

9 5 

9 5 

9 5 

g m 


54 

54 

54 

54 

54 

5,4 

u 

in 


4 

%i'« 

4 


4 



X 

/ 

225 8 

246 7 

in 5 

400 6 

435 6 

483 6 


l 

S . 

45 57 

49 34 

54 84 

67 27 

72 60 


W 

X 

r 

4 10 

4 33 

4 36 

5 13 

5 16 

5 20 

X 

< 


/. . . 

52 6 

58 2 

66 4 

76 9 

84 9 

95 9 


'T 

5. . . 

11 7 

12 9 

14 7 

15 4 

17 0 

19.1 


>< 

r 

2 07 

2 10 

2 13 

2 25 

2 28 

2 31 

I Max. Mom., in-lb. 

820 300 

888 100 

987 100 

1 210 900 

l 30 > 80v) 

1436 400 

V 

r 



38 400 

IKHZjTjl 

51 500 

54 700 

1 59 700 

* 

l. . . 


27 900 

28 800 

32 400 

35 100 

37 100 


1 w 


27 900 

HEZIiS] 

32 400 

48 600 

51 300 



• Compiled from data in Steel Construction, published by the American Institute ol 
Steel Construction. 
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Table VI * (Continued). Bethlehem Girder Beams 


Dimensions—Functions 
7 is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3A in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




12 in 

15 in 

I Depth = 

d in 

11 88 

12 00 

■1 •Mlm 

14 82 

14.88 

15 00 

Weight per foot 

66 0 

70 5 

m 

64 5 

69 0 

74 0 

Area, sq in 

19.32 

20 79 


19 00 

20 18 

21.76 

ft 

in 


10 230 

10 250 

10 290 

10.700 

MEaEfl 

10.750 

t 

in 


450 

470 

510 

390 

.420 

440 

c 

in . 


9 0 

9 0 

9 0 

12.125 

12 125 

12.125 

i in 


S'A 

532 

5} 2 

732 

7H 

73S 

u in. 



2)*j2 




a 


g 

l. 

496 9 

543 6 

594 2 

771 6 

815 3 

892 7 


S . . 

83 65 

90 60 

98 05 

104 13 

109 58 

119 03 

W 

X 

r .... 

5.07 

5 11 

5 14 

6.36 

6.36 

6.40 

X 

< 


1 . . 

108 3 

119 7 

132 1 

108 6 

115 8 

128 9 


7 

5. .. . 

21 2 

23 4 

25 7 

20 3 

21 6 

24 0 


> 

r. 

2.37 

2 40 

2 42 

2.39 

2.40 

2.41 

1 Max. Mom., m-lb. 

naasa 

1 630 800 

1 764 900 

1 874 300 

1 972 500 

2 142 500 

X 



64 100 

67 700 

74 200 

69 400 

75 000 


B 



43 900 

45 800 

49 700 

41 000 

45 200 

47 900 

—2— 



63 450 

68 850 


75 600 

79 200 


15 in 

l Depth — 

d m 

15 12 

14 80 

14 88 

15 00 

15 12 

14 75 

Weight per foot. 

80 5 

94 0 

99 0 

105 0 

111 0 

127.0 

Area, sq in .... 

2 3 66 

27 66 

29 00 

30 80 

32 75 

37 47 

ft in. 


10 790 

11 190 

11 220 

11.250 

11 290 

11 680 

/ 

in... 


480 

.540 

.570 

600 

640 

730 

c 

in.. 


12 125 

11 250 

11 250 

11 250 

11 250 

10 250 

e 

in . 


7 'A 

7 l/ 2 

7! 2 

7 H 

7 1 2 

73 a 

1 u in... 


2V Ja 

27 Aa 

y% 

1! Ha 

1 

VA 


2 

/ 

977 4 

1090 2 

1147.7 

1231.3 

1319,3 

1415.6 


5 

129.29 

147 32 

154 26 

164 17 

174 51 

191 95 

a 

X 

< 

X 

r 

6 43 

6.28 

6.29 

6.32 

6 35 

6.15 


I 

143 1 

187 4 

198 5 

214 4 

231.3 

289 1 


J 

S.... 

26 5 

33 5 

35.4 

38 1 

41 0 

49 5 


r* 

r . . 

2 46 

2 60 

2 62 

2 64 

2 66 

2 78 

| Max. Mom., in-lb. 

2 327 100 

2 651 800 

2 776 700 

2 955 100 

3 141 200 


V 



87 100 

95 900 

101 700 

108 000 

116 200 

129 200 

B 



52 200 

58 700 


65 300 

KgEEin 

79 400 

L_JL_ ■ 

. 

86 400 

95 440 

95 440 

95 440 

95 440 

95 440 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VI * (Continued). Bethlehem Girder Beams 


Dimensions—Functions 
I is Moment of Inertia. 

S is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 34 in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV 




15 in 

16 in 

Depth = 

d in 

14 88 

15.00 

15 12 

15.88 

16 00 

16.12 

Weight per foot 

135 0 

141.0 

147.0 

74 5 

81.0 

87.Q 

Area, sq in .... 

39 58 

41 41 

43.30 

21.96 

23 82 

25.68 

b in . 


11.720 

11.7 SO 

11.780 

11.470 

11 500 

11.530 

1 

in . 


770 

800 

830 

390 

.420 

450 

c 

in.. 


10 250 

10 250 

10 250 

12.875 

12 875 

12 875 

! g in 


74 

7*2 

74 

74 

74 

74 

M 

in 


1^32 

1 ',*'<2 

I'M*? 

*4 

nu 

H 


X 

i 

1 

l 509 9 

1 596 8 

1 685.4 

1 033.6 

1 131.3 

1 230 8 

C/D 

5 

202.94 

212.91 

222.94 

130.18 

141.41 

152.70 

H 

X 

r 

6 18 

6.21 

6.24 

6 86 

6 89 

6.92 

X 

< 

mm 

UM 

mmam 

328.5 

347.5 

148.1 

164.6 

181.3 


m 


£ 

55.9 

59.0 

25,8 

28.6 

31.5 


JE9 


mm 

2 82 

2 83 

2 60 

2 63 

2 66 

Max. Mom., in-lb. 

3 053 000 

3 832 300 


2 343 200 

2 545 400 

2 748 700 

V.. 


137 400 

144 000 

150 600 

74 300 

80 600 

87 000 


!. . . . 


83 700 

87 000 

90 300 

41 300 

45 700 

50 000 

W 


95 440 

95 440 

95 440 

70 200 

75 600 

81 000 


16 in 

18 in 

20 in 

Depth = 

d in . . 

16.25 

17,88 

18 00 

18,12 

18 25 

19 75 

Weight per foot. 

94,0 

80 0 

86.0 

92.0 

99.0 

99.0 

Area, sq in. 

2 7.75 

23 59 

25 35 

27 13 

29 11 

29 21 

h in . 


11.565 

11.730 

11.750 

11 770 

11.795 

11.950 

t 

in . 


485 

.420 

.440 

.460 

.485 

510 

c 

in . 


12.875 

14.875 

14.875 

14 875 

14 875 

16 375 

B 

in . 

___ 

74 

74 

74 

733 

74' 

74 

u 

in 



s 

Mfe 

u 


**32 


X 

r 

l 341.4 

1 380.7 

1 503.6 

1 628,5 

1 767 7 

2 034 4 

CO 

• 

S .. 

165.10 

154.44 

167.07 

179.75 

193.72 

206.02 

w 

X 

r 

6 95 

7.65 

7 70 

7.7 5 

7 79 

8.35 

X 

< 

mm 

I. . . 

199.9 

157.8 

174.9 

192.2 

. 

202.1 


ra 

5. . . 

34.6 

26.9 

29.8 

32.7 


33.8 


El 

r . . . 

2.68 

2.59 

2.63 

2.66 

2 69 

2.63 

Max. Mom., in-lb. 

2 971 700 

2 779 900 

3 007 200 

3 235 400 

3 487 000 

3 708 300 

V 



94 600 

90 100 

95 000 

USEE 

106 200 

| 120 900 

R 



t 54 600 

46 200 

49 500 

52 800 

56 900 

62 400 

W . 


i 87 300 

94 500 

■ESElu 


109 100 

1 114 800 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VI * (Continued). Bethlehem Girder Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3A in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




20 in 

| Depth == 

d in 

19.88 

20 00 

20 12 

19 75 

19 88 

20 00 

Weight per foot. . 

107.0 

113 0 

IHiW 

127.0 

135.0 

142.0 

Area, sq in .. 

31 36 

33 20 

35 24 

37 33 

39.58 

41.71 

b 

in. . 


11.980 

12.000 

12.030 

12.690 

12 720 

12 750 

t 

in . 


540 

.560 

.590 

600 

630 

660 

c 

in . 


16.375 

16.375 

16.375 

15 750 

15.750 

15.750 

g in 


7M 

7 A 

7 yi 

7} 6 

7'A 

7 A 

u in 


AU 

A 

o 

l" 

lMo 

Wi 



/ 

2 206.5 

2 362 8 

2 528.0 

2 607.3 

2 788.9 

2 960 6 

tfi 

1 

S . 

221.98 

236 28 

251.29 

264.03 

280.57 

296 06 

W 

X 

r 

8.39 

8.44 

8.47 

8.36 

8.39 

8 43 

X 

Sh 

I . 

222.4 

240.8 

260.2 

313.0 


361 0 


1 

S 

37.1 

40.1 

43.3 

49.3 

■ 

56.6 



r 

2.66 

2 69 

2.72 

2 90 

2.92 

2.04 

1 Max. Mom., in-lb. 

3 995 700 

4 253 000 

4 523 300 

4 752 500 

5 050 300 


\ 




134 400 

142 500 

142 200 

150 300 

158 400 

R 



67 200 

■ 

75 200 

76 500 

80 300 

84 200 

w... 


110 300 

119 300 

119 300 

119 300 

119 300 

119 300 



22 in 

I Depth = 

d in 

20 . 12 

21 88 

22 00 

22 . 12 

22.25 

22 38 

Weight per foot 

149 0 

101.0 

108.0 

116.0 

124.0 

132 0 

Area, sq in .... 

43 84 

29 68 

31 89 

34 12 

36 59 

38 96 

b in . 


12.780 

12.970 

13.000 

13.030 

13.065 

13.095 

t 

in. 


.690 

.450 

.480 

.510 

.545 

.575 

c 

in . 


15 750 

18.625 

18.625 

18.625 

18.625 

10.625 

g in.. 


7A 

m 

7'A 

7M 

7A 

7A 

u in.. 


19 \2 

% 

i-Mfl 

H 

*Me 

1 " 


S 


1 134.9 

2 590.4 

2 804.3 

3 021.2 

3 261.7 

3 501.2 

CO 

S . 

311.62 

236.78 

254.94 

273 16 

293 19 

312.89 

« 

* 

r 

8 46 

9 34 

9.38 

9.41 

9 44 

9 48 

'5 

n 

I 

384.6 

238 1 

261.9 

286 0 

312 6 

339.3 


19 

S. . . 

60.2 

36.7 

40.3 

43.9 

47.9 

51.8 


El 

| 

2 96 

2.83 

2.87 

2.90 

2 92 

2.95 

I Max. Mom., in-lb. 

5 609 200 


4 588 800 

mSMm 

5 277 300 

EBaESa 

V 



166 600 

118 200 

126 700 

135 400 

iBjCfcmnni 

154 400 

R 



88 000 


57 600 

62 900 

69 100 

75 200 

L y • 


119 300 

121 600 

129 600 

137 800 

143 160 

14.3 160 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VI * (Continued). Bethlehem Girder Beams 

Dimensions—Functions 

l isMoment of Inertia. 1 * »« g ! 

5 is Section-Modulus. Jr- t -njc 

r is Radius of Gyration. f "" — t- 

V is Maximum Web Shear in Pounds. « J £ 

R is Allowable End Reaction for 3H in bearing. -i-.u 

W is Maximum Load on one Standard Connection. X ^ 

For Allowable Total Loads, see Table V, Chapter XV. _^ t —I- 

Note: The attention of the reader is especially called J === ^7 - 

to Remarks on Stock Sizes, Chapter XV. ' 



* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Properties of Structural Shapes 
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Table VI * (Continued). Bethlehem Girder Beams 


Dimensions—Functions 
1 is Moment of Inertia 
5 is Section* Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3H in bearing. 

W is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




26 in 

28 in 

1 Depth s= 

d in 

26 12 

27 75 

27 88 

28 00 

Weight per foot . . 

160 0 

145 0 

156 0 

165.0 

Area, sq in .... 

47 25 

42 69 

45 93 

48 75 

I 6 lti. 


13 790 

14 160 

14 210 

14 250 

/ 

in 


.670 

.585 

.635 

.675 

c 

in 


22.0 

23 750 

23 750 

23.750 

g in 


10 

10 

10 

10 

u in 


1 Hz 

2^ 2 

2 9fl 2 



X 

i 

/ 

5 629 4 

5 772 3 

6 218 6 

6 624.6 

co 

S 

431 04 

416 02 

446 10 

473 19 

W 

X 

r 

10 92 

11 63 

11 64 

11 66 

X 

< 


I 

432 8 

389.8 

425 4 

458,3 


J 

S 

62 8 

55 1 

59 9 

64 3 



r 

3 03 

3 02 

3 04 

3 07 

1 Max. Mom , in-lb. 

7 758 700 

7 488 400 

8 029 700 

8 517 300 

V 



210 000 

194 800 

212 400 

226 800 

n 



96 400 

80 000 

90 600 

09 100 

w 


167 000 

167 000 

167 000 

167 000 


28 in 

30 in 

Depth = d in 

28 12 

28 31 

29 88 

30 00 

Weight per foot 

175 0 


173 0 

180 0 

Area, sq in . 

51 45 

54.73 

50 80 

53 20 

b in 


14 285 

14.305 

14 980 

15.000 

t 

in 


.710 

. 730 

660 

.680 

€ 

in 


23 750 

23.750 

25 50 

25.50 

g 

in 


10 

10 

10 

10 

\ u in 


IH‘2 

Hi 


1Hz 


X 

/. 

7 026 0 

7 604 0 

7 895 2 

8 343.1 

CO 

i 

5. 

499 72 

537 20 

528 46 

556 21 

H 

X 

r 

11 69 

11 79 

12 47 

12 52 

X 

>1 

1 . 

491 1 

539 7 

519 1 

555 1 


J 

S.. 

68 8 

75 5 

69 3 

74 0 


>* 

r 

3 09 

3 14 

3 20 

3 2T 

1 Max. Mom., in-lb. . 

8 994 900 

9 669 500 

9 512 300 

10 011 700 

v 



239 600 

248 000 

236 600 

244 800 

R 



106 700 

111 100 

97 200 

101 600 

L*--. 


167 000 

167 000 

190 880 

190 880 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VI * (Continued). Bethlehem Girder Beams 


Dimensions—Functions 
1 is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for in bearing. 

W is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




30 in 

Depth *=d in 

30 12 

30 25 

30.50 

30.75 

Weight per foot. 

190 0 

200 0 

220.0 

240.0 

Area, sq in. 

55 90 

58 92 

64 82 

70.60 

b 

in . 


15 030 

15.065 

15 135 

15.200 

t 

in. 

mm m 


745 

815 

880 

e 

in .. 



25 50 

25 50 

25 50 

g in. 



10 

10 

10 

w in 



1V»2 




3 

1 . 

8 818.0 

9 343.8 

10378.0 

BKUmf 

AXES 

S. . . 

r 

585 57 

12 56 

617 77 

12 59 

680 52 

12 65 

742 96 

12 72 

J* 

1 


634 2 

716 1 

WBSSBM 


7 

S 


84 2 

94 6 

BBSS 



r . 


3 28 

3 32 

■Km 

1 Max. Mom., in-lb... 

10 539 400 

11 119 900 

12 249 400 

13 373 300 

V 



256 600 

270 400 

298 300 

324 700 

R 



108 400 

116 400 

132 300 

147 200 

w 


190 880 

190 880 

190 880 

190 880 


33 in 

I Depth *= 

d in 

32 88 

33 00 

33 12 

33 25 

Weight per foot . 

200 0 

210 0 

220 0 

230.0 

Area, sq in 

58 87 

61 91 

64 80 

67.8S 

b 

in 


15 715 

15 750 

15.780 

15.810 

t 

in 


700 

735 

765 

.795 

c 

in 


28 250 


28 250 

28 250 

g 

in 


10 

10 

10 

10 

u in . 




1 7 i»a 

Wt 


g 

/. 

11 055 

11 671 



m 

W 

.S 

672 45 





r 

13 70 

13 73 

13 77 

■ 

X 


I. 

664.6 

708 5 

752 2 

■ 


'j 

S 

84 6 

90 0 

95 3 

■ mm 



r 

3 36 

3 38 

3 41 

3.43 

1 Max. Mom., m-lb. 

■ElEXIilS 

12 732 000 

13 345 700 

14 004 800 

V. . . 


276 200 

291 100 

304 000 

317 200 

R. ... 


108 000 

116 300 

123 600 

130 900 

W . 


190 880 

190 880 

190 880 

190 880 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VI * (Continued). Bethlehem Girder Beams 


Dimensions—Functions 
I is Moment of Inertia. 

S is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3H in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
^o Remarks on Stock Sizes, Chapter XV. 




33 in 

36 in 

\ Depth = 

d in. 

33 44 

33.63 

35.88 

36.00 

[ Weight per foot.. . 

245 0 

260 0 

230 0 

240 0 

I Area, sq in. 

72 19 

76.54 

67 67 

70 55 

b in.. 


15 850 

15 890 

16 475 

16.500 

t 

in . 


.835 

875 

.765 

790 

c 

in.. 


28 250 

28 250 


31 000 

g m. 


10 

10 

10 

10 

u in 


1®<8 

1 *$32 

1>«6 

1*4 


X 

/ 


14 868 

14 960 

15 696 


i 

S . 


884.21 

833.89 

872 00 

e 

W 

X 

r 


13 94 

14 87 

14 92 

X 

mm 

I . 


939 8 

824 5 

873 5 

< 

3 

5 . 

wmM 

118 3 

100 1 

105 9 


E3 


m 

3 50 

3 49 

3 52 

I Max. Mom., in-lb.. 

14 958 700 

15 915 800 


15 696 000 

\ 



335 100 

353 100 

329 400 

341 300 

R 


. 

140 700 

150 500 


132 000 

w -- 


190 880 

190 880 

190 880 

190 880 


36 in 

Depth — d in. 

36 12 

36 24 

36.50 

36 72 

Weight per foot... 

250 0 

260 0 

280 0 

300 0 

Area, sq in. 

73 61 

76 50 

82 45 

88.12 

b in_ 


16.530 

16 555 

16 600 

16.655 

t 

in.. 


.820 

.845 

.890 

.945 

c 

in_ 


31 000 

31 000 

31.000 

31.000 

g in. 

10 

10 

10 

10 

u in. 

1 Ms 

m 

1H 

1 % 


X 

/. 

16 457 

17 205 

18 811 

20 262 



S . 

911.24 

949 50 


1 103 59 

Ui 

W 

X 

r . . 

14 95 

15 00 

15 10 

15 16 

X 

>* 

/ . . . 

923.8 

973.7 

1 081.4 

1 177.7 


J 

5. 

111.8 

117 6 

130.3 

141 4 


>* 

r. 

3 54 

3 57 

3 62 

3 66 

1 Max. Mom., in-lb... 

16 402 300 

17 091 100 

18 553 300 

19 864 700 

V 



355 400 

367 500 

389 800 

416 400 

X 


. 

139 700 

146 000 

158 000 

172 300 

1 w 


190 880 

100 880 

190 880 

190 880 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VII.* Carnegie Beams 


Dimensions—Functions 

/ is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 34 in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV 
Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




8 in 

1 Depth == 

d in 

8 000 

8 098 

8 196 

8 060 

8.198 

8 360 1 

Weight per foot 

24 0 

27 0 

30 0 

31 0 

36 0 


Area, sq in . 

7 06 

7 93 

8 81 

9 10 

10 58 

12 34 

b 

in. . 


6 500 

6 529 

6 559 

8 000 

8 046 

8 100 

t 

in . 


239 

268 

.298 

290 

336 

390 

I min , 


400 

449 

498 

430 

499 


c 

in . 


64 

64 

64 

61* 

64 

64 

Jf 

in. 


3 

3 

3 

54 

54 

54 


X 

i 

/ . . 

84 J 

95 9 

107 8 

110 9 

131 3 

156 2 


5. 

21 08 

23 68 

26 31 

27 52 

32 03 

37 37 

W 

X 

r . 

3 46 

3 48 

3 50 

3 49 

3 52 

3 56 

X 

Lm 

/ .... 

mmam 

20 8 

23 4 

36 7 

43 4 

51 4 


J 

5. 

■39 

6 4 

7.1 

9 2 

10 8 

12.7 


>< 

r 

1 61 

1 62 

1 63 

2 01 

2 02 

2 04 

1 Max. Mom., in-lb. 

379 400 

426 300 

473 500 


576 600 

672 600 

V . 


22 900 


29 300 

28 100 

33 100 

39 100 

R 




1 ’ ] 

24 800 

23 990 

27 970 

32 700 

w 

. 

21 510 

23 860 

23 860 

26 100 

30 240 

35 100 


9 in 

I Depth = 

d in 


9.096 

9.192 


9 122 

9.242 

I Weight per foot. . 

29 0 

32 0 

35.0 

38 0 

43 0 

48 0 

I Area, sq in. 

8 53 

9 40 

10 29 

11 17 

12 65 

14 n 

b 

in. . 


6 500 

6 528 

6 556 

9 000 

9 041 

9.082 

t 

in . 


279 


335 

316 

357 

.398 

1 m in 


470 

.518 

566 

470 

531 

591 

c 

in . 


7 

7 

7 

7 

7 

7 

g 

in 


3 

3 

3 

54 

54 

54 


* 

/.. . 

126 0 

140 5 

155.4 

170 4 

195 5 

221 1 


S. . . 

28 00 

30 89 

33 81 

37 87 

42 86 

47 85 


X 

r 

3 84 

S 87 

3 89 

3 91 

3 93 

3 96 

X 


I ... 

21.5 

24 0 

26.6 

57 1 

65 4 

73 8 


r \ 

S 

6 6 

7.4 

8 1 

12 7 

14 5 

16 3 


>* 

r 

1 59 

1 60 

1 61 

2 26 

2 28 

2 29 

| Max. Mom., in-lb 

504 000 


608 600 

681 600 

771 500 

861 200 

V 



30 100 

33 500 


34 100 

39 100 

44 100 

R 



24 060 

26 590 

29 130 

27 250 

30 950 

34 690 

1 W 


23 860 

23 860 


28 440 


35 820 


* Comniled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VII * (Continued). Carnegie Beams 


Dimensions—Functions 
/ is Moment of Inertia. 

5 is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3H in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 
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Table VII * (Continued). Carnegie Beams 


Dimensions—Functions 
1 is Moment of Inertia. 

S is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 34 in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




12 in 

1 Depth = 

d in . 

12.000 

12 118 

tl2 022 

12 236 

12 000 

12.130 

Weight per foot 

28 0 

32 0 

34 0 

36 0 

40 0 

45 0 

Area, sq in 

8 22 

9.40 

9 99 

10 59 

11.76 

13 23 

b 

in 


6 500 

6 534 

6 635 

6.568 

8.000 

8 036 

t 

in 


240 

.274 

375 

.308 


326 

m in 


420 

479 

.431 

538 

526 

.591 

c 

in . 


mi 

iom 

10 H 

10M 

9 Ji 

9V, 

g 

in 


3' 2 

3*2 

3*2' 

31* 

4 

4 


X 

> 

213.4 

246 3 

238. 1 

280. 1 

313 7 

356.9 


' 

5 . 

35.57 

40.65 

39 61 

45.78 

52.28 

58 85 

H 

X 

r 

5 10 

5 12 

4 88 

5 14 

5 17 

5 19 

X 

<; 

>H 

l 

19 2 

22 3 

21.0 

25 4 

44 9 

51 2 


1 

s. 

5.9 

6.8 

6.3 

7 7 

11 2 

12 7 



r 

1.53 

1.54 

1 45 

1 55 

1 95 

1 97 

1 Max. Mom., in-lb 

640 200 

731 700 

713 000 

824 100 

941 100 

1 059 200 

V 



34 600 

39 800 

45 100 

45 200 

41 800 

47 500 

R 



19 820 

24 290 

36 590 

28 790 

26 400 

31 140 

IV.. 



23 860 

23 860 

23 860 

23 860 

23 860 


12 in 

I Depth = 

dm.. 

12 258 

■flEEQ 

12 118 


12 000 

12 000 

Weight per foot. 

50 0 

55 0 

60.0 

66.0 

65 0 

70 0 

Area, sq in .... 

14 69 

16.17 

17.65 

19.41 

19.11 

20 58 

b 

in. 


8.071 

9.000 

9.034 

9.073 

12.000 

12 123 

t 

in 


.361 

.375 

.409 

.448 


.523 

m in 


655 

.665 

.724 

.795 

.608 

.608 

c 

in . 


9H 

9H 

94 

9^2 

9H 

9 4 

g 

in 


4 

54 

54 

5H 

74 

74 


X 

i 

/.. .. 

400 5 

428.4 

mWWm. 

525 7 

521 3 

539.0 

Cfl 

5... 

65.35 

71.40 


85.76 

86.88 

89.83 

M 

X 

r 

5.22 

5 15 

5 17 

5 20 

5 22 

5. 12 

X 

<j 

>4 

I . 

57.5 

80.9 

89,0 

99 1 

175 2 

180.7 


1 

5. 

14.2 

18.0 

19,7 

21.8 

29 2 

29.8 


r* 

r. . 

1 98 

2.24 

2.25 

2,26 

3 03 

2 96 

i Max. Mom., in-lb. 

1 176 200 

l 285 200 

DCEEH 

1 543 700 

EE2EE3 

1 617 000 

V 



53 100 

54 000 

59 500 

65 900 

57 600 

75 300 

R .. 


m 

36 560 

40 060 

44 120 


50 990 

TV. 


H&EEEl 

50 640 

55 220 

60 480 

54 000 

70 610 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction, 
t Special section. 
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Table VII * (Continued). Carnegie Beams 


Dimensions—Functions 
/ is Moment of Inertia. 

S is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3 l i in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




12 in 

14 in 

Depth ** d in. . 


13 964 

fmrrfni 



14 160 

Weight per foot. 


30.0 

33.0 


38.0 

39 0 

Area, sq in. 

22.35 

8.82 

9.71 

10.58 

11.18 

11.47 

b 

in. . 


12 270 


6.750 

6.774 

6.855 

6 798 

t 

in. . 


.670 

.270 

.270 

.294 

.375 

.318 

m in . 


.608 

.431 

.449 

.489 

.449 

.529 

c 

in 


9 

12K 

12J* 

12K 

12 j 4 

12 J 4 

B 

in 


7H 

3 

3'A 

3A 

3’S 

3A 


X 

i 

560.2 

292.0 

333.4 

365 6 

357 5 



1 

s . . 

93.36 

41.82 

47.63 

51 93 

51 07 


03 

W 

X 

r 

5 01 

5 75 

5 86 

5 88 

5 66 


X 

tx 

I 

187.5 

15 5 

23 0 


24 2 

27 7 


1 

S . 

30 6 

5.2 

6.8 


7 1 

8.2 


>< 

r 

2 90 

1 33 

1 54 


1 47 

1 56 

1 Max. Mom., in-lb 

1 680 600 


857 300 

934 800 

919 300 


V 




Hj 

45 400 

49 700 

63 000 


R 




■ 

23 490 

26 880 

38 340 


IK. 


71 580 

mEESI 

24 300 

26 460 

33 750 

28 620 | 


14 in 

1 Depth = 

d in 

14.240 

14.000 

14 122 

14 242 

14.094 

14 238 

Weight per foot 

42.0 


53.0 

58.0 

61 0 

68 0 

Area, sq m . .. . 

12 35 

14.12 

15.59 

17 05 

17 94 

19 99 

b 



6.822 


Kirn 

8.070 


10.043 

i 

in . . 


.342 

.343 

.378 

.413 

.382 

.42 r > 

1 m in. . 


.569 

.595 

.656 

.716 

.642 

.714 

c 

in . 


12} i 

im 


ny B 

im 

11 H 

g 

in . 


3 H 

4 

4 

4 

5 H 

S'i 


X 

I.... 

431.5 

496.0 

552.5 

609.4 

656.2 

733.8 



.S. 

60.60 

70.86 

78.25 

85.58 

93.12 

103.78 

W 

X 

wmm 

5 91 

5 93 

5 95 

5.98 

6 05 

6 09 

X 

n 


30.2 

50.8 

56.8 

62.8 

107.1 

120.6 


SV 


8 8 

12 7 

14 1 

15.6 

21 4 

24.0 


n 

EH 

1 56 

1.90 

1.91 

1 92 

2 44 

2 46 

I Max. Mom., in-lb. 



1 408 400 

l 540 400 

1 676 100 


\ 



■ 


■ 

70 600 

64 600 

hbxjsi 

h 



■ 

33 820 

38 810 

43 740 

39 360 

45 000 

1 IL 


30 780 

■ESEuS 


55 760 

51 570 

57 370 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction, 
f Special section. 
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Table VII * (Continued). Carnegie Beams 

Dimensions—Functions 
J is Moment of Inertia. 

5 is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for in bearing. 

IV is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV 
Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 
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Table VII* (Continued). Carnegie Beams 

Dimensions—Functions 
/ is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds 
R is Allowable End Reaction for 3^2 in bearing. 

W is Maximum Load on one Standard Connection. 

For Allowable Total Loads, see Table V, Chapter XV 
Note! The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction, 
t Special section. 
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Table VII* (Continued). Carnegie Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 34 in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




18 in 

1 Depth = < 

i in .. ] 

18 110 

18 242 

18.000 

18.120 

18.238 1 

Weight per foot. . 

72.0 

78 0 

86 0 

93.0 


Area, sq m 

21 17 

22 94 

25 29 

27.35 

29 40 

b 

in . 


8 530 

8 565 

12 000 

12 034 

12 069 

t 

in . 


.436 

471 

429 

463 

.498 

m 

in . 


IlD 

866 

745 

805 

864 

c 

m . 


154 

154 

154 

154 

154 

* 

m 


54 

54 

74 

'4 

74 



/ 

1 208 1 

1 318 8 

1 514 1 

1 648.4 

1 783.4 

03 


5 

133 42 

144 59 

168.23 

181 94 

195 57 

w 

X 

r 

7 55 

7 58 

7 74 

7 76 

7 79 

X 

< 


1 



214.7 

234 Q> 

■am 



S . . 



35 8 

38 9 



> 

r. 



2 91 

2 93 

2 94 

| Max. Mom., in-lb. 

2 401 500 

2 602 600 

3 028 200 

3 275 000 

EEK1 

V 



94 800 

103 100 

92 700 


■KK9 

R . . . 


48 930 

54 670 

47 760 

53 310 

59 040 

W 


98 100 

105 980 

96 530 

104 180 

112 050 


21 in 

1 Depth = 

d in 

20 890 


21.126 

21 248 

21 370 

I Weight per foot. 

55 0 

58.0 

64 0 

70 0 

76.0 

1 Area, sq 

in . 

16 17 


18.82 

20 59 

22.34 

b 

in . 



8 000 

8.036 

8 073 

8 109 

t 

in 


.360 

.360 

.396 

.433 

469 

I mm. 


.553 

60S 

.671 

. 732 

793 

c 

in 


184 

184 

184 

184 

184 

* 

in 


4 

4 

4 

4 

4 



/ 

1 166.7 

1 263 2 

1403 3 

1 542 9 

1 684.0 


i 

S . . 

111.70 

120.30 

132.85 

145 23 

157.60 

to 

W 

X 

r 

8 49 

8 61 

8 64 

8 66 

8 68 

B 


/ 

47.29 

52 0 

58.2 

64 3 

70.67 


1 

5 ... 

11.8 

13.0 

14 5 

15 9 

17.4 


>* 

r 

1 71 

1 75 

1 76 

1.77 

1 78 

] Max. Mom., in-lb. 

mmst 


2 391 300 

2 614 100 


i 

' 


90 240 



110 400 

WEsESM 

R . . 


36 210 

36 180 

42 460 

49 010 

55 460 

W 


48 600 


53 460 

58 460 



* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VII* (Continued). Carnegie Beams 


Dimensions—Functions 

I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3% m bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




21 in 

1 Depth — 

d in. 

21.000 

medkqsi 

21.240 

21.358 

21 000 

Weight per foot.. 

80.0 

86 0 

92.0 

98.0 

104 0 

Area, sq in .. 

23.53 

25.28 

27.05 

28.82 

30 57 

b 

in. . 


9.000 

9.032 

9.064 

9.097 

13 000 

t 

in. . 


.438 

.470 

.502 

.535 

.465 

m in. . 


.815 

.875 

935 

.994 

815 

c 

in. . 


17% 

17% 

17% 

17% 

17% 

g 

in. . 


SH 

5% 

5% 

5% 

7% 


a 

/.... 

1794.4 

1 939.3 

2 086.4 

2 234.5 

2 475 3 


5. 

170.90 

183 65 

196 46 

209.24 

235 74 

W 

X 

r 

8.73 

8.76 

8 78 

8 80 

9 00 

X 



99 2 

107 7 

116.3 

125.0 

298 7 


j 

5 .... 

22 0 

23.8 

25 7 

27 5 

45 9 


> 

r 

2.05 

2 06 

2 07 

2 08 

3 13 

| Max. Mom., in-lb. 

3 076 100 

3 305 600 

3 536 300 

3 766 400 

4 243 400 

V 



110 400 

119 100 

128 000 

137 100 

117 200 

R 



49 880 

55 580 

61 320 

67 260 

54 660 

W . 

59 130 

63 450 

67 770 

71 580 

104 630 


21 in 

24 in 

I Depth« 

d in. . . 

21.126 

21.248 

21.372 

21 492 

24 000 

Weight per foot. . 

112 0 

120.0 

128.0 

136.0 

70.0 

Area, sq in. 

32.93 

35.28 

37.65 

40.00 

20.58 

b 

in. . 


13 034 

13.070 

13.105 

13.141 

8 500 

t 

in. . 


.499 

.535 

.570 

.606 

.400 

min . 

.878 

.939 

1.001 

1.061 

. 664 

£ 

in. . 


17% 

17% 

17% 

17% 

21% 

g 

in. . 


7% 

7% 

7% 

7% 

4 



I . 

2 683.7 

2 890 9 

3103.4 

3313.7 

1 953 8 


1 

S. 

254.07 

272.11 

290.42 

308.37 

162.82 

if) 

w 

X 

r . 

9.03 

9 05 

9 08 

9 10 

9 74 

3 


I . 

324.3 

349.7 

375.9 

401.7 

68.0 


» 

S . 

49.8 

53.5 

57.4 

61.1 

16 0 


>« 

r . 

3 14 

3 15 

3 16 

3 17 

1 82 

| Max. Mom., in-lb. 

4 573 200 

4 898 000 

5 227 500 

5 550 600 

2 930 700 

V 



126 500 

136 400 

146 200 

156 300 

115 200 

R 



60 730 

67 190 

73 500 

80 020 

42 750 



112 280 

119 300 

119 300 

119 300 

54 000 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VII* (Continued). Carnegie Beams 


Dimensions—Functions 
I is Moment of Inertia. 

S is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3 H in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




24 in 

Depth = d in . 

24 000 

24 154 

24 308 

SMI 

24.156 

Weight per foot 

76 0 

85 0 

94 0 

: H 

110 0 

Area, sq in. 

22.35 

24.99 

27 64 

29 41 

32.34 

b 

in . 


9.750 

9.797 

9.844 

12.000 

12.044 

t 

in. . 


.405 

452 

499 

.450 

.494 

win . 


.663 

740 

.817 

787 

865 

c 

in . 


21H 

21 H 

21 H 

20H 

mxzmi 

Z 

in 


5H 

5*2 

5i a 

7}« 

7H 


X 

1 


2 184 4 

2 457 2 

2 734 9 

3 020 5 

3 343 5 



182 03 

203 46 

225 02 

251 71 

276 83 

s 

X 


9 89 


9 95 

10 14 

10 17 

X 

mm 

/ .. 

102 6 

116 2 

130 2 

226 9 

252.2 


n 

S. ... 

21 0 

23 7 

26 4 

37.8 

41 9 


El 

■ 

2 14 

2 16 

2 17 

2 78 

2 79 

Max. Mom., in-lb. 

3 276 600 

3 662 300 

4 050 400 

4 530 700 

4 982 900 

V 



116 600 

131 000 

145 600 

129 600 

143 200 

H 



43 680 

52 580 

61 640 

52 200 

60 650 

w.. 


54 680 

61 020 

67 370 

121 500 

133 380 


24 in 

I Depth = 

d in . 

24.310 

24 250 

24 388 

24 526 

24.664 

Weight per foot . 

120 0 

130 0 

140 0 

150 0 

160.0 

Area, sqm . . . . 

35 29 

38 23 

41 16 

44 10 

47.06 

b 

in. 


12.089 

14 000 

14.041 

14.082 

14.123 

t 

in . 


.539 

.547 

588 

629 

.670 

I m in 


.942 

.912 

981 

1 050 

1.119 

C 

in. . 



20 s 4 

20 3 * 

20?£ 

20*4 

Z 

in 


7 V 2 

10 

10 

10 

10 



/ 

3 669 7 

4 045 1 

4 380 4 

4 720 5 

5 065 7 


I 

S .. 

301 91 

333 62 

359 23 

384 94 

410.78 


X 

r 

10 20 

10 29 

10 32 

10.35 

10 38 


mm 

l 

277 8 

417 5 

453 1 

489 3 

■gnaw 


19 

S' .. . 

46 0 

59 6 

64 5 

69 5 

74.5 


O 

r 

2 81 

3 31 

3 32 

3 33 

3 34 

1 Max. Mom., in-lb. 

5 434 300 

6 005 100 

6 466 100 

6 928 900 

7 394 000 

V... 


157 200 

159 200 

172 100 

185 100 

198 300 




69 400 

70 920 

78 940 

87 000 

95 100 

L *••• 


143 160 

143 160 

143 160 

143 160 

143 160 


* Compiled from data in Steel Construction, published by the American Institute of 
•^Hsl Construction. 
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Table VH* (Continued). Carnegie Beams 


Dimensions—Functions 
1 is Moment of Inertia. 

S is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3’5 in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




27 in 

1 Depth = 

d in. . . 

26.820 

27.000 

27 166 

27.340 

27.536 

Weight per foot 

85.0 

91 0 

101.0 

112.0 

124 0 

I Area, sq 

in. 

25 00 

26.76 

29.70 

32 94 

36 47 

b 

in. 


9 750 

9 750 

9 799 

9.855 

9 913 

t 

in 


.461 

.461 

.510 

.566 

624 

I m in 


.665 

.755 

838 

.925 

1 023 

c 

m 


24 H 

24 H 

24 1 8 

24M 

24)' 8 

g 

in 


555 

Sli 

5 l 2 

5)5 

5H 



1 

2 899.3 

3217.0 

3 595.7 

4007.6 

4472.1 

r 

I 

S 

216 20 

238 30 

264.72 

293 17 

324.82 

W 

X 

r 

10 77 

10 97 

11 00 

11 03 

11 07 


n 


103 0 

116 9 

131 7 

148 0 

166.7 

\mm 

M 


21 1 

24 0 

26 9 

30 0 

33 6 

M 

H 


2 03 

2 09 

2 11 

2 12 

2 14 

1 Max. Mom., m-lb. 

3 891 700 

4 289 300 

4 765 000 

5 277 000 

5 846 700 

V 



148 400 

149 400 

166 300 

185 700 

206 200 

R 



54 140 

54 120 

64 140 

75 810 

88 050 

w.. 


82 980 

82 980 

91 800 

95 440 

95 440 


27 in 

I Depth — 

d in. 

27.742 

27.000 

27.200 

27.400 

27.598 

Weight per foot. . 

HEzUi 

145.0 

160 0 

175.0 

190.0 

Area, sq 

in .. . . 

40.29 

42 64 

47 04 

51 47 

55 87 

b 

in. . 


9 977 

14.000 

14 059 

14 118 

14 176 

t 

in. . 


.688 

.580 

.639 

698 

.756 

m in. . 


1.126 

.985 

1.085 

1.185 

1.284 

c 

in. . 


24K 

2 3H 

23^ 

23X 

23^ 

p 

in 


5 Vi 

10 

10 

10 

10 


$ 

/.... 

4 975 9 

5 508.7 

6121.8 

6 746.8 

7 376.9 

co 

S . 

358.73 

408.05 

450.13 

492.47 

534.60 

W 

X 

r. . . 

11.11 

11.37 

11.41 

11 45 

11.49 

X 

>< 


187.1 

451.0 

503.2 

556.6 

610/7 



5.... 

37 5 

64.4 

71.6 

78 9 

86 2 


>* 

r. 

2 16 

3.25 

3 27 

3,29 

3 31 

I Max. Mom., in-lb. 

6 457 100 


8 102 400 

8 864 400 

9 622 700 

V 



229 000 

187 900 

208 600 

229 500 

250 400 

R 



101 660 

78 620 

90 990 

103 470 

115 800 

L 


95 440 


167 020 

167 020 

167 020 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VII * (Continued). Carnegie Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus. 

* is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 34 in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




30 in 

1 Depth = 

d in 

30 000 

30 162 

30 344 

30 538 

30 742 

Weight per foot. . 

115 0 

126 0 

138 0 

151 0 

165 0 

Area, sq in .... 

33 81 

37 05 

40 58 

44 41 

48.52 

b 

in. . 


10 500 

10 551 

10 604 

10 662 

10 725 

t 

in . 


530 

581 

634 

692 

755 

m m 


882 

963 

1 054 

1 151 

1 253 

c 

in. 


26 3 4 


26^ 

26 

26 3 * 

n 

in 


5 j 2 

5*i 

5»j 

5 1 i 

S'i 


X 

l 

/ 

4 985 3 

5 486 7 

6 049 5 

6 663 7 

7 326 7 

(A 

5 

332 35 

363 82 

398 73 

436 42 

476 66 

w 

X 

r 

12 14 

12 17 

12 21 

12 25 

12 29 

X 


I 

mm 

189 0 

210 1 

233 4 

258 7 


I 

S .. 

am-.. 

35 8 

39 6 

43 8 

48 2 


>< 

r. 

H' 

2 26 

2 28 

2 29 

2 31 

Max. Mom., in-lb. 

5 982 400 

6 548 700 

7 177 100 

7 855 600 

8 579 900 

V 



190 800 

210 300 

230 900 

253 600 

278 500 

R 



68 410 

79 670 

91 550 

104 700 

119 090 



107 330 

107 370 

107 370 

107 370 

107 370 


30 in 

33 in 

Depth = 

d in. . 

30 000 

30 263 

30 522 

30 781 

33 000 

Weight per foot 

180 0 

200 0 

220 0 

240 0 

125.0 

Area, sq m . 

52 93 

58 82 

64 70 

70 58 

36.75 

b 

in . 


14 000 

14 073 

14 146 

14.218 

12.000 

l 

in . 


.670 

745 

.816 

.888 

.540 

m in . . 


1 207 

1 338 

1 468 

1.597 

.797 

c 

in 


25 1 i 

25! a 

25 1 2 

25V$ 

29^ 

R 

in . 


10 

10 

10 

10 

74 



I . . 

8 301 4 

9 305 7 


11 356 0 

6 514 3 


1 

S . . 

553 43 

614 99 


737 86 

394.81 

W 

X 

r 

12 52 

12 58 

12 63 

12 69 

13 31 

X 

bn 

i .. 

552 7 

622 7 

693.9 

766 9 

230 1 


\ 

S. . . 

79.0 

88.5 

98 1 

107 9 

38 4 


>< 

r 

3 23 

3 25 

3 28 

3 30 

2 50 

1 Max. Mom., in-lb. 

9 961 700 

11 069 800 



7 106 500 

V 



241 200 

269 800 

298 900 

328 000 

213 800 

R 



99 440 

115 940 

132 570 

149 090 

70 370 

W 



[1HESZ3sE 

190 880 

190 880 

107 370 


* Compiled from data in Steel Construction, published by the American Institute of 
*teel Construction 
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Table VII * (Continued). Carnegie Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3H in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 




33 in 

1 Depth — 

d in 

33 164 

33.342 

33 530 

33 000 

Weight per foot. 

138 0 

152.0 

167.0 

200.0 

Area, so in. 

40 58 

44 69 

49.12 

58 82 

b 

in. . 


12.056 

12 115 

12.179 

16 000 

t 

in 


506 

.655 

.719 

.720 

m in. . 


879 

.968 

1 062 

1 1255 

c 

in. . 


29V 2 

29 1 2 

29V 2 


R 

in 


7*4 

7*4 

7 V4 

10 


X 

1 . 

7 223 0 

7 998 5 

8 836 1 

11 049 6 


I 

S. 

435 59 

479 79 

527 06 

669.67 

CD 

w 

X 

r 

13 34 

13 38 

13.41 

13 71 

X 

bn 

I. .. 

257 5 

287 8 

321 0 

769 5 

< 

J 

5. 

42 7 

47.5 

52.7 

96 2 


>* 

r . . 

2 52 

2 54 

2.56 

3 62 

Max. Mom., in-lb. 

7 840 700 

8 636 100 

9 487 000 

12 054 100 

V 



gj^EXyBTtTjV 


289 300 

285 100 

R 



83 420 

97 450 

112 860 

112 770 



107 370 

1 107 370 

107 370 | 

190 880 


33 in 

36 in 

Depth — d in . 

33 272 

33.546 

1 33.786 1 

36 000 

Weight per foot. 

220 0 

240 6 

• . 

147.0 

Area, sq in. 

64.70 

70 58 

76.47 

43 23 

b 

in. . 


16.046 

16 090 

16.150 

12.000 

t 

in. . 


766 

.810 

.870 

.590 

1 m in. . 


1 2615 

1 3985 

1.5185 

.9345 

c 

in. . 


28 M 

28 >A 

28«i 

32 H 

8 

in . 


10 

10 

10 

m 


X 

l 

I 

12 385 5 

13 750 6 

15 037 7 

9 040 4 


S. 

744.50 

819 81 

890.17 

502 24 

CO 

X 

r 

13 84 

13 96 

14 02 

14 46 

X 


I. 


972 5 

1 068 0 

269 9 

< 

H 

S. . 


120 9 

132 3 

45 0 


El 

r 


3 71 

3 74 

2 50 

I Max. Mom., in-lb. 

13 401 000 

14 756 500 

16 023 100 

9 040 400 

V 



305 800 

326 100 

352 700 

254 900 

R 



123 930 

134 790 

149 460 

81 940 

| w.. 


190 880 

190 880 

190 880 

107 370 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VII * (Continued). Carnegie Beams 

D JMENSIONS— PUNC TIO NS 
/ is Moment of Inertia. 

5 is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 34 in bearing. 

W is Maximum Load on one Standard Connection. 


For Allowable Total Loads, see Table V, Chapter XV. 

Note: The attention of the reader is especially called 
to Remarks on Stock Sizes, Chapter XV. 



36 in 

1 Depth = 

d in 

36 183 

36 395 

36 645 

36.000 

Weight per foot 

160 0 

17S.0 

192 0 

230.0 

Area, sq in . 

47 06 

51 47 

56 47 

67.65 

b 

in 


12 045 

12 096 

12 150 

16.000 

t 

in. . 


635 

. 686 

.740 

769 

min . 


1 026 

1 132 

1 257 

1.290 

c 

in. . 


32 1 .* 

324 

324 

314 

* 

in 


7 «:> 

74 

74 

10 


X 

i 

. 

9 933 2 

10978 8 

12 208 5 

15 012 9 


S.. 

549 05 

603 31 

666 31 

834 05 

to 

W 

X 

r. 

14 53 

14 61 

14 70 

14 90 

X 


1. 

299 8 

3*5 6 

377 2 

882.2 

< 

2 

S... . 

49 8 

55 4 

62 1 

110 3 


* 

r. . . 

2 52 

2 55 

2 58 

3 61 

| Max. Mom., in-lb. 

9 883 000 

10 859 600 

11 993 600 

15 012 900 

V 



275 700 

299 600 

325 400 

332 200 

R 



93 050 

105 870 

119 740 

126 690 

w 


107 370 

107 370 

107 370 

190 880 


36 in 

1 Depth = 

d in 

36 243 

36 550 

30 851 


Weight per foot. . 

250.0 

275.0 

300 0 


Area, sq 

in . ... 

73 53 

80.87 

88 2* 


b 

in . 


16 055 

16.121 

16 189 

. 

1 



.824 

.890 

958 


\ m in. ... 

1 4115 

1 565 

1 7155 


c 

in. 


314 

314 

314 


a 

in 


10 

10 

10 



X 

1 

I . 

16 499 3 

18 400.2 

20317.7 



5. 

910 48 

1 006 85 

1 102 69 


to 

X 

r. 

14 98 

15 08 

15 18 


X 


/. . . 

975.4 

1 095 1 

1 215 9 


<J 

1 

S . 

121 5 

135 9 

150 2 



>* 

r. . . 

3 64 

3 68 

3 71 


[ Max. Mom., in-lb.. 

EESESai 

18 123 300 

19 848 500 


V 



358 400 

390 400 

423 600 


R 



140 860 

158 030 

175 860 


L E 


190 880 

100 880 

190 880 



* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction 
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Table VIII. * Miscellaneous Beams 

Carnegie Mill Sections. Carnegie H Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3M in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 




Depth = 

d in 


HKVQTiSH 

9 00 

9 00 


Weight per foot 

17 5 

21 0 

20 5 

25 0 


Area, sq 

in . . . . 

5 14 

6 17 

6 02 

7 34 

c a 

b 

in . 


4.981 

5 110 

5 234 

5.380 

0 

t 

in. 


231 

360 

234 

380 

■B 

c 

in.. 


6 H 

6 5 8 

74 

74 

4> 

£ 

in . 


2 'i 

2 U 

24 

24 

CO 

u 

in 


H 

H 

13 4 


B 


X 

/ 

57 4 

63 4 

86 6 

95 5 

s 

2 

CO 

W 

A 

S 

r . 

14.35 

3 36 

15 85 

3 21 

19 24 

3 79 

21 22 

3 61 

S> 

a 

< 

'r 

/ 

S 

6 0 

2 4 

6 6 

2 6 

8 0 

3 1 

8 8 

3 3 

§ 



r 

1.08 

1 03 

1 15 

1 09 

o 

Max. Mom., in-lb 

258 300 

■EESES 

346 400 

382 000 


* 




34 560 

25 270 

41 040 


R 



29 700 

19 430 

32 770 


W 


20 800 

23 860 

21 060 

23 860 


Depth = 

d in 

4 in 

5 in 

6 in 

6 in 

■ 

Weight per foot 

13 8 

18 9 

20 0 

22 5 


Area, sq 

in . . 

3 99 

5 47 

5 86 

6 61 


b 

in . 


4 000 

5 000 

5 938 

6.063 

H 

t 

in 


313 

313 

250 

.375 

IS 

c 

in 


2 522 

3 413 

4 458 

4 458 

u 

£ 

in . 


2'4 

2 H 

34 

34 

m 

u 

in 


H 

7 An 

M 

4 

B 




10.7 

23 8 

38 8 

41.0 

d> 



5 35 

9 52 

12 93 

13.67 

*5b 




1 64 

2 08 

2 57 

2 49 

o> 

p 


m 

wgmmmmA 

3 6 

7 8 

11 4 

12 2 

§ 


Sol 


1 8 

3 1 

3 8 

4.0 

O 


wm 


0 95 

1 20 

1 39 

1 36 


Max. Mom., m-lb.. 

96 300 

173 160 

232 740 

246 060 


\ 



15 020 

18 780 

18 000 

27 000 


R 



21 no 

22 300 

18 750 

28 130 


W 


11 930 


11250 

11 930 


* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table VIII 41 (Continued). Miscellaneous Beams 


Carnegie H Beams. Special Phoenix I Beams 

Dimensions—Functions 
I is Moment of Inertia. 

S is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 3‘ % m bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV 
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Table IX.* Steel Joists 

Bethlehem Steel Joists. J & L Junior Beams 


Dimensions—Functions 
I is Moment of Inertia. 

5 is Section-Modulus. 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for 2 x /& in bearing. 

W is Maximum Load on one Standard Connection. 
For Allowable Total Loads, see Table V, Chapter XV. 




Depth = 

d in 

6 in 

8 in 

10 in 

12 in 


Weight per foot 

11 0 

14.5 

16 5 

18 5 

19 

Area, sq in . ... 

3 25 

4.28 

4.86 

5 44 

.52 

b in.. 


3 33 

3 875 

4 000 

4 125 

£ 


in 


230 

240 

240 

240 



X 

I 

19 3 

44 9 

77.4 

121 5 

o> 

d> 


i 

S.. 

6 43 

11 23 

15 48 

20 25 

5S 

W 

X 

r . 

2 44 

3 24 

3 99 

4 73 

d 

X 

bn 

I. 

1 64 

2 73 

3 02 

3 33 

i 


1 

S .. 

08 

1 41 

1 51 

l 61 

•s 


>< 

r. . 

71 

80 

79 

78 

2 

Max. Mom., m-lb.. 

115 800 

202 050 

278 640 


a> 

V 



16 560 

23 040 

28 800 

34 560 

m 

R 



13 800 


16 750 

16 770 


w . 

10 360 


10 800 

10 800 



6 in 

7 in 

8 in 

9 in 


Depth = 

d in 

6.028 

7 028 

8.028 

9 018 


Weight per foot. 

4 41 

5 48 

6 54 

7 48 

09 

Area, sq m . 

1 30 

1 61 

1 92 

2 20 

g 

b in . 


1 84 

2 08 

2 28 

2 38 

S 

at 

t 

in 


114 

126 

135 

145 

ES 


X 

/ 

7.30 

12 13 

18 67 

26 20 

& 


l 

5 .. 

2 42 

3.45 

4 65 

5 81 


W 

X 

r 

2 372 

2 744 

3 116 

3 450 

P 

S3 

bn 

/ .... 

.1654 

2482 

3434 

3939 



J 

5... 

1794 

2389 

.3011 

.3317 



>< 

r . 

3569 

3925 

4226 

4230 


Max. Mom., in-lb. 

43 610 

62 137 

83 726 

104 591 


\ 



8 210 

10 580 

12 960 

15 660 


R 



5 620 

6 370 

6 900 

7 550 


W 


5 130 

5 670 

6 075 

6 525 


• Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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Table IX * (Continued). Steel Joists 


J A L Junior Beams 

Dimensions—Functions 
I is Moment of Inertia. 

S is Section-Modulus, 
r is Radius of Gyration. 

V is Maximum Web Shear in Pounds. 

R is Allowable End Reaction for in bearing. 

XV is Maximum Load on one Standard Connection. 
For Allowable Total Loads, aee Table V, Chapter XV. 





10 in 

11 in 

12 in 


Depth = 

= d in 

10 026 

11 024 

12 028 


Weight per foot. 

8 96 

10.23 

11 74 


Area, sq in . 

2 64 

3 01 

3.45 

B 


!> in 


2 69 


3 06 



in 


155 


175 

n 


X 

1 

■ 


72.21 



l 

S ... 

7 78 


12 01 

| 

W 

X 

r 

3 847 


4 573 

£ 

3 


/. 

.6078 

7459 

.9776 



I 

5. . 

4523 

5246 

.6385 

H-I 


I* 

r. . . 

.4802 

4979 

. 5320 


Max. Mom., in-lb 

140 054 

173 332 

216 131 



F. . . 


18 330 

20 930 




K 


8 240 

8 960 




IV 


6 97 5 

7 425 



* Compiled from data in Steel Construction, published by the American Institute of 
Steel Construction. 
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CHAPTER XI 

RESISTANCE TO TENSION. PROPERTIES OF IRON 
AND STEEL 

By 

HERMAN CLAUDE BERRY 

PROFESSOR OF MATERIALS OF CONSTRUCTION, UNIVERSITY OF PENNSYLVANIA 


1. Definitions, Working Stresses and Examples 

The Ultimate Tensile Strength of a material is the amount of internal 
stress which a section one square inch in area is capable of exerting against an 
external axial force. It is the unit stress or intensity of stress, expressed 
in pounds per square inch, which the material can withstand. It is often 
called the ultimate strength or ultimate stress of the material. Its 
value for any material depends on the tenacity of the fibers or the cohesion 
of the particles of which the material is composed. 

An Axial Force is one which acts uniformly over the section of a prismatic 
body so that the resultant of the distributed forces coincides with the axis of 
the body. Hence the total axial force which any cross-section of a body will 
resist is the product of the ultimate strength of the material and the area of 
the cross-section, in square inches. 

Safe Working Stress. The ultimate strength of different building materials 
has been found by pulling apart bars of known dimensions and dividing the 
maximum load each sustained by the area of the bar before testing. This ulti¬ 
mate strength, however, must not be used to proportion the size of members 
of structures, because of variations in material, hidden defects and imperfect 
workmanship; and, especially, because of indefiniteness as to the maximum 
load that may be imposed on the structure. To provide safety against the 
rupture of a member and the consequent failure of the structure from any 
of these causes, the proportions of the members must be based on safe 
working stresses which are usually some fractional part of the ultimate 
strength found by experiment to provide proper security against failure. 

The Factor of Safety is the ratio of the ultimate strength to this safe work¬ 
ing stress for that material. Its value ranges generally from 2 to 10, depend¬ 
ing upon the nature of the material and the service to which it is applied. 

Safe Working Stress in Tension. The safe working stress on structural 
steel is usually taken at 16 000 lb per sq in. Philadelphia Code permits 
18 000 on reinforcing steel. There is a tendency toward increasing these 
stresses; 20 000 is recommended by the American Institute of Steel Construc¬ 
tion, Inc. On wrought iron, which is only occasionally used, the stress is 
14 000. It is not considered good practice to use cast iron and timber in 
tension. In case these materials should be used in tension, safe values are 
suggested in Chapter XX. The total safe load that may be applied to a 
piece of material of uniform section is found by multiplying the cross-section 
of the piece, in square inches, by the safe working stress opposite the name 
of the material of which the piece is composed. 
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Then if P - the safe load in lb, 

St » the allowable safe working stress in tension, 
b — the width of a rectangular bar, 
h =» the depth of a rectangular bar, 
d =» the diameter of a round bar, 


there results, for a rectangular bar, 


and for a round bar, 


P = bhS t 
P - 0.7854 d 2 St 


( 1 ) 

( 2 ) 


The area of cross-section to support a load P is, for a rectangular bar, 


and for a round bar 


A 


P 

St 


d - 


I P 
0.7851 St 


(3) 

(4) 


Example 1 . What size of medium-steel angle should be used to sustain a 
tensile force of 64 000 lb? 

Answer. By Formula (3), 

. • , 64 000 , _ . 

the net sectional area «= =* 4 00 sq in 

16 000 

From the Table of the Properties of Angles (Chapter X) we find that a 4 by 
4 by 5 y-in angle has an area of 4 61 sq in, which is to be reduced by a J^-in 
hole for a %- in rivet, leaving 4 61 — (J£ X " 4 06 sq in, net area. This 
is slightly in excess of the required amount 

The s*fe load for angles commonly used in roof-trusses is given in Table 
X; and the reduction in sectional area caused by rivet-holes in Table 
XI, this chapter. 

2. Wrought Iron 

Manufacture. Wrought iron is a mixture of pure iron and slag, about 
96% iron and 3% slag, together with from ]/% to ^ 4 % of other elements 
including carbon, phosphorus, sulphur and manganese. It is made from pig 
iron and iron oxide, or mill-scale, in a reverberatory furnace consisting of a 
firebox, a hearth or working-chamber, and the necessary dampers and flues. 
The impurities are removed from the iron at diflerent stages in the process, 
silicon and manganese during the melting-down stage, part of the phosphorus 
and sulphur during the clearing-stage and the carbon and remainder of the 
phosphorus and sulphur during the boiling-stage. The iron is then in a 
pasty condition ready for a thorough stirring by the workman, who collects 
it into balls of about 80 lb weight and takes it to a squeezer or forge where the 
greater part of the slag is removed. It is then rolled out into muck-bars. 
These bars are cut into pieces which are piled into bundles suited to the size 
of the finished bar. The piles are heated and rolled again. The rolling re¬ 
duces the amount of slag and makes the material denser. The process of 
rerolling may be repeated a number of times to produce double or triple-refined 
merchant-bar iron. 

The Appearance of Wrought Iron is very much like that of steel. It may 
be distinguished from steel by nicking one side of the bar and bending it away 
from the nick. Iron will split along the slag-laminations and show the 
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coarsely fibrous nature of the material; while steel will bend or rupture 
at the nick without splitting, any fracture being finely fibrous or crystal¬ 
line. When ruptured in a tension-test wrought iron shows a dark fibrous 
fracture. If the specimen is grooved before testing or broken in impact the 
fracture will be coarsely crystalline. 

Welds. Wrought iron is more easily welded than steel because the work 
may be accomplished through a wider range of temperature than with steel. 
A weld may develop the full strength of the bar, but tests on hand-forged 
welds on rough tie-bars reported by Xirkaldy gave average values of about 
60% of the strength of the bar. 

Use. Wrought iron is no longer used for the manufacture of structural 
shapes, such as angles, channels and beams, its use for structural work being 
practically limited to bars, rods and bolts. It can be worked more easily than 
steel in threading-machines; and on this account, unless steel is specified, some 
companies will furnish truss-rods, bolts, etc, in wrought iron. 

Specifications * for Wrought Iron. Wrought iron may be purchased under 
the Specifications of the American Society for Testing Materials. 

Material Covered. 1. These specifications cover two classes of wrought-iron 
plates, as determined by the kind of material used in their manufacture, 
namely: 

Class A, as defined in Section 2 (6); 

Class B, as defined in Section 2 ( c ). 

I. Manufacture 

Process. 2. (a) All plates shall be rolled from piles entirely free from any 
admixture of steel. 

(6) Piles for Class A plates shall be made from puddle-bars made wholly 
from pig iron and such scrap as emanates from rolling the plates. 

(c) Piles for Class B plates shall be made from puddle-bars made wholly 
from pig iron or from a mixture of pig iron and cast-iron scrap, together with 
wrought-iron scrap. 


II. Physical Properties and Tests 

Tension-Tests. 3. (a) The plates shall conform to the following minimum 
requirements as to tensile properties: 


Table I 


Properties considered 

Class A 

Class B 

6 in to 

24 in 
incl, 
in width 

Over 24 in 
to 90 in 
incl, 
in width 

6 in to 

24 in 
incl, 
in width 

Over 24 in 
to 90 in 
incl,. 
in width 

Tensile strength, lb per sq in 
Yield-point, lb per sq in.... 
Elongation in 8 in, per cent 

49 000 

26 000 

16 

48 000 

26 000 

12 

48 000 

26 000 

14 

47 000 

26 000 

10 


•These Specifications for Wrought-iron Plates are issued by the Society under the 
fixed designation A 42. They were adopted in 1913 and revised in 1918. There are also 
A.S.T.M. Standard Specifications for Staybolt Iron, Refined Wrought-iron Bars, Iron 
and Steel Chain, etc. 
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(b) The yield-point shall be determined by the drop of the beam of the 
testing-machine. The speed of the cross-head of the machine shall not exceed 
in per minute. 

Modifications in Elongation. 4. For plates under ln in thickness, a 
deduction of 1 from the percentages of elongation specified in Section 3 shall 
be made for each decrease of in in thickness below in. 

Bend Tests. 5. (a) Cold-Bend Tests. The test-specimen shall bend 
cold through 90° without fracture on the outside of the bent portion, as follows: 
For Class A plates, around a pin the diameter of which is equal to times 
the thickness of the specimen; and for Class B plates, around a pin the diam- 
' eter of which is equal to three times the thickness of the specimen. 

(b) Nick-Bend Tests. The test-specimen, when nicked on one side and 
broken, shall show for Class A plates a wholly fibrous fracture, and for 
Class B plates, not more than 10% of the fractured surface to be crystalline. 

Test-Specimens. 6. Tension and bend-test specimens shall be taken from 
the finished plates and shall be of the full thickness of plates as rolled. The 
longitudinal axis of the specimen shall be parallel to the direction in which the 
plates are rolled. 

Number of Tests. 7. (a) One tension, one cold-bend and one nick-bend 
test shall be made for each variation in thickness of in and not less than one 
test for every ten plates as rolled. 

( b ) If any test-specimen fails to conform to the requirements specified by 
reason of an apparent local defect, a retest shall be made. If the retest also 
fails, the plates represented by such test will be rejected. 

III. Finish 

Finish. 8. The plates shall be straight, smooth, and free from cinder-spots 
and holes, injurious flaws, buckles, blisters, seams, and laminations. 

IV. Marking 

Marking. 9. The plates shall be stamped or otherwise marked as desig¬ 
nated by the purchaser. 


V. Inspection and Rejection 

Inspection. 10. (a) The inspector representing the purchaser shall have 
free entry, at all times while work on the contract of the purchaser is being per¬ 
formed, to all parts of the manufacturer’s works which concern the manufac¬ 
ture of the plates ordered. (See complete Specifications for Sections 10, 11 
and 12.) 

3. Cast Iron 

Cast Iron has been defined as a saturated solution of carbon in iron, the 
carbon-content varying from l3^ to 4% according to the other impurities con¬ 
tained. It is hard, brittle, non-malleable and very fluid when melted, so that 
it is well adapted for casting into complex forms. 

Manufacture. It is produced in the blast-furnace, which is essentially a 
dosed refractory-lined stack, with a valve-charging device at the top, tuyeres 
or openings in the lower part for the introduction of the air-blast, and a hearth 
at the bottom with a tap-hole for the periodic withdrawal of the iron and slag. 
The furnace-iron is cast into pigs about 3 ft long and weighing about 100 lb 
each. Foundry-castings are made from pig iron and scrap melted in a 
cupola and poured into green-sand molds. The charge is made up of different 
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quantities of the different grades of pig so as to control the physical properties 
of the castings, principally through control of the silicon-content. 

Appearance. Castings have a gray or white fracture according to the 
condition of the contained carbon, the gray fracture indicating graphitic or 
separated carbon and the white the combined carbon. Gray iron is softer 
and tougher and is specified for ordinary castings. 

Strength. Cast iron does not have a definite elastic limit. A relatively 
small stress will produce some permanent deformation. Its ultimate ten¬ 
sile strength varies from 15 000 to 20 000 lb per sq in; and in some iron is 
as high as 30 000 lb per sq in. Its compressive strength varies over a wide 
range, 80 000 lb per sq in being a fair average value. 

Defects. Castings are liable to several common defects, the chief of which 
are blow-holes due to the formation of steam from the damp molds, sand- 
holes due to misplaced sand, rough surfaces, cold shuts due to chilling of the 
iron and failure to fill the parts of the mold, shrinkage-cracks due to uneven 
cooling of the castings in parts of different thickness. In cored castings, also, 
the walls are frequently of variable thickness because of the shifting of the 
cores. This is especially frequent in case of hollow columns cast in a hori¬ 
zontal position. Because of these defects and on account of the low uliimate 
strength, cast iron should never be used where it is subjected to any great 
tensile stress. 

Specifications * for Cast Iron. The specifications of the American Society 
for Testing Materials, for gray-iron castings, include the following require¬ 
ments: 

1. Unless furnace-iron is specified, all gray castings are understood to be 
made by the cupola-process. 

2. The sulphur-contents are to be: 

For light castings, not over 0.10 per cent. 

For medium castings, not over 0 10 per cent. 

For heavy castings, not over 0 12 per cent. 

3. In dividing castings into light, medium and heavy classes, the following 
standards have been adopted: 

Castings having any section less than 3^ in thick shall be known as light 
castings. 

Castings in which no section is less than 2 in thick shall be known as heavy 
castings. 

Medium castings aie those not included in the above classification. 

4. Transverse Test. The minimum breaking strength of the arbi¬ 
tration-bar under transverse load on 18 in span shall be: 

For light castings, not under 1 500 lb. 

For medium castings, not under 1 750 lb. 

For heavy castings, not under 2 000 lb. 

In no case shall the deflection be under 0.20 in. 

Tension-Test. Where specified this shall be: 

For light castings, not less than 18 000 lb per sq in. 

For medium castings, not less than 21 000 lb per sq in. 

For heavy castings, not less than 24 000 lb per sq in. 

•These specifications are issued under the fixed designation A 48. They were 
adopted in 1905 and revised in 1929. The complete specification can be obtained from the 
Society. 
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The specifications give explicit directions for casting the arbitration-bar 
which is 1.20 in in diameter and 21 in long. Two of these are cast for each 
twenty tons of castings. One of each pair must fulfill the requirements to 
permit acceptance of the castings. The bar is loaded at the middle at a rate 
that will cause a 0.10-in deflection in from twenty to forty seconds. The 
tension-test is not recommended. 

5. Castings shall be true to pattern, free from cracks, flaws and excessive 
shrinkage. In other respects they shall conform to whatever points shall be 
specially agreed upon. 


4. Steel 

Steel is a mixture of compounds of iron and carbon with small quantities of 
other elements, including manganese, phosphorus, sulphur, silicon, etc. The 
carbon-content controls the hardness and strength of the steel. Less than 
0 10% of carbon is present in the soft steels, which have most of the charac¬ 
teristics of wrought iron; while steel with more than 0.40% carbon is capable 
of being tempered, cannot be welded and is very much stronger. Manganese 
acts as a cleanser during the process of manufacture, and increases the forge¬ 
ability of the steel. Phosphorus and sulphur are harmful in their effetts, 
phosphorus making steel brittle under sudden loading and sulphur making 
it hot-short or brittle when heated. 

Stainless Steel is a recent development of ferrous alloys. An iron- 
chromium alloy from 15 to 20% chrome is of almost silver-white appearance 
and is rust-resistant. By control of proportions of carbon, manganese, 
silicon, as well as limiting the sulphur and phosphorus, the mechanical 
properties of the alloy may be altered over wide ranges of hardness and 
workability. Some stainless steels are used in the manufacture of table 
cutlery, surgical instruments, food utensils, hospital equipment, etc., while 
others are suitable for deep drawn work like radiator covers and lamps for 
automobiles. The tower of the Chrysler Building in New York is sheathed 
in a stainless steel. Stainless steel may be worked by all the processes applied 
to common sheet steel. 

Manufacture. Steel is manufactured by the Bessemer and the open- 
iieartii processes. 

Bessemer Process. Molten cast iron is charged into a Bessemer con¬ 
verter, an air-blast is driven through the charge from perforations in the 
false bottom of the converter and the silicon, sulphur and carbon burned out. 
Carbon in the form of ferro-manganese is then added to deoxidize the charge 
and give the proper content of carbon in the finished steel, which is quickly 
drawn off and poured into ingots. Phosphorus is not removed ordinarily by 
the Bessemer process; but if the lining of the converter is made of basic mate¬ 
rial, such as dolomite limestone, and if lime is added with the charge, the 
phosphorus will unite with it and be poured off with the slag. 

The Open-Hearth Process. In this process scrap-steel, pig-iron or molten 
furnace-iron and limestone flux are charged on the hearth of a Siemens fur¬ 
nace. A reducing gas-flame is directed onto the charge and the carbon and 
other impurities are gradually removed. When the reduction is about com¬ 
pleted samples are taken and are analyzed for carbon content so that the 
charge may be withdrawn at the proper time. The process thus permits of 
much more accurate control of the product. It requires from four to ten 
hours to produce a heat as compared with fifteen to twenty minutes by the 
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Bessemer process. Consequently, open-hearth steel is more uniform and 
dependable in service than Bessemer steel, and is used in structural work. 

Phosphorus is removed when it occurs in the ore in excessive amounts by 
the basic process, which eliminates it in a basic slag. This slag requires a 
basic lining to the furnace to avoid undue wear. Brick for basic furnaces 
do not have the physical strength to resist the action of the bath, like the 
silica brick in the acid process. Since in America low-phosphorous ores may 
be obtained, most furnaces are acid. 

The Effect of Carbon and Phosphorus on the static strength of steel for 
the limits of carbon included in structural steel is an increase in strength 
of about 1 000 lb per sq in for each 0.01% increase in either element. 

The Percentage of Elongation decreases as the carbon-content and 
ultimate strength increase. An approximate relation is 

, , . . „ . 1 500 000 

percentage of elongation m 8 in « ---r 

tensile strength 

Since the total elongation of a ruptured specimen is due to the local stretch¬ 
ing at the point of rupture and the uniform elongation over the whole gauge- 
length, it is necessary to report the gauge-length when reporting this result. 
Since the local elongation is the same for a 2- or an 8-in length the per¬ 
centage of elongation for the same material, tested on a 2-in gauge-length, 
is greater than if measured on an 8-in length. 

The Elastic Behavior of a specimen of steel loaded to rupture is best shown 
by a stress-strain diagram on which the stresses are plotted as vertical ordi¬ 
nates and the elongations or strains as abscissas, as in Fig. 1. Five significant 
results are shown: 

(1) The Modulus of Elasticity (£). The relation between the stress and the 
strain or elongation is called the modulus of elasticity. It is equal to the 
unit stress divided by the unit strain or deformation and is represented graph¬ 
ically by the tangent of the angle of the initial line with the horizontal. Its 
value for steel for tension is about 30 000 000 lb per sq in. 

(2) The Elastic Limit (E.Z,.) is that unit stress beyond which the ratio of 
stress to strain ceases to be constant, or beyond which the curve ceases to be a 
straight line. 

(3) The Yield-Point (F.P.), slightly above or beyond the elastic limit, 
is that unit stress at which the specimen begins to stretch without increase in 
the load. This stress may be determined from a test without the use of deli¬ 
cate measuring-apparatus by the drop of the beam of lever-type testing' 
machines or halt in the gauge of hydraulic-type testing-machines. 

(4) The Ultimate Strength ( U.S.) is the greatest unit stress the specimen 
can sustain. (Total load divided by the original area.) 

(5) The Rupture-Stress ( R ) is the unit stress at the time of failure. This is 
the unit stress at the point of failure after the area of the cross-section of the 
specimen has been reduced; and because of the rapid dropping off of the load 
it is difficult to determine. It is not regularly observed in testing, attention 
being called to it merely to emphasize the fact that the ultimate strength of 
steel is not the stress at the time of failure of the specimen. This is true, also, 
for wrought iron and ductile materials in general. 

Effect of Punching and Shearing. Structural steel is hardened by the 
action of the punch and shear in the process of manufacture in the shop. On 
the die-side the metal is forced to flow from the tool and this cold working 
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hardens and injures it as may be shown by a cold-bcnd test. The effect may 
be removed by annealing; but in the best structural shop work it is usually 
specified that rivet-holes shall be reamed during the assembling of the parts. 
This removes the injured metal and brings the parts into better alinement for 



& b Unit Elongation 

The horizontal scale for the distance a b is ten 
times greater than for the remaining distance. 

Fig. 1. Stress-strain Diagram of Test on Steel Specimens 

the insertion of the rivets. The injury from shearing may be removed by 
milling the sheared edges. 

The Coefficient of Expansion of steel is 0.000 006 5 per degree Fahrenheit. 
The elongation in a length l, due to a change in temperature of / degrees, is 
then 

e - 0.000 006 5 It 

in which l and e are expressed in inches and t in degrees Fahrenheit. 

The Weight of Steel is taken at 489 6 lb per cu ft. The sectional area of 
a member in square inches multiplied by 3.4 equals the weight in pounds per 
linear foot. 

The Working Stress for structural steel in tension in buildings and bridges 
is 16 000 lb per sq in in most specifications and building laws (Philadelphia 
Code: 18 000 lb.) For members subject to constant load some designers use 
a working stress of 20 000 lb per sq in. 

5. Standard Specifications for Structural Steel for 
Buildings 

Specifications. These specifications are issued by the American Society for 
Testing Materials under the fixed designation A 9. They were adopted in 
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1901 and revised in 1909, 1913, 1914, 1916, 1921, 1924 and 1929. Extracts 
from these specifications follow: 

I. Manufacture 

Process. 1 . (a) Structural steel, except as noted in Paragraph (6), shall 
be made by either or both of the following processes: Bessemer or open-hearth. 

(b) Rivet steel, and steel for plates or angles over % in in thickness which 
are to be punched, shall be made by the open-hearth process. 


II. Chemical Properties and Tests 
Chemical Composition. 2. The steel shall conform to the following require¬ 
ments as to chemical composition: 


Properties considered 

Structural steel 

Rivet steel 

Phosphorus, per cent { ' '' 

Sulphur, per cent. 

Not over 0 10 
Not over 0 06 

Not over 0 06 
Not over 0.045 

Not under 0 20 

Copper, when copper steel is specified, 
per cent. 

Not under 0 20 


Ladle Analyses. 3. (a) A carbon determination, and a copper determina- 
nation when copper steel is specified, shall be made of each melt of Bessemer 
steel, and determinations for manganese, phosphorus and sulphur representing 
the average of the melts applied for each 12-hour period of operation of the 
plant. 

(b) An analysis of each melt of open-hearth steel shall be made to deter¬ 
mine carbon, manganese, phosphorus and sulphur; also copper when copper 
steel is specified. 

(c) These analyses shall be made by the manufacturer from test ingots 
taken during the pouring of each melt. The chemical composition thus 
determined shall be reported to the purchaser or his representative and the 
percentages of phosphorus and sulphur, and also copper when copper steel 
is specified, shall conform to the requirements specified in Section 2. 

Check Analyses. 4. Analyses may be made by the purchaser from fin¬ 
ished material representing each melt. The phosphorus and sulphur content 
thus determined shall not exceed that specified in Section 2 by more than 
25%. 

HI. Physical Properties and Tests 

Tension Tests. 5. (a) The material shall conform to the following require¬ 
ments as to tensile properties: 


Properties considered 

Structural steel 

Rivet steel 

Tensile strength, lb per sq in . 

55 000-65 000 

46 000-56 000 

Yield point, min , lb per sq m. . . 

0 5 tens, str 

0 5 tens. str. 

But in no case less than . . 

30 000 

25 000 

Elongation in 8 in, mm., per cent... . 

1 400 000* 

1 400 000 

Elongation in 2 in. min., per cent. 




See Section 6. 
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(b) The yield-point shall be determined by the drop of the beam of the 
testing-machine. 

Modifications in Elongation. 6 . (a) For structural steel over % in in 
thickness, a deduction from the percentage of elongation in 8 in specified in 
Section 5 (a) of 0.25% shall be made for each increase of 2 in of the specified 
thickness above % in, to a minimum of 18%. 

( 6 ) For structural steel under e in in thickness, a deduction from the 
percentage of elongation in 8 in specified in Section 5 (a) of 1.25% shall be 
made for each decrease of ^2 in of the specified thickness below Ji 6 in. 

Bend Tests. 7. (a) Bend test specimens, except as specified in Paragraph ( b ), 
shall stand being bent cold through 180° without cracking on the outside of 
the bent portion, as follows: For material % in or under in thickness, flat on 
itself; for material over ^4 in to and including 1 % in in thickness, around a 
pin the diameter of which is equal to the thickness of the specimen: and for 
material over in in thickness, around a pin the diameter of which is equal 
to twice the thickness of the specimen. 

( b ) Bend test specimens for rivet steel shall stand being bent cold through 
180° flat on themselves without cracking on the outside of the bent portion. 

Test Specimens. 8 . (a) Test specimens shall be prepared for testing from 
the material in its rolled or forged condition, except as specified in Paragraphs 
(b) and (c). 

(b) Test specimens for annealed material shall be prepared from the mate¬ 
rial as annealed for use, or from a short length of a full section similarly treated. 

(c) Test specimens for rivet bars which have been cold-drawn shall be nor¬ 
malized before testing. 

(d) Test specimens shall be taken longitudinally and, except as specified 
in Paragraphs (/), (g), and (A), shall be of the full thickness or section of 
material as rolled. 

( e ) Test specimens for plates, shapes and flats may be machined to the 
form and dimensions shown in Fig 2, or with both edges parallel. 



Fig. 2. Form of Specimen for Fig. 2a. Form of Specimen for Pins, 
Steel-test Rollers, Bars, etc , Over } £ Inch Thick 

(/) Tension test specimens for material over lV£ in in thickness or diam¬ 
eter, except pins and rollers, may be machined to a thickness or diameter 
of at least % in for a length of at least 9 in, or they may conform to the 
dimensions shown in Fig. 2a. 

(g) Bend test specimens for material over 1in in thickness or diameter, 
except pins and rollers, may be machined to a thickness or diameter of at 
least % in or to 1 by in in section. 

( h ) Tension test specimens for pins and rollers shall conform to the dimen¬ 
sions shown in Fig. 2 -a, and bend test specimens shall be 1 by l % in in section. 

(*) Test specimens for pins and rollers shall be taken so that the axis is 1 in 
from the surface. 
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(J) The machined sides of rectangular bend test specimens may have the 
corners rounded to a radius not over J'f e in. 

Number of Tests. 9. (a) One tension and one bend-test shall be made 
from each melt; except that if material from one melt differs ?8 in or more 
in thickness, one tension and one bend-test shall be made for both the thickest 
and the thinnest material rolled. 

(b) If any test-specimen shows defective machining or develops flaws, it 
may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen is less than 
that specified in Section 5 (a) and any part of the fracture is more than % in 
from the center of the gauge-length of a 2-in specimen or is outside the middle 
third of the gauge-length of an 8-in specimen, as indicated by scribe-scratches 
marked on the specimen before testing, a retest shall be allowed. 

IV. Permissible Variations in Weight and Thickness 

Permissible Variations. 10 . The cross-section or weight of each piece of 
steel shall not vary more than 2 5% from that specified; except in case of 
sheared plates, which shall be covered by the following permissible variations. 
One cubic inch of rolled steel is assumed to weigh 0.2833 lb. 

(a) When Ordered to Weight per Square Foot: The weight of each 
lot in each shipment shall not vary from the weight ordered more than the 
amount given in Table I.* 

(b) When Ordered to Thickness: The thickness of each plate shall not 
vary more than 0.01 in under that order. 

The overweight of each lot in each shipment shall not exceed the amount 
given in Table II.* 

V. Finish 

Finish. 11. The finished material shall be free from injurious defects and 
shall have a workmanlike finish. 

VI. Marking 

Marking. 12. The name or brand of the manufacturer and the melt- 
number shall be legibly stamped or rolled on all finished material, except that 
rivet and lattice-bars and other small sections shall, when loaded for shipment, 
be property separated and marked for identification. The identification- 
marks shall be legibly stamped on the end of each pin and roller. The melt- 
number shall be legibly marked, by stamping if practical, on each test- 
specimen. 

VII. Inspection and Rejection 

Inspection. 13. (See complete Specifications for Sections 13, 14 and 15.) 

6. Tension-Members 

Angles. The best section for tension-members of relatively small size 
depends greatly on the kind of end-connections used. Angles or channels are 
generally used for riveted connections. For very small members rectangular 
bars, such as lacing-bars, may be used. The strength of such members is 
computed on the net area through the rivet-holes. Angles used in tension 
should have lugs riveted to the outstanding legs and the tie-plate for the 
better distribution of the stress over the section. Tests on angles with riveted 

• Tables I and II are omitted here for lack of space. The complete specifications can 
be obtained from the Society. 
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connections reported by F. P. McKibben * gave from 77 to 86% of the 
strength of the material as shown by tension-tests on standard specimens 
cut from these angles. Lugs increased the strength from 4.7 to 8.7%. It 
was also shown that a connection giving the center of the puli on the center 
of gravity of the section gave considerably higher strengths than when the 
center of pull was in line with the gauge-line of the rivets In computing the 
net sectional area as reduced by rivet and bolt-holes Table XI will be 
found very convenient. 

Eye-Bars are used for the main tension-members of pin-connected trusses. 
They are rectangular in section with a forged head upset in dies and of the 
same thickness as the bar. The eye is accurately drilled in position in the 
axis of the bar, true to diameter and exact central distance. Because of its 
advantages for forging, soft steel is used in making eye-bars. They are also 
carefully annealed before drilling. Table VI gives the dimensions of stand¬ 
ard eye-bars manufactured by the mills of the American Bridge Company. 
These bars are of practically the same dimensions as the standard bars of 
other companies. There is from 34 to 42% excess material in the section 
through the eye to insure in the forged part the development of the full 
strength of the body of the bar. Standard bars should be used in design to 
avoid the expense of making special dies in which to form the heads. Bars 
of less than the given minimum thickness are liable to fail, when loaded, by 
buckling in the head. Thick bars increase the bending-stresses in the pins 
and thus, indirectly, the necessary size of the eye. Except for very large 
structures they are limited to about 2 in. 

Tests of Full-Size Eye-Bars are generally required when a great number of 
them are to be used in a structure, one in every fifty bars being usually tested. 
The specifications for carbon-steel bars require that an ultimate tensile 
strength of 55 000 lb per sq in shall be developed, that the elongation in 
10 ft, including fracture, shall not be less than 15% and that failure shall 

(o>i«<0) 

Fig. 3. Eye-bar with Screw-ends for Sleeve-nut or Turn-buckle 

occur in the body of the bar. Nickel steel has been used for tension-members 
on a few long-span bridges. The working stress on the eye-bars was 
increased about one-half over that used for carbon steel, and the requirements 
of the test-bars made correspondingly severe. The eye is made V£o in 
greater than the diameter of the pin. Bars packed on the same pins are 



Fig. 4. Loop-eyes and Sleeve-nuts 


drilled at the same setting so as to be of exactly the same length. Bars must 
be true to length within in. Small eye-bars are sometimes made with 
upset screw-ends and sleeve-nuts or turnbuckles in the middle for 
adjustment, as shown in Fig. 3 and Table VI. 

• Proceedings of the American Society for Testing Materials, Vol. VI, 1906. 
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Loop-Rods (Fig. 4, and Table VII) of round or square section with welded 
loop-ends are used for counterties and bracing. Because of the weld they are 
not so dependable as other types of tension-members, but, because of the 
adjustment, are well adapted for this service as secondary members. 

A Forked-Loop Rod, Fig. 5, may be used for one of two tension-rods so as 
to avoid eccentricity where two rods balance each other on a pin. A cievis 

at each end of one of the rods 
accomplishes the same object. 

Tumbuckles and Sleeve-Nuts. 

The dimensions of these for adjust¬ 
ing the lengths and initial stress in 
ties are given in Table VIII. The 
open turnbuckle has the advantage 
of being easily inspected to note 
that the thread has sufficient bear¬ 
ing and that the ends of the rods 
do not butt together 

Upset Screw-Ends are threaded enlargements on the ends of rods or bolts 
designed to give to the threaded portions a strength as great as that of 
the body of the bar. Because of eiTects of forging it is necessary to make 
the area of the cross-section of the upset end at the root of the thread a little 
larger than that of the rod itself. A standard upset rod will fail in the body 
of the bar without damaging the threaded portion enough to prevent the 
turning of the nuts. The dimensions given are nearly the same with all man¬ 
ufacturers. If upset rods can not be obtained the section-area at the root of 
the thread must be used in computing the safe load. 

Clevises. Table IX gives the dimensions and other details for clevises 
according to the latest standards of the American Bridge Company. 

Tables. The following tables will be found useful in designing tension- 
members, or for drawing tumbuckles, sleeve-nuts, clevises, etc. The strength 
of plain rods in Table II is based on the area at the root of the thread. 
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Table II. Safe Loads in Tension in Pounds on Round Rods 


Diameter 
in inches 

Plain rods 

Load in pounds based on area 
at root of thread 

U. S. Standard 

Upset rods 

Load in pounds based on full 
area of rod 

Stress in lb per sq in 

Stress m lb per sq in 


10 000 

16 000 

18 000 

10 000 

16 000 

18 000 

H 

270 

432 

486 

491 

785 

885 

s /ifl 

450 

720 

810 

767 

1 230 

1 380 

H 

680 

1 088 

1 224 

1 104 

l 770 

1 980 

7 /U 

930 

1 488 

1 674 

1 503 

2 400 

2 700 

A 

1 260 

2 016 

2 270 

1 963 

3 140 

3 540 

9ia 

1 620 

2 592 

2 916 

2 485 

3 960 

4 455 

5$ 

2 020 

3 232 

3 636 

3 068 

4 910 

5 520 

U 

3 020 

4 832 

5 436 

4 418 

7 070 

7 950 

H 

4 200 

6 720 

7 560 

6013 

9 620 

10 815 

l 

5 500 

8 800 

9 900 

7 854 

12 570 

14 130 

v/ a 

6 940 

11 104 

12 492 

9 940 

15 900 

17 895 

Vi 

8 930 

14 288 

16 074 

12 270 

19 630 

22 080 

Vi 

10 570 

16 910 

19 020 

14 840 

23 750 

26 715 

14 

12 950 

20 720 

23 310 

17 670 

28 270 

31 800 

1 's 

15 150 

24 240 

27 270 

20 730 

33 170 

37 320 

Vi \ 

17 440 

27 900 

31 395 

24 050 

38 480 

43 290 

14 

20 480 

32 760 

36 870 

27 610 

44 180 

49 695 

2 

23 020 

36 830 

41 430 

31 420 

50 270 

56 550 

24 

26 490 

42 380 

47 700 

35 460 

56 640 

63 825 

24 

30 230 

48 370 

54 420 

39 760 

63 600 

71 565 

24 

34 190 

54 600 

59 400 

44 300 

70 880 

79 740 

24 

37 150 

59 440 

66 945 

49 080 

78 530 

88 350 

24 

46 190 

73 900 

83 145 

59 390 

95 020 

106 905 

3 

54 280 

86 850 

97 710 

70 680 

113 090 

127 230 

34 

65 100 

104 160 

117 180 

82 950 

132 720 

149 310 

34 

75 480 

120 770 

135 855 

96 210 

153 840 

173 175 

34 

86 410 

138 250 

155 535 

110 450 

176 690 

198 810 

4 

99 930 

159 890 

179 880 

125 660 

201 050 

226 185 

44 

113 290 

181 300 

203 850 

141 800 

226 880 

255 240 

44 

127 430 

203 900 

229 350 

159 000 

254 400 

286 200 

44 

142 200 

227 500 

255 900 

177 200 

283 520 

318 960 

5 

157 630 

252 200 

283 650 

196 300 

314 080 

353 340 

54 

175 720 

281 100 

316 200 

216 400 

346 200 

389 520 

54 1 

192 670 

308 300 

346 800 

237 500 

380 000 

427 500 

54 

212 620 

340 200 

382 650 

259 600 

414 700 

466 500 

6 

230 980 

369 600 

415 800 

282 700 

452 300 

508 800 
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Table m. Safe Loads in Tension in Pounds for Flat Rolled Bars 

Computed for a stress of 16 000 lb per sq in 
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Table in (Continued). Safe Loads in Tension in Pounds for Fiat 

Rolled Bars 

Computed for a stress of 16 000 lb per sq in 
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Table IV. Safe Loads in Tension in Pounds for Flat Rolled Bars 

Computed for a stress of 10 000 lb per sq in * 



• For unit stresses of 12 000, 12 500, and 15 000 lb increase by H, H, and H respec¬ 
tively. 
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Table IV (Continued). Safe Loads in Tension in Pounds for Flat 

Rolled Bars 

Computed for a stress of 10 000 lb per sq in • 


Thick¬ 
ness in 

Width in inches 

3>2 

*X 

4 

4M 

4X 

4 H 

5 

5’2 

6 

6X 

inches 

Ho 

2 190 

2 340 


2 660 

2 810 

2 9/0 

3 130 

3 440 

3 750 

m 

X 

4 380 

4 690 

5 000 

5 310 

5 630 

5 940 

6 250 

6 880 

■EBSliaj 

8 130 

Mo 

6 560 

7 030 

7 500 

7 970 

8 440 

8910 

9 380 

|TjE53 


12 200 

X 

8 750 

9 380 


10 600 


11 900 


13 800 


16 300 

Mo 




13 300 

14 100 


15 600 



20 300 

X 


Irorcn 


15 900 


17 800 

18 800 

20 600 


24 400 

Mo 

15 300 

EjE 

* jsb 

18 600 

UPl M 

20 800 

21 90. 

24 100 

26 300 

28 400 

X 

17 500 

a 

t2jg 

21 300 

22 500 

23 800 

25 000 



32 500 

Mo 


21 100 

|P 

23 900 

25 30C 

26 700 


:0 900 


36 600 

X 




26 600 

28 100 

29 700 


34 400 

37 500 

40 600 

»He 

24 100 


27 500 

29 200 

TO 

32 700 

34 400 

37 800 

41 300 

44 700 

X 




.>1 900 

32 


37 500 



48 800 

‘Mo 



32 500 


36 600 

38 600 

40 600 


wpp 

52 800 

n 


32 800 

■cMinni 

37 200 

39 400 

41 600 

EES 



56 900 

»Mo 

32 800 

35 200 

37 500 

39 800 


44 500 

46 900 



60 900 

1 


37 500 



45 000 

47 500 


jL,’ 

|||g| 

65 000 

lHo 

bp? 

39 800 

42 500 

45 200 


50 500 

53 100 

58 400 


69 100 

IX 

39 400 

42 200 


47 800 

50 600 

53 400 


61 900 


73 100 

IMo 




50 500 

53 400 

56 400 

59 400 

65 300 

WTO 

77 200 

IX 



50 000 

53 100 



62 500 

68 80C 


81 300 

IX 

48 100 

51 600 


58 400 


65 300 


75 60( 


89 400 

IX 

52 5Of) 

56 300 

60 000 

63 80( 

67 500 

71 300 




97 500 

IX 

56 900 

60 900 

65 000 

69 100 

73 100 

77 200 

81 300 

89 400 


105 600 

IX 

E; : ‘ v , 



74 400 

78 800 

83 100 

87 500 

96 300 


113 800 

Vi 

lj||| 


Z 

79 700 

84 400 

89 100 


103 100 


121 900 

2 

B 

B 

80 000 

85 000 

m 

95 000 



BE 

130 000 


See foot-note, preceding table. 































428 Resistance to Tension. Properties of Iron and Steel [Chap. 11 


Table V. Upset Screw Ends for Square Bars * 

American Bridge Company Standard 



Bar 

Upset 

Side of 
square 

d* 

inches 

Area, 

sq 

inches 

i 

Weight 

per 

foot, 

pounds 

i 

Diam¬ 
eter b, 
inches 

Length 

a, 

inches 

Addi¬ 
tional 
length 
for 
upset 
+ 10% 
inches 

Diam¬ 
eter at 
root of 
thread 
C t 

inches 

Area 

At root Elcess 
of over , 

thread, ar * aof 

sq inches t>ar * 

per cent 

t H 

0.563 

1 91 

1 K 

4 

4 

0 939 

0 693 

23.2 

VA 

0 766 

2 60 

Vi 

4 

3)i 

1 064 

0 890 

16 2 

l 

1 000 

3 40 

Vi 

4 

4 

l 283 

1 294 

29.4 

IH 

1 266 

4 30 

VA 

4 

3} 6 

1 389 

1 515 

19.7 

l X 

1 563 

5 31 

1 K 

4K 

4A 

1 615 

2 049 

31 1 

1 H 

1.891 

6 43 

2 

4K 

4 

1 711 

2.300 

21.7 


2 250 

7 65 

2 )i 

5 

5 

1 961 

3 021 

34.3 

VA 

2 641 

8 98 

2K 

5 

4 M 

2 086 

3 419 

29.5 

IK 

3 063 

10 41 

2K 

5K 

4K 

2 175 

3 716 

21 3 

IK 

3.516 

11 95 

2 K 

5 K 

5 

2 425 

4 619 

31 4 

2 

4 000 

13 60 

2 K 

6 

5 

2 550 

5.108 

27.7 

2 K 

4 516 

15 35 

3 

6 

4'A 

2 629 

5 428 

20 2 

2 K 

5 063 

17 21 

3'4 

6 K 

5 A 

2 879 

6 509 

28.6 

2'A 

5 641 

19. 18 

3H 

7 

6'A 

3 100 

7 549 

33 8 

2K 

6 250 

21 25 

3*i 

7 

7 

3 317 

8 641 

38 3 

2 H 

6 891 

23 43 

3K 

7 

5^ 

3 317 

8 641 

25 4 

2K 

7.563 

25.71 

4 

7K 

6K 

3 567 

9 993 

32.1 

2 K 

8.266 

28.10 

4K 

8 

7 A 

3 798 

11 330 

37 l 

3 

9.000 

30 60 

4 A 

8 

6 

3 798 

11 330 | 

25 9 

3H 

9.766 

33 20 

4} a 

8^2 

7 

4 028 

12 741 i 

30 5 

3K 

10 563 

35 91 

4 S 4 

8'2 

7} a 

4 255 

14.221 

34 6 


Upsets marked t are special 

• From Pocket Companion, Carnegie Steel Co , Pittsburgh, Pa. 
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Table V (Continued). Upset Screw Ends for Round Bars * 


American Bridge Company Standard 



Upsets marked f are special. 

* From Pocket Companion, Carnegie Steel Co., Pittsburgh, Pa. 
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Table VI.* Steel Eye-Bars 

American Bridge Company Standard 


ju stable Eye-Bar 

if!?* •» 

V-a-H v V 1*6*1 

Minimum length of short end 
from center of pin to end of screw, 
6 ft, preferably 7 ft. 

Thread on short end be to left hand 
Pitch and shape of thread A B 
Co. standard 


S O 

w 

o *S 

u* 

S* 

tn 

37 5 

1- 0 
1- 4 
l- 9 

0- 7 
0-11 
1- 4 

■ 

1 ^ 

0-10 
1- 2 
l- 7 

41.7 

1- 6 
1-11 
2- 4 

l- 1 
1- 5 
1-10 

37.5 

1-11 
2- 3 

1- 6 
1-10 


9 

10H 35.0 


26M 10 
28 11% 37,5 

t29M 13 


1% 31 12 
1 % 33 14 
l H t34 15 


\mmmmimm s 


S 'S- 

$ -s 3 l-s 

° bfi ««> 
P up u > 
4) O ’•* O 9 

>1 u* 



Bars marked f should be used 
only when absolutely unavoidable 
Deduct pin-hole when figuring 
weight _ _ 


•From Pocket Companion, Carnegie Steel Company, Pittsburgh, Pa. 
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Table VII.* Loop-Rods 

American Bridge Company Standard 



Pins marked t are special. Maximum skipping length of / «■ 35 ft 
* From Pocket Companion, Carnegie Steel Company, Pittsburgh, Pa. 
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Table vm.* Tumbuckles and Sleeve-Nuts 

American Bridge Company Standard 
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Table IX.* Clevises 

AMERICAN BRIDGE COMPANY STANDARD 



Clevises above and to right of zigzag line may be used with forks straight, those below 
and to left of this line should have forks closed so as not to overstress the pin. 


Trom Pocket Companion, Carnegie Steel Company Pittsburgh, Pa. 
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Table X. Safe Loads in Tension for Common Sizes of Angles with 
One 1-Inch Rivet-Hole for a f-Inch Rivet 

Load in pounds for a stress of 16 000 lb per sq in 


Size of angle 

Load 

Size of angle 

Load 

0X4 XH 

100 500 

3)sX2HX‘, 

45 000 

A 

85 000 

?10 

41 100 

A 

68 900 

h 

37 000 



A 

28 500 

5 X31 j X 3 .i 

82 500 

H 

19 500 ( 

u 

69 900 



A 

57 000 

3 X3 XA 

45 000 



A 

37 000 

5 X3 XH 

76 500 

A 

28 500 

A 

64 900 

A 

19 500 

A 

53 000 



A 

40 500 

3X2AXA 

33 000 



A 

25 400 

4 X4 X 3 4 

76 500 

Me 

21 600 

A 

40 500 

H 

17 400 

X 

u 

X 

60 000 



A 

37 600 

3X2 X 7 'U* 

25 900 



A* 

22 500 

1X3 XA 

55 000 

Me* 

19 200 

A 

45 000 

h* 

15 600 

A 

34 400 





2AX2 AX 7 /U 

25 900 

3AX3AXA 

64 500 

A 

22 400 

A 

54 900 

Me 

19 200 

A 

45 000 

U 

15 500 

A 

34 400 





2 1 2 X2 X Tie 

22 400 

3AX3XA 

50 100 

A 

19 500 

A 

41 000 

Me 

16 600 

A 

31 500 

U 

13 400 


* These are special angles. It is better not to use them in ordinary work because ol 
risk of delay in delivery. 


The End-Connections often determine the strength of angle tfnsion- 
members. Some specifications for structural work require angles subject to 
direct tension to be connected by both legs if the section of both legs is con¬ 
sidered; and if connected by one leg, the section of one leg only is considered 
effective. Reliable tests show this requirement to be needlessly severe. 
For single angles connected by one leg, the Specifications for the Structural 
Steelwork of Buildings, Chapter XXVIII, Article 5, allow the net area of the 
connected leg and one-half that of the outstanding leg be considered 
effective. 
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Table XI. Sectional Area to be Deducted from Plates and Angles 
for One Round Hole 

Note. Bolt-holes should be Ms in larger than the diameter of the bolt; rivet-holes 
are usually A in larger than the diameter of the rivet. 


Thickness 
of Plate 




Diameter of hole in fractions of an inch and inches 




H 

Mfl 

X 

7 sU 

X 

Vl6 

X 

J M® 

X 


X 

’M® 

1 

V/U 

1)1® 

m 

l*i® 

*i« 

0 05 

0 06 

0 

07 

0.08 

SB 

0 

11 

0 12 

0 13 

9 

14 

0 

15 

0 

16 

0.18 

0.19 

0 20 

0 23 

0 27 

0.30 

W 

0 06 

0.08 

0 

09 


0.13 

0 

14 

0 16 

0 17 

0 

19 

0 

20 

0 

22 

0.23 

0 25 

0.27 


0 36 

0 

39 

M® 

0 08 

0 10 

0 

12 

0.14 

0 16 

0 

18 

B 

0 21 

0 

23 

0 

25 

9 

27 

0 29 

0 31 

0 33 

0 37 

0 45 

0 

49 

n 

0 09 

0 12 

0 

14 

0.16 

0 19 

0 

21 

0 23 

0.26 

0 

28 

ul 

30 

0 

33 

0 35 

0 38 

0 40 

0 45 


0 

59 

M® 

0 11 

0 14 

0 

16 

0.19 

0.22 

0 

25 

0 27 

0 30 

0 

33 

0 

36 

0 

38 

(rell 

0 44 

0 46 

0 52 

0.63 

0 

69 


0.13 

0 16 

0 

19 

0.22 

0.25 

0 

28 

0 31 

0 34 

0 

38 

0 

41 

0 

44 

0 47 

0 50 

0 53 

0 59 

0 72 

0 

78 

•is 

0.14 

0 18 

0 

21 

0 25 

0.28 

0 

32 

0.35 

0 39 

0 

42 

0 

46 

0 

49 

0 53 

0 56 


0 67 

0.81 

0 

88 

H 

0 16 

0 20 

0 

23 

0 27 

0 31 

0 

35 

0 39 

0 43 

0 

47 

0 

51 

0 

55 

0 59 

lan 

0.66 

0 74 

0 90 

0 

98 

l M® 

0.17 

fU 

0 

26 

0 30 

0 34 

0 

39 

0 43 

0 47 

0 

52 

0 

56 

0 

60 

0 64 

0.69 

0 73 

0 82 

0.99 

l 

08 

>4 

0 19 

0 23 

0 

28 

0 33 

0 38 

0 

42 

0 47 

0 52 

0 

56 

0 

61 

0 

66 

0 70 

0 75 


0 89 

1 08 

l 

17 

MI® 

0 20 

0 25 

0 

30 

0 36 

0 41 

0 

46 


0 56 

u 

61 

9 

66 

0 

71 

0 76 

0 81 

0 86 

0 97 

1 17 

l 

27 

7 i 

0 22 

0 27 

0 

33 

0 38 

0 44 

0 

49 

0 55 

0 60 

0 

66 

0 

71 

0 

77 

0 82 

0 88 

0 93 

1.04 

1 26 

1 

37 

MI® 

0 23 

0 29 

0 

35 

0 41 

0 47 

0 

53 

0 59 

0 64 

0 

70 

0 

76 

0 

82 

0 88 

0 94 

EE 2 

1 11 

1.35 

l 

47 

1 

0 25 

0 31 

0 

38 

0.44 

0 50 

0 

56 

0 63 

0 69 

0 

75 

0 

81 

0 

88 

0 94 


1 06 

1 19 

1 44 

1 

l 

56 


7. Wire. 

Manufacture. Iron and steel wires are made from billets about 4 in 
square. These are rolled into long rods which are dipped in acid to remove 
the scale and furnish lubrication for the drawing process. This consists in 
pulling the rods while cold through steel dies having a series of holes of gradu¬ 
ally decreasing diameters. The cold working of the metal hardens it and 
makes it brittle so that it is necessary to anneal it at intervals during the 
process. The drawing increases the strength of the material, so that wires 
of different sizes, although made of the same material, differ greatly in ulti¬ 
mate STRFNOfll. 

Finish. The common grades of iron and steel wire are furnished in several 
different finishes: plain black, bright tinned, copper-coated, japanned and 
with single and double coats of zinc galvanizing. This is applied by passing 
the wire through a bath of melted zinc which adheres to it and forms a coat¬ 
ing, the most common effective protection against corrosion. 

Wire-Gauges. Table XIII gives, according to several gauges, the diam¬ 
eters of the different numbers of wire that have come into use for different 
purposes and have been brought out by different manufacturers. In ordering 
wire by number it is necessary to specify which gauge is meant. 

Strength. Table XIV gives the sizes according to the J. A. Roebling’s Sons 
Company gauge, with the weight and length and the strength on an assumed 
basis of 100 000 lb per sq in. The different kinds of wire vary so widely in 
ultimate strength, on account of both the difference in quality of the 
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material and the effect of the drawing, that in order to obtain the approximate 
strength of a wire, reference must be made to Table XII in connection with 
the foot-note to Table XIV. The following table is arranged from values 
which were published in the Catalogue of the J. A. Roebling’s Sons Company: 


Table XII. Approximate Ultimate Strength of Different Sizes of 
Iron and Steel Wire 


Kind of wire 

Ultimate strength 

Large size 
lb per sq in 

Small size 
lb per sq in 

Soft iron. 

45 000 

60 000 

Telegraph and telephone (steel). 

60 000 

80 000 

Special aviator. 

247 000 

285 000 

Piano wire. 

307 000 

340 000 

Plow steel wire . . 

200 000 

345 000 

Hard-drawn copper trolley wire .... 

50 000 

Not used 

Hard-drawn telegiaph and telephone copper 

56 000 

66 000 


The American Steel and Wire Company’s Gauge is almost universally 
followed throughout the United States for steel wire. The Birmingham 
gauge, an English «auge, is the only wire-gauge recognized in successive Acts 
of Congress estabKhing tariffs, and for many years has been used as the basis 
for duties assessed on imported wire. 
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Table XIII. Comparison of Standard Gauges for Wire and Sheet Metal 


Diameter or thickness in decimals of an inch 


Birm- 

Number ingham American 
or or Brown 

gauge Stubs & Shar P e 

* 8 iron- Wire- 


United 
States 
standard 
gauge for 
sheet and 
plate iron 
and steel 


0000000 

000000 

00000 

0000 

000 

00 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


. . . 0 5 

0 580000 0 46875 
0.516500 0.4375 
0 460000 0 40625 
0 409642 0 375 
0 364796 0 34375 
0 324861 0 3125 

0 289297 0 28125 
0 257627 0 265625 
0 229423 0 25 
0 204307 0 234375 
0 181940 0 21875 
0 162023 0 203125 
0 144285 0.1875 
0 128490 0 171875 
0 114423 0 15625 
0 101897 0 140625 
0 090742 0 125 
0 080808 0 109375 
0 071962 0 09375 
0 064084 0 078125 
0.057068 0 0703125 
0.050821 0 0625 
0 045257 0.05625 
0 040303 0 05 
0.035890 0 04375 
0 031961 0 0375 
0.028462 0 034375 
0 025346 0 03125 
0 022572 0 028125 
0 020101 0 025 
0 017900 0 021875 
0 015941 0.01875 
0.014195 0.0171875 
0 012641 0 015625 
0.011257 0.0140625 
0.010025 0.0125 
0 008928 0.0109375 
0.007950 0.01015625 
0 007080 0.009375 
0 006305 0.00859375 
0 00561S 0.0078125 
0 005000 0.00703125 
0 004453 0.006640625 
0 003965 0 00625 
0.003531 . 


Sb Moer 
Roeblin 
America 
Steel & 
Wue Cc 
►teel-wii 
gauge 

0 

4900 

0 

4615 

0 

.4305 

0 

.3938 

0 

3625 

0 

3310 

0 

3065 

0 

2830 

0 

2625 

0 

2437 

0 

?253 

0 

2070 

0 

1920 

0 

1770 

0 

1620 

0 

1483 

0 

1350 

0 

1205 

0 

1055 

0 

0915 

0 

0800 

0 

0720 

0 

0625 

0 

0540 

0 

0475 

0. 

0410 

0 

0348 

0 

0317 

0 

0286 

0 

0258 

0. 

0230 

0 

0204 

0 

0181 

0 

0173 

0 

0162 

0. 

0150 

0 

0140 

0 

0132 

0. 

0128 

0 

0118 

0. 

0104 

0 

0095 

0.0090 

0 

0085 

0. 

0080 

0. 

0075 

0. 

0070 


Ameri- 
Stubs can 
steel- Screw 
wire- Co. 
gauge wire- 
gauge 


0.0164 
0.0148 
0.0136 
0.0124 
0.0116 
0.0108 
0.0100 
0.0092 
0.0084 
0.0076 
0.0068 
0.0060 
0.5711) 0.0052 
0 5842 0.0048 


The United States Standard Gauge was legalized by Act of Congress, March 3, 1893, 
as a standard gauge for sheet and plate iron and steel, and is used by the Custom House 
Department and by sheet-plate and tin-plate manufacturers. 
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Table XIV. Weight, Length and Strength of Steel Wire 

Gauge of J. A. Roebling’s Sons Company * 


Number 

of 

gauge 


000000 

00000 

0000 

000 

00 

0 

1 


m 


5 

6 



Breaking¬ 
load in 

Diameter, Area, pounds at 

in sq in rate of 

100 000 lb 
per sq in 

0 460 0 166191 16 619 

0 430 0 145221 14 522 

0 394 0 121304 12 130 

0 362 0 102922 10 292 

0.331 0 086049 8 605 

0.307 0.074023 7 402 

0.283 0 062902 6 290 

0.263 0 054325 5 433 

0.244 0.046760 4 676 

0.225 0 039761 3 976 

0.207 0.033654 3365 

0. 192 0 028953 2 895 

0.177 0 024606 2 461 

0.162 0 020612 2 061 

0.148 0 017203 1 720 

0.135 0.014314 1431 

0.120 0 011310 1 131 

0.105 0.008659 866 

0 092 0 006648 665 

0.080 0 005027 503 

0.072 0.004071 407 

0.063 0 003117 312 

0 054 0 002290 229 

0.047 0 00173S 174 

0 041 0 001320 132 

0 035 0 000962 96 


Weight in pounds 

Number 

Per 1 000 
ft 

Per mile 

of feet in 
2 000 lb 

558.4 

2 948 

3 582 

487 9 

2 576 

4 099 

407.6 

2 152 

4 907 

345.8 

1 826 

5 783 

289 1 

1 527 

6 917 

248.7 

1 313 

8 041 

211.4 

1 116 

9 463 

182 5 

964 

10 957 

157 1 

830 

12 730 

133.6 

705 

14 970 

113.1 

597 

1 

17 687 

97.3 

514 

20 559 

82 7 

437 

24 191 

69 3 

366 

28 878 

57 8 

305 

, 34 600 

48.1 

254 

41 584 

38.0 

201 

| 52 631 

29 1 

154 

! 68 752 

22 3 

118 

j 89 525 

16 9 

89 2 

118 413 

13.7 

72.2 

146 198 

10 5 

55.3 

191 022 

7 70 

40 6 

259 909 

5 83 

30 8 

343 112 

4 44 

23 4 

450 856 

3 21 

17 1 

618 670 


* Also American Steel & Wire Company, etc. 


This table was calculated on a basis of 483 84 lb per cu ft for steel wire. Iron wire is 
a trifle lighter. 

The breaking strengths were calculated for 100 000 lb per sq in throughout, simply 
for convenience, so that the breaking strengths per square inch of wires of any strength 
may be quickly determined by multiplying the values given in the table by the ratio 
between the strength per square inch and 100 000. Thus, a No. 15 wire, with a strength 
per square inch of 150 000 pounds, has a breaking strength of 


It must not be inferred from this table that steel wire invariably has a strength of 
100 000 lb per sq in. As a matter of fact its strength ranges from 45 000 lb per sq in for 
soft, annealed wire to over 400 000 lb per sq in for hard wire. 
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8. Wire Rope 

Kinds of Wire Rope. There are several kinds of wire rope in common 
use. In each there are three or more qualities depending on the kind of wire 
used and the kind of core about which the strands are laid. The following 
are found in standard catalogues: 

(1) Haulage or Transmission-Rope, composed of six strands of seven wires 
each, laid about a hemp core It is used for haulage, transmission of power, in 
places where surface-wear is of chief consideration and where sheaves of suf- 
cient diameter may be used. 

(2) Hoisting-Rope, composed of six strands of nineteen wires each. It is 
used for elevator service, shafts and derricks, and in places where it is not sub¬ 
ject to abrasion and where flexibility is of chief consideration. 

(3) Seale Rope, composed of six strands of nineteen wires each, the inner 
coils of the strands being of finer wire. It is intermediate in flexibility between 
the first and second kinds of rope. 

(4) Non-Spinning Hoisting-Rope, having eighteen strands of seven wires 
each. Twelve of the strands are laid in reverse direction to the inner six, 
making it well adapted for hoisting in free suspension without untwisting and 
turning the load. 

(5) Extra-Pliable Hoisting-Rope, having eight strands of nineteen wires 
each. 

(6) Special Flexible Hoisting-Rope, having six strands of thirty-seven 
wires each. 

(7) Hawser-Rope and Flexible Running-Rope, having six strands of twelve 
galvanized wires each, laid about a hemp core 

(8) Tiller-Rope, composed of six small seven-strand ropes laid about a 
hemp core. It is the most flexible of wire ropes and is used to operate tillers 
and for hand-ropes in elevators. 

The Lay of Wire Rope is the tv ist of the wires in the strands relatively to 
the strands in the rope. In the ordinary lay the twist of the strands is the 
reverse of that of the wires, while in the Lang lay the strands are laid in the 
same direction as the twist of the wires. This latter gives a greater distribu¬ 
tion of the wearing surface and a somewhat greater flexibility; but it has the 
disadvantage of a tendency to untwist and for this reason should not be used 
for hoisting weights in free suspension. Wire rope is also made up in flat 
or ribbon form. For large sizes it is more flexible than standard rope and 
may be run over smaller drums. 

Materials for Rope. Nearly all of the above kinds of rope are made up in 
the following materials: 

(1) Best Grade of Wrought Iron. This is used in high-speed passenger- 
elevator service as it seems to sufler less from the effects of the stresses 
due to the starting and stopping of the cars. 

(2) Cast-Steel Wire, with an ultimate strength of from 160 000 to 210 000 lb 
per sq in, according to the size used. 

(3) Extra-Strong Cast-Steel Wire, with an ultimate strength of from 
190 000 to 230 000 lb per sq in. 

(4) Plow-Steel Wire with an ultimate strength of from 200 000 to 230 000 lb 
per sq in. 
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Table XV. Strength of Wire Rope 

Arranged from the list of John A. Roebling’s Sons Company 


. . « ,. Minimum diameter 

Weight breakmg- drum or Bheave 

Diameter nr tort. load m pounds taint 


Trade Diameter per toot, 
number inches hemp 


HOISTING-ROPE 

Six strands of nineteen wires each, about a hemp core 


2H 

8.00 

144 000 

266 000 

2 

6.30 

110 000 

212 000 

m 

5.55 

100 000 

192 000 

m 

4 85 

88 000 

170 000 

m 

4.15 

76 000 

144 000 

i M 

3.55 

66 000 

128 000 

ih 

3 

56 000 

112 000 

m 

2.45 

4*? 600 

94 000 

1 Vs 

2 

37 200 

76 000 

i 

1.58 

29 000 

60 000 

Vs 

1 20 

23 600 

46 000 

S 4 

0 89 

17 000 

3S 000 

y% 

0 62 

12 000 

25 000 

91 o 

0.50 

9 400 

20 000 

A 

0.39 

7 800 

16 800 


0 30 

5 800 

13 000 

H 

0 22 

4 800 

9 600 



STANDING ROPE 

Six strands of seven wires each 


126 000 
106 000 
92 000 
74 000 
62 000 




The working load is to be taken at one-fifth the breaking-load. This is assumed in 
calculating the diameter of the sheaves. 
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Ordinary galvanized-wire rope should not be used for other than stand¬ 
ing rope, that is, rope fixed in place. A short service running through sheaves 
will break the coating and permit rapid corrosion of the rope Because of 
the many kinds and qualities of rope it is well to consult the manufacturers as 
to which kind will best suit the conditions for any particular service. The 
John A. Roebling’s Sons Company, Trenton, N. J., and A. Leschen & Sons 
Rope Company, St. Louis, Mo., are among the largest manufacturers of full 
lines of ropes. 

Coils. Wire rope should not be coiled like hemp rope, and in order to avoid 
kinking, should be taken from the reels without twisting. If it is not shipped 
on a reel, to avoid injury it must be rolled over the ground like a wheel. 

Lubrication. It is very important that running ropes be properly lubri¬ 
cated, since, if proper care is not taken, the wear on the interior parts, between 
the wires, may be almost as great as the outside abrasion. The oil should 
penetrate to the core of the rope and yet not drip off a few days after applica¬ 
tion. Information as to the care of rope may be obtained from the manu¬ 
facturers. 

Sheaves. The size of sheaves recommended in the tables are calculated for 
a working-load of one-lifth the given breaking-load. If smaller sheaves are 
used the life of the rope will be greatly shortened, becaus* of the excessive 
bending of the outer wires 

Table XVI. Galvsanized, Steel-Wire Strands 

For smokestack guys, electric light plants, street 
railways, signal cord, fencing, etc. 


A. Leschen & Sons Rope Company list * 


Diameter 
in inches 

Breaking 
strength in 
pounds 

Approximate 
weight per 

1 000 ft 

? 3 

540 

31 8 

5 3 2 

870 

51 3 

3 18 

1 150 

72 9 

ru 

1 5 10 

98 3 

u 

1 900 

121 

5l8 

3 200 

205 


4 250 

296 

>10 

5 700 

399 


7 400 

517 


* Catalogue No 37. 


9. Cotton, Hemp and Manila Rope 

Rope is made of cotton, hemp, and Manila fiber. Cotton is used for small 
sizes only. Sash cord is woven from cotton thread. 

Manufacture. In the manufacture of rope the fiber is first spun into yarn. 
From twenty to eighty threads are twisted together into strands and the 
strands, three or four, are laid together, opposite in direction to the twist in 
the strands, but in the same direction as the threads. This causes the fibers 
to be twisted as the rope untwists and produces a balancing of forces that 
tends to keep the rope in shape. 
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Cables and Hawsers are made up of strands of rope. 

Rope used for Hoisting wears rapidly from the action of the pulleys and 
also from the bending which causes a slight internal motion between the 
fibers and a chafing and grinding away of the interior. 

Stevedore-Rope is filled with a tallow and plumbago lubricant which 
decreases the internal friction, lubricates the outside of the rope and thus 
greatly prolongs its life. 

Strength. The values of the strength of new rope, given in Table XVII, are 
taken from the Specifications of the United States Navy Department, issued 
in October, 1929. Manufacturers generally adopt these sizes and weights 
and claim a strength equal to or a little greater than the values given. The 
unit strength for the different sizes varies, being about 14 000 lb per sq in 
for the smaller and about 10 000 for the largest size. The approximate 
formula, offered by C. W. Hunt, of 720 times the square of the circumference 
in inches, is equivalent to about 9 000 lb per sq in. Four-strand, medium- 
laid rope shall not be over 7% heavier than three-strand rope of the same 
size, and shall have at least 95% of the strength required for three-strand 
rope of the same size. Other requirements are the same as for three-strand 
rope. 

Table XVH. Strength and Weight of Rope 

Specifications of the United States Navy, October 1, 1929 
(Standard rope three-strand medium lay) 


Circum¬ 

ference, 



Diameter 

(nominal). 


Ma (6 yarns) 
>4 (6 yarns) 

Mo (9 yarns) 
(12 yarns) 
Mo (15 yarns) 
*2 (21 yarns) 


Weight per 
foot 

(maximum) 
in pounds 


Breaking 

strength 

(minimum) 

Load 

P =200 D2, 
lb 

in pounds 

590 

7 

700 

12 5 

1 200 

19 5 

1 450 

28 2 

1 750 

38 2 

2 450 

50 

3 150 

63 4 

4 000 

78 2 

4 900 

112.5 

5 900 

132 

7 000 

153 

8 200 

200 

9 500 

226 

11 000 

252 

12 500 

312 

14 200 

345 

17 500 

450 

21 500 

528 

25 500 

612 

30 000 

800 

38 500 

1 012 

49 000 

1 380 

61 000 

73 000 

86 400 


101 000 

2 812 
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Working Load. The working load for slow-speed derrick and hoisting- 
service is usually taken at one-seventh the breaking-load. This makes some 
allowance for the loss of strength at splices and connections. The deteriora¬ 
tion of rope exposed to the weather is very rapid. For Manila rope from 1 
to 1?4 in in diameter, running over sheaves of the diameters given, C. W. 
Hunt in Trans. Am. Soc. M. E., Vol. XXIII, gives a table embodying approx¬ 
imately the following results of experience: 


Table XVIII. Working Loads for Manila Rope 

Working load =» C X breaking-load of new rope 
D *= minimum diameter of sheave in inches 


Speed 

Feet per 
minute 

Kind of work 

Value 
of C 

D for rope of 
diameter of 

1 in 

l s i in 

Slow 

50 to 100 

Derrick, crane, quarry, etc 

0 014 

8 

14 

Medium 

150 to 300 

Wharf, cargo, etc 

0 056 

12 

18 

Rapid 

400 to 800 


0 028 

| 40 

70 


The wear in such service is very rapid, a 1 ^ 2 -in rope wearing out in lifting 
from 7 000 to 10 000 tons of coal On the other hand, a 1 } o-in transmission- 
rope running at 5 000 ft per mil. and carrying 1 000 horse-power over sheaves 
5 ft and 17 ft in diameter, lasts for years, the difference being due to the 
smaller stress and larger sheaves. 


10. Chains 

Manufacture. There are two types of welded chain, fire-welded and 
electric-welded. The first is a hand process. Mild open-hearth steel is 
used for the most part. Wrought iron bar is used for some large sizes. The 
bending and welding reduce the strength so that the chain is not twice but 
only from 1.55 to 1.70 times as strong as the original bar from which it was 
made. Stud chain having a bar welded across each link to stiffen it and 
prevent fouling in handling, is not as strong as open-link chain, but has a 
higher elastic limit and working strength. G. A. Goodenough, in a Bulletin 
from the Illinois Engineering Experiment-Station, finds the maximum stresses 
at the elastic limit of the material to be as follows: If P is the load, d the 
diameter of the bar, and 5’ the stress, the formulas are. 

P « 0.5 d 2 S for stud-link, and 
P *= 0.4 d*S for open link. 

Proof-Tests. A proof-test is applied to chains by the manufacturers The 
load applied is one-half the average breaking-load. It serves to detect bad 
welds and gives a chain a slight permanent set, so that for working loads 
thereafter there will be little stretching of the chain. 

Care of Chains. Chains in constant use require lubrication and frequent 
annealing. They harden in service and are liable to unexpected failure if not 
annealed. It is recommended that hoisting chains and sling chains be an¬ 
nealed at least once a year. If subject to shock or occasional overload, it is 
better to anneal twice during the year. (Bradlce & Company, Philadelphia, 
Pa.) 
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Table XIX. Sizes, Weights, Proof-Tests and Average Breaking- 
Loads for Chains 

Bradlee and Company, Philadelphia 



The specifications of the United States Navy Department require the same proof- 
test as is given above for crane-chain and a breaking-strength 10% greater than that 
given for special crane-chain. 
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Factors of Safety. For dead loads the factor of safety may be as low 
as four provided the breaking of the chain would not imperil life. This is the 
factor generally quoted in catalogues, but is too low for most purposes as the 
maximum fiber-strfss is then well above the elastic limit of chain-iron. 
Where loads are to be raised repeatedly with machinery which can be oper¬ 
ated without jerks or sudden change of speed, the use of a factor of six is 
good practice. If a chain must be used where shocks occur, the instanta¬ 
neous load should be calculated, and a high factor of safety employed. 

Grades of Chain. Chains up to 1J4 in are usually made in three grades, 
called proof, bb, and bbb. The proof is the cheapest grade, and is made in 
longer links than the others. This is not ordinarily proof-tested, bb is the 
next grade, somewhat shorter linked, and is proof-tested. It is made of high- 
grade open-hearth steel, bbb is of still shorter link and more carefully 
made. Only the highest-grade open-hearth chain steel is used in its manu¬ 
facture. 

Crane Chain is finished in such a way as to be without twist when hanging 
with one end free, so that hooks and fittings are always facing their proper 
direction. 

Dredge Chain is straightened as is Crane Chain, and made with uniform 
links to run over a wheel. It is of bbb grade. 

Steel Loading Chain is made mostly in small sizes for use where the weight 
compared to the strength is to be a maximum. It is the highest-grade hand¬ 
made chain. Some companies catalogue an electric-welded loading chain, 
made on individual welding-machines, not automatic. 

Block Chain is fitted to the pocket-wheel in which it is to run. In small 
sizes it is usually electric-welded. 

Electric-Welded Chain is made in small sizes and is rapidly replacing the 
hand-made below in. It is stronger and more uniform. 

Sizes of Chain. Chain is ordinarily made of wire or rod, in larger than 

the nominal diameter, by which it is called If chain is desired made of wire 
of the size by which it is called, it must be specified as exact size. Steel 
Loading Chain, Block Chain, and frequently Dredge Chain, are made exact. 
Stud-Link Anchor Chain is made of wire, 8 04 in above its nominal diameter* 
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CHAPTER XII 

RESISTANCE TO SHEAR. RIVETED JOINTS. 
PINS AND BOLTS 

By 

HERMAN CLAUDE BERRY 

PROFESSOR OF MATERIALS OF CONSTRUCTION, UNIVERSITY OF PENNSYLVANIA 

1. Shear 

Shear is the internal stress in a body which resists the tendency of two adja¬ 
cent parts to slide on each other, due to the action of two equal and parallel 

external forces, called shearing- 
forces, acting on opposite sides 
of the plane of shear. 

If the piece abed of Fig. 1 repre¬ 
sents a short simple beam of 
brittle material on which a suffi¬ 
cient load is applied, it will fail in 
vertical shear at / and g, as 
shown, by a sliding on the sec¬ 
tions of the beam at these points, 
because the upward force of the 
reaction at S and the downward 
Fig. 1. Shearing-failure of Beam force of the load adjacent to S, 

against which it acts across the 
section at S , is greater than the total shearing resistance of the section. 
Shear is present over the entire length of the beam, and at any section is equal 
to the reaction at 5 minus the weight of the load between the reaction and the 
section in question. In general, the vertical shear at any section of a beam 
subjected to vertical loads is equal to the algebraic sum of all the vertical 
forces acting on the beam on either 
side of the section. 

Single and Double Shear. A 
rivet connecting two bars under 
tension (Fig. 2) is subjected to a Fig . 2 . Example of Single Shear 
shearing-stress. If one section 

of the rivet transmits the force the rivet is said to be in single shear; if two 
sections, it is in double shear. 

Distribution of Shear. Shear is considered to be uniformly distributed 
over the section except in cases of torsion and of complex stresses. 

For the ordinary cases of shear in rivets, etc., if 

Sg -■ the allowable unit stress in shear, 

A — the area under stress, 
and P - the safe shearing-load; 

then P - ASg (1) 

The Ultimate Strength in Shear has been determined for building materials 
by testing suitably prepared specimens and dividing the maximum load 





Art. 1] 


Shear 


447 


observed by the area under stress. For material like wood, in which there 
are planes of weakness, tests must be made which take these into account. 
The direction of the force with respect to these planes must be considered in 
choosing the safe working stress from the tables. 

Safe Working Stresses in Shear. Table I gives safe working stresses 
in shear for those building materials usually subjected to such stresses. 


Table I. Safe Working Stress in Shear for Building Materials * 


Material 

Safe stress in lb per 
sq in. 

Cast iron (New York) ... 

3 000 

Wrought iron. 

7 500 

Steel, bolts, rivets . 

10 000 (average) 


With the 

Across the 


grain 

grain 

White oak. 

200 

1 000 

White pine. 

100 

500 

Long-leaf yellow pine 

150 

1 250 

Short-leaf yellow pine .... 

130 

1 000 

Douglas fir. . . 

100 

900 

Hemlock. 

100 

600 

Spruce.. 

too 

750 


* Note For woods, these values may be increased up to 30' ^ for selected, perfectly 
protected, commercially dry timber, not subject to impact, that is, for ideal conditions. 
(See, also. Chapter XX.) 


Shear in Wooden Tie-Beams. There are a few cases in architectural con¬ 
struction in which the weakness of wood in shear must be provided for. The 
one most frequently arising is 
the framing of the end of the 
tie-beams in wooden trusses. 

Fig. 3 was made from a 
photograph of a shearing- 
failure of a tie-beam from the 
thrust of the rafter. 

Horizontal Shear in 
Wooden Beams. Failure like 
that shown in Fig. 1 rarely 
occurs in wood; but rectangu¬ 
lar wooden beams, the length 
of which is less than about twenty times the depth, arc liable to fail by 
horizontal shear along the middle, under about the same loads that cause 
the allowable working stresses in bending. 

Shear at the End of a Tie-Beam. In the case of the truss-joint (Fig. 4), 
the thrust S of the rafter tends to shear off the part A BCD along the plane of 
which CD is the trace. This area under stress must offer a shearing resist¬ 
ance equal to the horizontal component II of the thrust $. The width of the 
beam b being fixed, formula (1) gives 

H - (CD X h) S s or CD - HJbSt 
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The shear being in the same direction as the grain of the wood, the lower 
value in Table T must be used. 

Example 1 (Fig. 4). The horizontal component of the thrust of a rafter is 

tie-beam is 10 in wide. How far 
should the beam extend beyond the 
point D ? 

Solution. In this case II — 
20 000 lb. From Table I, S s -150 
20 000 

lb per sq in. Then CD - —-— 

H 10 X 150 

— 13.3 in and should be made at 
least 13j^ in. 

As actually constructed a large 
part of the thrust is generally taken 
up by a bolt or strap at the foot of 
the rafter to hold it in place. As 
the bolt and shoulder seldom act together, either the length CD on the tie* 
beam should be made long enough to resist the entire thrust, or the bolt or 
Strap designed to do so without relying on the shearing resistance in the plane 
of CD. The design of such joints is more fully considered under Subdivision 4 
Of this chapter. 

2 . Riveted Joints 

Use of Rivets. Rivets almost exclusively are used in connecting the plates 
and shapes which make up the members of framed steel construction. 

Rivet-Definitions. A rivet is a piece of cylindrical rod with a head forged 
on one end and usually with a slight taper at the other end of the shank. The 
grip (Table III) of the rivet is the length between the under sides of the heads 
after driving, or the thickness of the parts joined. The length (Table III) of 
the rivet is equal to the grip plus enough of the stock to form a head, and is 
measured from the end of the shank to the under surface of the head. The 
Diameter of the shank of a rivet is made equal to its nominal diameter, 
but rivets are driven into 
holes in larger in diameter 
and upset by the driving so 
as to completely fill the holes. 

The shearing values and bear¬ 
ing values are based upon the 
nominal area and not upon 
the area of the hole. 

Riveting consists in heating 
the rivet to a welding-heat, 
passing it through holes in the 
parts to be joined and forging 
another head out of the pro¬ 
jecting shank. This may be 
done by hand-hammering; 
but shops use compressed-air-operated hand-hammers or large riveting- 
machines which form the head and cause the shank to completely fill the hole 
by heavy pressure on a die. 

Material of Rivets. Rivets are made of soft steel and of wrought iron. 
Rivet-steel is generally used. The head may have any of the forms shown in 
Fig. 5, although the first, called the button-head, is the standard for struc* 
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Fig. 5. Forms of Rivet-heads 


20 000 lb. The long-leaf yellow pine 
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tural work. The fourth or countersunk head is used where it is necessary 
to have a flat surface, as over a bearing-plate. 

The Sizes of Rivet-Heads differ slightly at different mills. The Standards 
of the American Bridge Company give for the diameter or the head, one and 
one-half times the diameter of the shank plus }/% in, and for the height of the 
head, 0.425 times the diameter of the head. Countersunk heads have a slope 
of 30° and a depth equal to one-half the diameter of the shank. 

The Pitch of Rivets. By this is meant the center-to-center distance 
between them in a line of riveting. The distance between lines of rivets, or 
from the back of an angle or channel to a rivet-line is called the gauge- 
distance. By staggered pitch is meant the arrangement of rivets midway 
between others on successive rivet-lines in order to decrease the section less 
than when they are arranged in rectangular rows, and at the same time to 
place a greater number of rivets in a definite area. The pitch should not be 
made less than three diameters of the rivet and the distance prom the edge 
of the plate not less than one and one-half diameters, although it may be 
necessary to make the distance less when small angles are used. The pitch of 
countersunk rivets must be greater than that of button-head rivets because 
of the greater amount of material removed. 

Punching Rivet-Holes. Rivet-holes are made with power-punches. The 
spacing is marked on the different parts to be fastened together by means of 
wooden templates with holes drilled to locate the position of the rivets. When 
the different parts are assembled, the holes are laid out by the same template- 
register, 90 that the rivets may be inserted without difficulty. Punching 
makes a ragged hole. The llow of the metal under the great pressure hardens 
it and causes a loss in strength of from 11 to 33% as reported by W. C. Unwin 
for soft steel. The injury may be removed by annealing or by reaming 
away the injured part of the metal. Enlarging a J^-in hole by reaming to 
in has been found to remove all the injurious effects of punching. One 
method practiced in the best work is to punch the holes Ji6 iu less in diameter 
than the diameter of the rivets, and to ream them to a diameter in 
greater, after the parts are assembled and bolted together. This removes the 
greater part of the injury from punching and corrects the alinement of the 
holes. (See Table XI, Chapter XI.) 

Drift-Pins. When the alinement of a hole is such as to prevent the insertion 
of the rivet, it is the practice in some shops to drive in a tapered drift-pin and 
distort the holes in some of the plates sufficiently to set the rivet. This causes 
local stresses and injury to the plates and should not be permitted. 

Shop-Riveting is done with powerful air or hydraulic riveting-machines 
which may exert a pressure of from 30 to 50 tons, sufficient to upset a perfect 
head on the projecting end of the shank and to completely fill the hole even 
though the alinement is imperfect. Contraction on cooling causes great pres¬ 
sure between the parts, so that it is probable that in good work the rivet is 
under little or no shearing-stress, the force being transmitted through the 
frictional resistance of the plates. 

Clearance. It is important that the designer place the rivets so they may 
be inserted from one side and pounded on the other for hand-work, or so that 
the machine may reach them for machine-riveted work. For example, the 
minimum distance from the inside face of the leg of one angle to a line of 
rivets in the other leg must not be less than 1 % in for rivets, 1 in for 
Ji-in rivets, etc. In general, a distance ¥% in greater than the diameter of 
the head should be allowed for clearance. 
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Inspection. The common imperfections in riveting are loose rivets and 
eccentric heads. Loose rivets may be detected by holding the hand against 
one side of the rivet-head and tapping the other side with a light hammer. 
If loose, a slight slip may be felt. The loose rivets should be marked to be cut 
out and replaced. The inspector should also carefully check open holes left 
for field-connections, and see that flattened and countersunk rivets are as 
called for, because such work may be done at less expense in the shop than in 
the field, where it may cause delay. 

The Failure of Riveted Joints may occur 

(1) In tension, by the tearing of the plate through the line of rivets (Fig. 8). 

(2) In shear, by the cutting of the rivets (Fig. 7). 

(3) In bearing, by the crushing of the plate in front of the rivets, the split¬ 
ting of the plate, or, in some cases, by the shearing out of the sections in front 
of the rivets. In a careful design of a joint the strength against failure by 
each of these methods must be investigated (Fig. 6 and Fig. 9). 
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Fig. 7 

Fig 8 

Fig. 9 


Figs. 6 to 9. Methods of Failure in Riveted Joints 


The Steps in the Design of any type of riveted joint are, (1) the selec¬ 
tion of the size of the rivet to be used, (2) the determination of its shearing 
and bearing strength and the use of the smaller value of the two to divide into 
the total load to be transmitted and thus determine the number of rivets, 
(3) the arrangement of the rivets in the plate and the investigation of its 
strength in tension at the dangerous section. 

The Size of Rivets is determined in part by shop-practice. Holes cannot 
be punched in plates which are thicker than the diameter of the punch. 
The following table gives the size of rivets used with plates of different 
thickness. Some specifications for structural work require all rivets to be 
% in, except where thick plates require larger ones. 


Thickness of plates 

H to Mo in 
H to H m 
l Vi6 to in 
Yt to 1 in 


Size of rivets 

% in 
Kin 
Vi in 
1 in 


Table II gives the shearing and bearing values for different sizes of 
rivets in plates of different thickness for six values of working stresses each. 
The lower stresses should be used in parts subject to live loads, and the 
higher stresses in parts subject to constant or dead loads only. The shear* 
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ing value is equal to the area of the rivet multiplied by the working stress; 
the bearing value is equal to the area of the projected surface under pressure 
multiplied by the working stress in bearing, or, if 

/ = the thickness of the plate; 
d = the diameter of the rivet; 
and Sb *■ the working stress in bearing; 

then the bearing value P « dtSb (2) 

The Shearing and Bearing Values may be taken directly from the tables. 
Care must be taken to follow the footnotes. 

Rivet-Proportions.* The following diagrams show various rivet-propor¬ 
tions, including the dimensions of shanks and of finished and countersunk 
heads. 



Dtam head - V/t diam of Depth of head - V% diam of 

shank+H'depth of head shank. Bevel of head - 60° 

-%odlam of.head 


Conventional Signs for Riveting. The following diagrams show some 
conventional signs for riveting: 


Two Full Heads 


Shop Field 

o • 


Countersunk Inside (Farside) and Chipped 



Countersunk Outside (Nearside) and Chipped 



Countersunk both Sides and Chipped 



•These proportions vary slightly at different mills and in different handbooks. 
American Bridge Company and Carnegie standards permit a depth of the head Hi less 
for the first three, Ha less for the next two, and ‘56 4 for the 1-in rivet. 
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Inside Outside 
(Farside) (Nearside) 


Both Sides 


Flattened to ^ in high or Counter¬ 
sunk and not Chipped 


Flattened to Y± in high 


Flattened % in high 


0QS 

<s>tm 


This system, designed by F C. Osborn, has for its foundation a diagonal 
cross to represent a countersink, a blackened circle for a field-rivet and a 
diagonal stroke for a flattened head. The position of the cross with respect 
to the circle, inside, outside, or on both sides, indicates the location of the 
countersink; and similarly, the number and position of the diagonal strokes 
indicate the height and position of the flattened heads. Any combination of 
field, countersunk and flattened-head rivets liable to be used may be readily 
indicated by the proper combination of the above signs. 
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Table n. Rivets * 

Shearing and Bearing Values 
Values in Pounds, all Dimensions in Inches 



H Inch Rivets- 

—Area . 1104 Square Inch 



c« 

Unit, Lb per Sq In 

7 000 

8 000 

9000 

10 000 

11 000 

12 000 

4 > 

Single Shear per Rivet 

770 

880 

990 

1 100 

1 210 

1320 

Double Shear per Rivet 

1 540 

1 760 

1 980 

2 200 

2 420 

2 640 



1 

030 

i 

130 

1 

550 , 

i 

690 

2 

060 

2 

250 

2 


2 

810 

3 


3 

380 


Unit, Lb per Sq In 
Single Shear per Rivet 
Double Shear per Rivet 

7 000 

1 370 

2 750 

Unit, Lb per Sq In .. 

14 000 



11 000 

2 160 

4 320 

12 000 
2 360 
4 710 

22 000 

24 000 


l 310 | i 500 
2 000 

2 500 

3 000 


2 060 2 230 

2 750 3 000 

3 440 3 759 

4 130 4 500 


3 060 3 500 3 940 4 380 4 810 5 250 

3 500 4 000 4 500 5 000 5 500 6 000 



11 000 

12 000 

3 370 

3680 

6 750 

7 360 

22 000 : 

24 U00 

i 

2 580 

2 810 

3 440 

3 750 

4 300 

4 690 

5 160 

5 639 

6 020 

6 560 

6 880 

7 500 

7 730 

8 440 

8 590 

9 380 


Values below dotted lines are greater than double shear. 


* From Pocket Companion, Carnegie Steel Company, Pittsburgh, Pa. 
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Table II (Continued). Rivets * 



Shearing and Bearing Values 
Values in Pounds, all Dimensions in Inches 


Inch Rn ets—A rea .4118 Square Inch 


Unit, Lb per Sq In 


8 000 

9000 

3 530 

3 980 

7 070 

7 950 

16 000 

18 000 

3 000 

3 380 

3 750 

4 220 

4 500 

5 060 

5 250 

5 910 

6 000 

6 750 

6 750 

7 590 

7 500 

8 440 


9 000 10 000 11000 12 000 

3 980 4 420 4 860 5 300 
7 950 8 840 9 720 10 600 


Unit, Lb per Sq In 
Single Shear per Rivet 
Double Shear per Rivet 

7 000 

4 210 

8 420 

Umt, Lb per Sq In 

14 000 




3 500 3 940 

4 380 4 920 


10 000 

11 000 

6 010 

6 610 

12 030 

11 230 



Unit, Lb per Sq In 7 000 
Single Shear per Rivet 5 500 
Double Shear per Rivet 11 000 



9 000 

10 000 

7 070 

7 850 

14 140 

15 710 



Values above upper dotted lines are less than single shear. 
Values below lower dotted lines are greater than double shear. 


From Pocket Companion, Carnegie Steel Company, Pittsburgh, Pa. 
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Table HI. Length of Field-Rivets for Various Grips. Length of 
Rivet-Shank to Form Head 

American Bridge Company Standard. Dimensions in Inches 
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Use of Riveted Joints. Riveted joints are used in building-construction: 
(1) in tie-bar splices, (2) in floor-beam connections, (3) in the joints of 
trusses, (4) in riveted girders, and (5) in column-connections. 





Fig. 10. Lan-joint Fig. 11. Butt-joint with Single Cover-plate 


Splicing of Tie-Bars. Tic-bars may be spliced by a lap-joint (Fig. 10); 
by a butt-joint with a single cover-plate (Fig 11); or by a butt-joint 

with two cover-plates (Fig. 

12 ). 

The Butt-Joint is symmet¬ 
rical and more efficient than the 
others because of the absence 
of any tendency to bend when 
under a load. The net area of 
the cover-plates at the section 

Fig. 12. Butt-joint with Two Cover-plates through the rivets at the end of 

the main plate must be equal to 
the net area of the main plate through the rivets at the end of the cover-plate. 
Fig. 14 shows a better arrangement of rivets than that in Fig. 13, because less 
area is removed at the critical section of the cover-plates. In some cases it 
may be necessary to make the 
aggregate thickness of the 
cover-plates greater than the 
thickness of the main plates. 

A joint with one line of rivets 
19 said to be single -riveted, 
one with two lines double- 
RIVETED, and one with more Fig 13. Cover-plate. Six Rivets at Critical Section 
than two lines, chain-riveted. 

Example 2. It is required to determine the number of rivets in the splice 
of a 12 by J^-in tie-bar which is subject to a tensile force of 65 000 lb, allowing 
10 000 lb per sq in in shear and 18 000 lb per sq in in bearing. 




Solution. Assume the load to be constant and a lap-joint like that in 

Fig. 15; also, assume %-in rivets. 
The value in shear of one rivet is 
found to be 4 420 lb in Table II, and 
the bearing value against a J^-in 
plate 6 750 lb. The number of 
rivets is determined by the shear to 
be equal to 65 000 divided by 4 420, 
Fig. i4. Cover-plate Four Rivets at Crit- or fifteen. Since sixteen rivets are 
ical Section required to complete a figure smaller 

tyut similar in arrangement to that shown in Fig. 15, this number is used. 
There is some latitude possible in the spacing of the rivets, but with a width 
qf 12 in, the horizontal gauge-lines are placed lj^ in apart for symmetry. 
If the pitch P t as shown in Fig. 15, is required to be three times the diameter 
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of the rivet, this diagonal pitch across the rivet-spacing must be -2.25 in, or 
greater. The length of the horizontal or third side of the right-angled triangle, 
having an hypotenuse of 2.25 
in and a vertical altitude of 
1.5 in, is 1 68 in, which requires 
that this distance ED , etc., be 
1.75 in, if measured in multi¬ 
ples of 34 in. 

Floor-Beam Connections. 

The two following examples il¬ 
lustrate common types of floor- 
beam connections. 

Example 3. It is required to Fig. 15. Rivet-spacing in Cover-plate 

determine the number of %-in 

rivets to connect a 10-in 25.4-lb I beam supporting 24 000 lb to a 15-in 42.9-lb 
I beam, using a shearing-stress of 10 000 lb per sq in and a bearing-stress of 
18 000 lb per sq in. 

Solution. From the table of properties of standard I beams, the thickness 
of the web of the 10-in 25 4-lb beam is found to be 0.31 in, say in, and of the 
15-in 42-lb beam, 0.41 in, say J4 6 Referring to Table II, the bearing values 
for a *)£-in rivet for these thicknesses of webs are respectn ely 4 220 lb and 
5 010 lb. The shearing value of the rivet is 4 420 lb. The rivets in the 10-in 
beam are in double shear; hence the bearing value governs. The number of 
rivets, then, is 12 000, the end-reaction divided by 4 220, or 3. For the 15-in 
beam the shearing value is less, and the number of rivets required is 12 000 
divided by 4 420, or 3 Hence two standard connection-angles, 6 by 4 by % in 
and 5 in long, may be used Each has three holes in one leg and two in the 
other. The leg with three holes is placed on the 10-in beam with the rivets in 
double shear, and the leg with two holes is connected to the 15-in beam; thus, 
in the latter case there are four rivets where only three are required for 
strength. They are driven in the field during the erection of the structure 
and the working stress is accordingly made less in most specifications because 
of the better work possible with the heavy machines used in shop-work, than 
with the tools available in the field. 

Example 4 . It is required to determine the number of %-in rivets in a 
4 by 4 by %-in angle-bracket attached to an 18-in 54.7-lb beam and support¬ 
ing a 10 by 12-in wooden beam on which there is a load of 18 000 lb. 

Solution. The rivets are in single shear with a shearing-resistance of 4 420 
lb, taken from Table II The thickness of the web of the I beam is Me in, 
giving a bearing value of 5 910 lb Dividing 9 000 lb, the end-reaction, by 
4 420 lb, the controlling value, we find that two rivets are insufficient. The 
bracket may be fastened with three %-m rivets with a spacing of 4 in. Two 
I'S-in rivets are sufficient to hold the bracket. 

Rivets in Plate Girders. The methods of determining the rivets in plate 
and box girders are given in Chapter XIX. 

Bending Stress in Rivets. While the bending strength of pins at the 
joints of articulated trusses is always investigated, this is never done in the 
case of rivets. A hot rivet properly driven is, when cold, under a tensile 
stress which is nearly equal to the elastic limit of the material. This causes 
great pressure between the plates and a consequent frictional resistance to 
movement, which, under the usual conditions, equals the allowed sheanng- 
force on the rivet; and so, until an initial slip occurs, there can be no bend- 
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ING stresses m the rivet. In the case of very long rivets driven in holes 
where there is an imperfect alinement of the plates and a consequent difficulty 
in making the rivets fill the holes completely, it is not probable that any large 
bending stresses can occur in the rivets of a structure This has been avoided 
in a few structures for which long taper rivets were specified to be used in 
holes reamed with tapered reamers, thus insuring a perfect filling of the 
holes. 

Working Stresses. Table II includes the stresses used in good practice for 
various conditions. The American Railway Engineering Association speci¬ 
fications for Steel Railway Bridges give a shearing value of 12 000 lb per 
sq in on shop-driven rivets and 10 000 lb per sq in for field-driven rivets; 
they give a bearing value of 24 000 lb per sq in for shop-driven rivets and 
20 000 lb per sq in for field-driven rivets. M. S. Ketchum’s specifications for 
Steel Highway Bridges give the same values. 

In the Philadelphia Building Code (1929) the shear allowed on power- 
driven rivets is 13 500 lb per sq in, and on hand-driven rivets 10 000 lb per 
sq in, while the bearing on power-driven rivets in single shear is 24 000 lb 
per sq in, and on hand-driven rivets 16 000 lb per sq in. 

3. Strength of Pins in Trusses * 

Truss-Pins. In the design of the pins at the joints of trusses the stresses in 
shear, bearing, and flexure or bending must be investigated. 

The Shearing-Force at any section of the pin is the algebraic sum of all 
the forces acting on the pin on either side of the section. The stress is con¬ 
sidered to be uniformly distributed over the cross-section of the pin. When 
the forces do not act in the same plane they must be resolved into vertical and 
horizontal components anil the resultant of these components taken as the 
shear at any desired section. This may be done by the principles of graphic 
STATrcs, or by trigonometrical and algebraical methods, the graphic 
method being, for some, the more rapid. 

The Bearing Area on the pin is taken as the projection of the area of 
contact, the area of this projection being equal to the diameter of the pin 
multiplied by the thickness of the plate. The bearing is assumed to be uni¬ 
formly distributed; hence for any load the intensity of the pressure may 
decreased by increasing the thickness of the plate or the diameter of the pin. 

The Bending Moments on the pin may be found by the principle of 
moments or by methods involving the principles of graphic statics explained 
in Chapter IX in finding the bending moments of beams. The forces are con¬ 
sidered to be concentrated at the middle of the bearing-plates. If they do not 
lie in a plane with the pin they must be resolved into their vertical and hori¬ 
zontal components and these component forces in the two planes treated sepa¬ 
rately. The resultants in both planes at any section may be combined and a 
single resultant force acting on the section obtained, and also the consequent 
stresses due to it. 

In the Method of Moments a section is taken at each force in succession 
and the moment of the forces about a point in the section found, due consider¬ 
ation being given to the direction of turning. This is done at each force on 
one side of the pin, if the bars are arranged symmetrically, and in both the 

•Since the introduction of rolled-steel shapes and riveted joints, pin-joints for trusses 
of moderate span in buildings have fallen into disuse. The general principles of their 
design, however, are given here. 
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Table IV. Pins* 

Bearing Values in Pounds on Metal One Inch Thick 
Bearing Value =* Diameter of Pm X Bearing Stress per Square Inch 





* From Pocket Companion, Carnegie Steel Company, Pittsburgh, Pa. 








460 Resistance to Shear, Riveted Joints. Pins and Bolts [Chap. 12 


Table V. Pins* 

Bending Moments in Inch-Pounds 

Bending Moment = (Diameter of Pin) 3 X 0.098175 X Stress per Square Inch 





Remarks. The following is the formula for flexure, M — SI/c, with the reductions 
made to adapt it to a beam of circular section: 

M - Sird */32 * SAdfi 

M — the moment of forces for any section through the pin; 

S — the stress per sq in in extreme fibers of pin at that section; 

A »■ the area of the section; 
d =» the diameter; 
t ** 3.14159. 

The forees are assumed to act in a plane passing through the axis of the pin. 

The above table gives the values of M for different diameters of pin, and for seven 
values of S. 

If the maximum value of M is known, an inspection of the table will show what the 
diameter of the pin must be so that S will not exceed 15 000, 18 000, or 20 000 lb, as 
the requirements of the case may be. 

* From Pocket Companion, Carnegie Steel Company, Pittsburgh, Pa. 

























































Art. 31 


461 


Strength of Pins in Trusses 


vertical and horizontal planes. Inspection of the results will usually indi¬ 
cate which section has the greatest resultant moment when the horizontal 
and vertical components, II 
and V , are combined. This 
is done by using the formula 
R2 a JJ2 4 . yt since, graph¬ 
ically, the resultant R is the 
diagonal of the rectangle on 

H and V . Example 6 Ulus- ... ^ 

trates the method for the con- ^ m-join 

dition of inclined forces acting on the pin. In Example 5 the same 
method is employed to determine the size of the pin in a simple joint. 



... n—n 
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Example 5. It is required to determine the size of the pin for the joint 
shown in Fig. 16 in the lower chord of a steel truss. The middle bar is a ver¬ 
tical suspension-rod to hold the chord in place. 


Solution. Beginning at the section between the outer bars, the algebraic 
sum of the forces on either side of the section is 40 000 lb, hence this is the 
shear. At the section next to the suspender the sum is zero; therefore there 
is no shear at the middle of the pin. The bearing pressure is 40 000 lb. Its 
intensity depends on the diameter of the pin and the thickness of the bars. To 
find the bending moment on the pin the forces arc considered concentrated at 
the middle of the bars and moments taken about sections through the forces. 
The moment at the section through the second bar is 40 000 lb X 1 in, equal 
to 40 000 in-lb. If moments art taken about a point between the inner forces 
the same result is obtained. From Table V it is found that a 2%-in pin at 
24 000 lb per sq in is sufficient. From Table IV the bearing value of a 2%-in 
pin is found to be 66 000 lb at a stress of 24 000 lb per sq in. The shearing 
value of this pin is 5 940 X 12 000 ~ 71 300 lb. In this case the diameter 
of the pin is determined by the bending stress, but it is necessary to investi¬ 
gate the other stresses to be sure of the correct size, especially in case of 
heavy bearing-plates. 

Bending Moments on Pins. The finding of the bending moment due to 
the forces acting on a pin is usually the most difficult part of the work of deter¬ 
mining its proper size. In the case of a simple pin, properly packed and lying 
in the plane of the forces acting on it, the greatest moment is usually the 
product obtained by multiplying the outer force by the central distance 
between the outer bars; but when the forces act in several planes the work is 
more complicated. The graphical method illustrated m the solution of the 
two following examples has some advantages; but the method of moments 
applied at the end of the solution of the first example is equally rapid in 
practiced hands and capable of greater refinement in the results. 

Example 6. It is required to find the bending moment on the pin of the 
joint, one-half of which is shown in Fig. 17. The bars are each 1 in thick, 
the channel of the vertical member H in thick and the center of the hanger 
is J 4 in from the center of the channel. 

Solution. Since the joint is symmetrical it is necessary to construct but 
one-half of the force-diagram and equilibrium-polygon which really apply to 
the joint. From the conditions of equilibrium of forces, the vertical com¬ 
ponent of the inclined force is upward, and equal to the sum of the downward 
forces, 34 000 lb; and its horizontal component acts with the 60 000 -lb force, 
to the amount of 17 000 lb, a sufficient amount to close the force-diagram. 
The following construction is special, in that but one-half of the entire graph- 
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ical diagram is shown. This is made possible because of the symmetry of the 
joint, the bending moment being constant over the middle of the pin. 

In the diagram (Fig. 18) A B is drawn at an angle of 45° with the horizontal, 
and commencing at c, the distances are laid off to scale between the bars, and 
the lines 1-2, 2-3, etc., drawn parallel to the forces they represent at the joint. 
The oblique force is resolved into its components 1-4 and 1-5. 

The stress-diagram (Fig. 19) is drawn as follows: On a horizontal line the 
forces are laid off to scale in the order they occur on the pin, 1-2, 2-3, 3-4 and 
4-1, the closing of the diagram being a check on the correctness of the value of 
the forces. Beginning at l, 1-5, 5-6 and 6-1 are laid off to scale, parallel to 




Fig 19 



Figs 17 to 20 Pin-joint and Moment-diagrams 


the forces in the vertical plane. From 1 the line 1-0 is drawn at an angle of 
45°, for convenience in making good intersections, and equal to a convenient 
number, say 20 000 lb, in the same scale to which the loads are drawn. The 
point O is the pole of the stress-diagram, the pole-distance being 20 000 lb. 
From the principles of graphics the bending moment at any point on the pin 
is equal to the intercept between the proper ray of the equilibrium-polygon 
and the closing line, multiplied by the pole-distance. To complete the figures, 
0-2, 0-3 and 0-4 are drawn from O, and from c cd is drawn parallel to 0-2, de 
parallel to 0-3, ef parallel to 0-4 and fk parallel to 0-1. In the same way 
rs is drawn parallel to 0-5, si to 0-6 and tv to 0-1. Then according to the 
above principles, the moment at any section due to the forces in the horizontal 
plane is proportional to the ordinate at that section drawn from the line AB 
to the line edefk bounding the equilibrium-polygon; and the moments due to 
the vertical forces are proportional to the ordinates drawn to the line rstv , the 
numerical value being the length of the ordinate times 20 000 , the pole- 
distance. Where both moments are present, the resultant or true moment is 
proportional to the hypotenuse of the right-angled triangle having for its sides 
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the ordinates in the two planes at the point in question. At X this is shown 
by the line mn. This measures 2.42 in, and being the longest diagonal or 
hypotenuse that can be drawn in the figure, it follows that the maximum bend¬ 
ing moment on the pin is 2.42 X 20 000 ** 48 400 in-lb. 

To find the effect of changing the arrangement of the members on the pin, 
it may be assumed that the inclined bar is placed outside the inner chord-bar. 
The horizontal stress-diagram then becomes 1 - 2 , 2-3, 3-4', 4'-l. The equi¬ 
librium-polygons become cdef'k' and r's't'w, as shown in Fig. 20. In these 
polygons the longest diagonal measures 3% in, which gives a bending moment 
of 3Ji in X 20 000 lb =» 75 000 in-lb, showing that the arrangement of the 
eye-bars in Fig. 17 is better. As a rule the bending moment is less when those 
forces that oppose each other are placed together. It may be further reduced 
by making the outside bar one-half the thickness of the main horizontal bars. 

To check by the method of moments the value of the maximum bending 
moment obtained by the graphic method for the first arrangement, the mo¬ 
ments of the forces in the horizontal plane are taken about r. This gives 
Mfi - 38 5001b X 3.0 in + 38 5001b X 1.0 in - 60 0001b X 2.0 in 
= 34 000 in-lb, 

which is the value of the moment in the horizontal plane across the middle of 
the pin. 

In the vertical plane moments are taken about a point /, giving 
Mi = 34 000 lb x 1 5 in - 22 000 lb X 0.75 in 
~ 34 500 in-lb 

From these component moments the resultant maximum bending moment is 
M - V34 0002 + 34 5002 _ 48 400 in-lb 

Example 7. Another illustration of the graphical method of finding the 
bending moment on a pin is given for the joint A of the truss-diagram shown 
in Fig 21 . Fig. 22 shows the arrangement and size of the members. The 
stresses given in Fig 21 are for one-half the number of members at the joint. 
As in Example 6 , the symmetrical arrangement makes it unnecessary to 
draw more than one-half of the force-polygon and equilibrium-polygon. The 
web of the channel is reinforced to make it in thick. 

Solution. The line A B (Fig 24) is drawn at an angle of 45° and ah, etc , 
are laid off to scale, equal to the distances between the members. At each 
point of application of a force a line is drawn parallel and to scale, to represent 
that force. The inclined forces are then resolved into their horizontal and 
vertical components. The force-diagram (Fig. 23) is then drawn, the hori¬ 
zontal forces being laid off to scale in the order in which they occur, 1-2, 2-3, 
3-4 and 4-1. The pole-distance is then laid off at an angle of 45° and equal 
to 20 000 lb to the same scale of forces. The pole 0 is then joined with 2 , 3, 
4 and 1 . Then in Fig. 24, ab is drawn parallel to 0-2, be to 0-3, cd to 0-4 and 
de to 0-1. In the same way the line hjkB is drawn. From inspection it is 
seen that hb is the longest intercept, even longer than any diagonal that may 
be drawn from the extremities of the horizontal and vertical intercepts at 
any point along A B. To the same scale that makes 0-1 represent 20 000 lb, 
hb represents 31 800 in-lb; therefore the bending moment on the pin is 
31 800 in-lb. In Table V a pin 2^4 in in diameter, at a fiber-stress of 20 000 
lb per sq in, has an allowable moment of 40 800 in-lb, and in Table IV a 
bearing value on 1 in of 33 000 lb. A force of 31 800 lb on % in is equal to 
42 400 for a 1-in bar; so it is necessary to use a larger pin to accommodate 
the bearing requirement. From Table IV a pin 3j^ in in diameter is found 
to be about 1% scant. The shearing value of this pin is 9.621 X 12 000 
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-•115450, which is more than three times the load, so, again, it is the bearing 
that controls the size of the pin. If the thickness of the bars is increased 
the diameter oi the pin may be reduced to 3 in. 



Figs. 21 to 24. Force-polygons and Equilibrium-polygons for Bending Moments on 

a Pin 

4. Strength of Bolts in Wooden Trusses and Girders 

The Working Stresses for Bolts on which Table VI and Table VII are 
computed are based on a factor of safety of five applied to the average of 
many tests on dry timber. In some specifications it is permitted to increase 
the bearing pressure between timber and bolts as much as 50% above that 
permitted for short struts. The values in the tables are somewhat less than 
the tests on large trusses made at the Massachusetts Institute of Technology. 
Table VIII gives the allowable maximum tension, shear and bending moments 
for wrought-iron and steel bolts. 

Kinds of Stress in Bolts. Bolts in wooden trusses are subject to the 
same kinds of stress as the rivets and pins in steel structures. When* the 
pieces joined are less than 2 in thick and the bolts are tightly drawn up so as 
to develop considerable frictional resistance between the pieces, the bolts are 
proportioned to resist the total force in shear and in bearing. When the 
pieces are more than 2 in thick the bending is taken into account and the 
bolts must be investigated for stresses in shear, in bearing and in bending. 
The shear is assumed to be uniformly distributed over the cross-section of 
the bolt, and the bearing area is the area of the projection of the bolt on the 
timber, which area is equal to the diameter of the bolt multiplied by the length 
in contact. The bearing strength is given as a property of the bolt although 
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its value depends upon the crushing strength of the timber. The bending 
moment on the bolt is found in the same manner as for pins in steel trusses, 
although the cases are usually less complicated. 

Illustrations of the Use of Bolts. The principles involved in the use of 
bolts in wooden trusses and girders and in the use of the tables may be best 
illustrated by the solution of examples in each of the following cases: 

(1) Bolts in tie-beams, thin pieces. 

(2) Bolts in girders to support brackets. 

(3) Bolts as pins in the joints of trusses. 

(4) Bolt-and-strap joints in trusses. 

(5) Bolts under tension to hold the foot of a rafter. 

See, also, “Joints in Wooden Trusses ,” Chapter XXVI. 

Case 1. Bolts in Tie-Beams, Thin Pieces. Tie-beams of wooden trusses, 
when longer than 30 ft, are usually made up of a number of pieces. This con¬ 
struction is cheaper than the use of a single stick. Two-inch planks bolted 
together are generally used. The location of the joints in the courses of 
planks and the number and size of the bolts are the special considerations in 
the design of such a joint. In general, the joints in adjacent courses are 
placed as far apart as possible and not more than two joints are placed oppo¬ 
site each other in the same section. The simplest case is that of a plain fish¬ 
plate joint like a common butt-joint with two cover-plates as shown In 
Fig. 12. The number of bolts for such a joint is found in the same way as 
the number of rivets in steel tie-bars. The bolts must be spaced as required 
in the second column under each timber in Table VI to provide against shear¬ 
ing in front of the bolt. 


Table VI.* Safe Bearing Value of Bolts per Inch of Length Parallel 
to the Grain in Timber and Distance from Center to Center of Bolts 
or to End of Timber 


Diam¬ 
eter of 
bolt, 

Long-leaf 
yellow pine 

White pine 
and short-leaf 
yellow pine 

Douglas fir 

White oak 

Bearing 


Bearing 


Bearing 


Bearing 


at 1 400 

Dis- 

at 1 100 

Dis- 

at 1 200 

Dis- 

at 1 400 

Dis- 

in 

lb per 

tance, 

lb per 

tance. 

lb per 

tance, 

lb per 

tance, 


sq in, 
lb 

in 

sq in, 
lb 

in 

sq in, 
ib 

in 

sq in, 
lb 

in 

4 

1 050 

44 

825 

54 

900 

44 


34 

H 

1 225 

5 

960 

5*4 

1 050 

5 

1 225 

4 

1 

1 400 

5K 

1 100 

G4 


sy 2 

1 400 

4.4 


1 575 

6 H 

1 237 

74 


64 

1 575 

5 


1 750 

7 

1 375 

8 


7 

1 750 

54 

m 

1 925 

74 

1 512 

9 

1 650 

7*4 

l 925 

64 

14 


m 

1 650 

94 

1 800 

84 

2 100 

64 

IK 

2 450 

10 

1 925 

11?- 2 

1 950 

9X 

2 450 

74 

2 

2 800 

n)i 

2 200 

13 

2 400 

H4 

2 800 

9 


3 150 

124 

2 475 

14 s 4 

2 700 

124 

3 150 

10 

2\i 

mm-uim 

144 

2 750 

16,4 

3 000 

14 

3 500 

114 

24 

3 850 

i SK 

3 025 

18 

3 300 

154 

3 850 

124 

3 


17 

3 300 

19 

3 600 

17 

4 200 

134 


The distance from the end is equal to the diameter of the bolt plus the length on which 
twice the shear is equal to the bearing value of the bolt against the end-fibers. 


• See, also, Chapter XXI. 
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Table VII. Safe Bearing Value of Bolts per Inch of Length Across 
the Grain in Timber 


Diameter 
of bolt, 
in 

Long-leaf 
yellow pine, 
lb 

Short-leaf 
yellow pine 
and Douglas 
fir, lb 

White pine, 
lb 

White oak, 
lb 

X 

262 

187 

150 

375 

X 

306 

218 

175 

437 

1 

350 


200 

500 

m 

394 

281 

225 

562 

IX 

437 

312 

250 

625 

i X 

482 

343 

275 

687 

IX 

525 

375 

300 

750 

IX 

612 

437 

350 

875 

2 



400 

1000 


Table VIII. Maximum Allowable Tension, Shear and Bending 
Moment for Wrought-Iron and Steel Bolts 


(Shear is computed on the section under Shear, which is the full area.) 


Diam¬ 
eter of 
bolt, 
in 

Net 
area, 
sq in 

Wrought iron 

Steel 

Tension 
at 12 000 
lb per 
sq in, 
lb 

Shear 
at 7 500 
lb per 
• sq in, 
lb 

Bending 
moment 
at 15 000 
lb per 
sq in, 
in-lb 

Tension 
at 16 000 
lb per 
sq in, 
lb 

Shear 
at 10 000 
lb per 
sq in, 
lb 

Bending 
moment 
at 20 000 
lb per 
sq in, 
in-lb 

X 

0.302 

3 620 

3 310 

620 

4 830 

4 420 

830 

X 

0 420 

5 040 

4 510 

980 

6 720 

6 010 

1 310 

l 

0.550 

6 600 

5 890 

1 470 

8 800 

7 850 

1 960 

IX 

0.694 

8 328 

7 460 

2 100 

11 100 

9 940 

2 800 

ix 

0.893 

10 716 

9 200 

2 880 

14 290 

12 270 

3 830 

IX 

1.057 

12 680 

11 140 

3 830 

16 910 

14 850 

5 100 

IX 

1.295 

15 540 

13 250 

4 970 

20 720 

17 670 

6 630 

IX 

l 746 

20 930 

18 040 

7 890 

27 910 

24 050 

10 500 

2 

2.302 

27 620 

23 560 

11 800 

36 830 

31 420 

15 700 

2X 

3 023 

36 280 

29 820 

16 800 

48 370 

39 760 

22 400 

2X 

3.719 

44 630 

36 820 

23 000 

59 510 

49 090 

30 700 

2X 

4.620 

55 430 

44 550 

30 600 

73 910 

59 400 

40 800 

3 

5.428 

65 140 

53 010 

39 800 

86 850 

70 690 

53 000 

3X 

6 510 

78 120 

62 220 

50 600 

104 160 

82 960 

67 400 


Example 8 . A typical tie-beam used as a lower chord of a Howe truss is 
shown in Fig. 25. It is 50 ft long, of Douglas fir and subject to the tension in 
the different panels shown in the figure. 

Solution. The thickness of the plank is drawn out of scale in the figure to 
show the joints more clearly. The black circles show the vertical tension- 
rods, which so nearly cut the middle plank in two that it is not considered a 
part of the tensile member. The arrangement of the planks and the lengths 
to be used must be determined for each case. In the one shown there is but 
one splice in the middle panels where there is the greatest tension. The dis- 
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tance XY is 12 ft, which is about as small as will serve for the transfer of the 
tension from A' to B. In this beam the two outer planks, A and A\ must be 
large enough to resist the whole tensile stress in the middle panels because of 
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Fig. 25. Plan of Built-up Tie-beam 


the joints in B and C. At the inner end of the second panel there is 58 000 lb 
tension which must be carried to the end of the first panel. Because of the 
joints in A and A' this must be transmitted to B and C in order to pass the 
point X. 

Assuming that 29 000 lb, one-half the tension, is carried on plank A to be 
transmitted to C by the shear and bearing on the bolts, and dividing this by 
7 850 lb, the allowable shear on a 1-in bolt, four bolts are found to be neces¬ 
sary. But the bearing value of a 1-in bolt in Douglas fir 2 in thick, is only 
2 400 lb, which makes twelve bolts necessary. These are required in the dis¬ 
tance XY , 12 ft. 

From the distances in Table VI it is found that the end-bolts must be 5% 
in from the ends of the planks, say 6 in; this leaves 11 ft, in which distance 
eight bolts are to be arranged. If four bolts are placed in pairs, two at each 
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Fig. 26. Elevation of Beam Opposite X of Fig. 25 


end, as shown in Fig. 26, the intermediate spaces are 14% in. The bolts bind 
the beam together better if they are staggered, as indicated in Fig. 26, and 
not placed on the middle line. 

The number of bolts mentioned is sufficient to make the splice, but there 
should be bolts in the distance Y Y\ and between the ends and X and X', to 
bind the planks together. These need not be as large or as close together as 
the others; %-in bolts spaced 2 ft are sufficient. There should be two bolts 
at the end of the beam. Each bolt should be driven through a hole of the 
same size as the bolt and the nuts should be screwed up tight. 

Case n. Bolts in Girders to Support Brackets. The construction shown 
in Figs 27 and 28 is commonly used in cases in which the requirements do not 
allow the girder to project its full depth below the joists. The bolts 9hown in 
Fig. 27 must be investigated for bearing and shear, and those shown in 
Fig. 28 for bearing, shear and bending. In either case the shearing value 
of the bolt in single shear must equal or be greater than the greater of the forces 
5 or S’. 
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The bearing per inch on the wood of the girder, when B is in inches, is 

(S + S')JB 

This must be kept within the values given in Table VI for the timber used. 
For the case shown in Fig. 28 the bending moment in pound-inches is 

M - SLI 2 or M - S'L/2 


whichever is the larger. B and L are measured in inches and S in pounds. 



Fig. 27 Fig. 28 

Figs. 27 and 28. Bolts Supporting Brackets on Girders 


Example 9. For the construction shown in Fig. 27 it is required to deter¬ 
mine the number and size of bolts, the Douglas fir girder being 8 by 14 in, with 
a span of 14 ft, and the Douglas fir joists 3 by 12 in, with a span of 20 ft, center 
to center of girders. The floor-load, including the floor, is 60 lb per sq ft. 
The angles are 4 by 3j^ by % in. 

Solution. The floor-area supported by the girder is 14 by 20 ft. At 60 lb 
per sq ft, the load is 14 X 20 X 60 - 16 800 lb. The load S, on one side, is 
8 400 Kb. 

A J^-in bolt has a shearing-value of 4 420 lb. Hence two bolts are neces¬ 
sary to satisfy the shearing condition. The bearing value of the bolt in the 
wood, across the grain, is, from Table VII, 187 lb per inch of length, or 1 496 
lb for the width of the girder. The number of bolts required, then, is 16 800 
divided by 1 496 or approximately 11, which gives a spacing of about IS in. 

Example 10. In the construction shown in Fig. 28, the girder is 6 by 14 in, 
of Douglas fir and has a span of 12 ft. The joists are 2 by 12 in and have an 
18-ft span, center to center of girders. The floor-load is 65 lb per sq ft. 
There are 3 by 4-in strips on the sides of the girder. The distance I, is 3 in. 
It is required to find the number and size of bolts to be used. 

Solution. The total load on the girder is 

12 X 18 X 65 - 14 040 lb 
S ~ 7 020 lb 

The bearing load per inch of thickness of the girder is 


14 040 
6 


2 340 lb 


The bending moment on one side of the girder is 


7 020 X 3 
2 


10 530 in-lb 


mnce the force 5 acts at the center of pressure on the bracket-strip, 1in from 
the edge of the girder. 
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The shear is 7 020 lb, which requires two %-in steel bolts at 4 420 lb for 
one as given in Table VIII. 

The bearing (Table VII) on a %-in bolt is 187 lb per inch of length; there¬ 
fore it requires thirteen bolts for bearing. 

The allowable bending moment on a %-in steel bolt is 830 in-lb, from Table 
VIII. To take care of the 10 530 in-lb requires thirteen bolts. A J^-in 
steel bolt has an allowable 
bending moment of 1 310 
lb-in, making eight of them 
sufficient. The 3 by 4-in 
pieces may be held in place 
by thirteen %-in bolts spaced 
11 in on centers, if two of 
them are placed 6 in from the 
ends. 

Case III. Bolts as Pins 
in the Joints of Trusses. For 

ties or struts joined by 
bolts in the manner indicated 
in Figs. 29, 30 and 31 and 
having the thickness B ex¬ 
ceeding 2 in, the diameter of 
the bolt or the number of 
bolts must be computed for 
SHEARING, BEARING and 
FLEXURE. 

For any of these joints the 
forces are as follows: Fig. 2 g. Bolt through Rafter and Tie-beam 

The single shear - S/2 
On the sections between B and B' (Fig. 30) 

The bearing on the pin per inch of length =* S/B or S'IB' 

The greater is to be used. 

The bending moment - SL/ 12 on the assumption of a continuous beam, 
uniformly loaded. 

If there are more bolts than one, the quantities obtained by the above 

formulas are to be divided by 
the number of bolts to find the 
part to be taken care of by one 
bolt. 

In Fig. 29, 5 is the horizontal 
component of the thrust T. 

Example 11. It is required to 
determine the diameter of a bolt 
Fig. 30. Bolt in Wooden Tie-bcara for a i° int l ike that shown in Fig. 

29. The rafter is 6 by 10 in, of 
Douglas fir, the tie beams 3 by 10 in, of the same material, the thrust in the 
rafter 30 000 lb, and its inclination 30°. 

Solution. The horizontal component of 30 000 lb at 30° is practically 
26 000 lb. Then S — 26 000 lb and the shear — 13 000 lb. B ■■ 6 in and 
L - 9 in. 

Bearing per inch of length on the bolt -* 26 000/6 ■» 4 333 lb 
Bending moment—26 000 X 9/12 -19 500 in-lb 
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In Table VIII, a 1%-in steel bolt is found to be necessary to resist a shear of 
13 000 lb, and a 2bolt for a bending moment of 19 500 in-lb. To resist 
4 333 lb end-bearing pressure on 1 in a larger bolt is required than is given in 
Table VI. Dividing 4 333 by 1 200, the allowable bearing on Douglas fir, a 
3%-in bolt is found to be necessary. This is larger than it is desirable to use, 
so the joint must be redesigned with a view to reduce the bearing pressure on 
the bolt. If an 8 by 8-in strut and 4 by 8-in tie-beams are used, B becomes 
8 in and £ 12 in. This gives 

Bearing pressure «= 26 000/8 = 3 250 lb per inch of length of the bolt 
Bending moment «=> 26 000 X 12/12 = 26 000 in-lb 


The total shear at the section on one side of the strut is the same as before. 

From Table VI it is found that a 2%-in bolt is large enough to provide for 
the bearing and that a 2j^-in bolt is sufficient for the bending as given in 
Table VIII. Hence if an 8 by 8-in strut is used, there must be a 2%-in bolt 
and the distance D must be 15j^ in (Table VI). 


Example 12. For the same construction as in Fig. 29 and the same con¬ 
ditions as in the first part of Example 11, it is required to determine the size 
of the bolts when it is necessary to use three. 
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Solution. The shear, bearing, and 
bending moment are the same as in 
Example 11, but because there are 
three bolts each quantity is divided 
by 3 to determine the force resisted 
by each. 

Shear * 13 000/3 - 4 333 lb and 
requires a %-in steel bolt (Table 
VIII) 

Bearing ■» 4 333/3 — 1 444 lb and 
requires a 1%-in bolt (Table VI) 
moment - 19 500/3 • 6 500 in-lb, and requires a 1%-in steel 


r*D-- 




Fig. 31. Bolts in Wooden Tie-beam 


Bending 

bolt (Table VIII). 

In this case the bending moment determines the size of the bolts, which 
may be arranged as shown by the dotted circles in Fig. 29. 


Example 13. It is required to determine the diameter of the bolt for the 
construction shown in Fig. 30, in which the inner beam is of Douglas fir and 
6 by 8 in in section, and the outer beams 3 by 8 in, the tension being 24 000 lb. 

Solution. 5 « 24 000; B «* 6 in; L = 9 in. 

Single shear on the bolt = 24 000/2 12 000 lb 

Bearing-pressure per inch of length of bolt - 24 000/6 - 4 000 lb 
Bending moment - 24 000 X 9/12 « 18 000 in-lb 


From Table VIII a 1%-in steel bolt is found sufficient to resist the shear, 
and a 2%-in bolt large enough to resist the bending. In Table VI the largest 
bolt considered, 3 in, is too small in bearing value. Dividing the load to be 
resisted by 1 200 gives 3% in as the diameter necessary to resist the bearing. 
The distance D must be 4 000/(2 X 130) + 3% in or 18% in. 

Example 14. If two bolts are used, one behind the other, it is required to 
determine the diameter of the bolt that should be used, the conditions and 
loading being the same as in Example 13. 
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Solution. Dividing the quantities obtained in Example 13 by 2, 

Single shear - 6 000 lb and requires a %-in steel bolt 

Bearing * 2 000 lb and requires a 2-in bolt 

Bending moment - 9 000 in-lb and requires a 1%-in steel bolt 

The allowable bearing on a 1%-in bolt is (23^%) less than the required 
amount, so that in general, since the other requirements are more than sat¬ 
isfied, the smaller bolt would be used. For the lj£-m bolt, the distance D 
is 9}^ in. The space between the bolts may be increased somewhat beyond 
the value given in Table VI and they may be located out of the same line as 
a further precaution against splitting. 

Case IV. Bolt-and-Strap Joints in Trusses. The construction shown in 
Fig. 32 is sometimes used to connect the foot of the rafter of a wooden truss 
to the tie-beam. When the distance D is sufficient to resist the shear due to 
the thrust of the rafter, the strap is of value only in holding the rafter in place, 
and there are no greater pressures brought upon the bolt. When it is 
impossible to make D the necessary length, the bolt and strap must be 
designed to resist the full force in the direction of the strap. 

As the strap is usually not more than from to % in thick, its width is 
such that the bearing between it and the rafter is small compared with that 
between the bolt and rafter. The forces acting on the bolt are the only 
ones that need consideration. These are. 

Single shear =» S/2 — the tension in the strap on one side 

Bearing pressure per inch of length = S(B , where B is the width of the 
tie-beam in inches 

Bearing pressure per inch of length between strap and bolt - S/2t. 

To find the value of S, the force-polygon is drawn as shown at the right 
in Fig. 32. T is drawn parallel to 
the rafter and with a length, to a 
convenient scale, equal to the thrust. 

From the end a an indefinite line is 
drawn parallel to the axis of the strap, 
and from b another line perpendicular 
to the seat of the rafter. These 
intersect at c, so that ac, measured 
by the same scale used in laying off 
2\ is the magnitude of the force S in 
the strap. If the rafter rests on top 
of the beam, be is vertical, but if the 
tie-beam is dapped, as shown by the 
dotted line, the line from b is drawn 
perpendicular to the bottom of the 
notch, making the intersection at c'. 

It is seen that notching the tiebeam in this way increases the stress m the 
strap. 

Example 15. It is required to determine the size of a strap and pin-bolt 
to hold the rafter without notching into the tie-beam of a long-leaf yellow-pine 
king-post truss. The rafter is 6 by 6 in, is inclined at an angle of 45° and is 
under a compressive stress of 18 000 lb. The tie-beam is 6 by 8 in in section. 

Solution. Since the inclination is 45°, a consideration of the force-polygon 
in Fig. 32 shows ab equal to ar, so that 

The force S - the thrust T - 18 000 lb 
Single shear on bolt -» 18 000/2 — 9 000 lb 



Fig. 32. Strap and Bolt at Foot of Rafter 


472 Resistance to Shear. Riveted Joints. Pins and Bolts [Chap. 12 


Tension in strap on one side — 9 000 lb 

Bearing pressure per inch of bolt against wood — 18 000/6 — 3 000 lb 
Bearing pressure in pounds per inch between strap and bolt — 9 000// 

in which t equals the thickness of the strap. 

The allowable pressure between the strap and the top of the rafter is 350 lb 
per sq in (Table VII) which, on the 6-in rafter, gives 

Allowable load per inch of width of strap — 6 X 350 — 2 100 lb 

The strap then must be 18 000/2 100 or 8.6 in wide. At 10 000 per sq in 
in tension the necessary section of the strap is 0.9 sq in, requiring a thickness 
of about 0.1 in, a sufficient thickness if the strap were strong enough to develop 
a uniform pressure over the rafter. It is not good practice, however, to use 
such thin material, because of the danger of loss of strength due to corrosion. 
No metal less than ^ in thick should be used in such places. 

The bearing-pressure per inch, between the strap and the bolt, for a J^-in 
strap - 9 000/% « 24 000 lb. 

The bolt, then, must take a single shear of 9 000 lb, a bearing pressure of 
3 000 lb against the wood for each inch of length, and a bearing of 24 000 lb 
per inch of length against the strap. From Table VIII a 1%-in steel bolt is 
sufficient to resist the shear, from Table IV a 2-in bolt is large enough to 
resist the bearing from the strap, and from Table VI a 2%-in bolt is found 
necessary to resist the 3 000-lb bearing from the wood per inch of length of 
bolt. This makes the 2%-in bolt satisfactory for the joint. 

The pressure from the bolt to the wood, however, is not parallel with the 
grain but inclined at 45°. The allowable pressure against wood across the 
grain is about one-fourth of that with the grain. According to the empirical 
formula, (r « q 4* (P — q) (0/9O) 2 , where r equals the permissible normal 
unit stress on the inclined surface, q that across the fibers, p that on the end of 
the fibers and 0 the angle the inclined surface makes with the direction of the 
grain), the allowable pressure per square inch for this case is 612 lb instead 
of the 1 400 per sq in allowed for direct compression with the grain. The 
reduced allowable pressure makes it necessary to use a 4.9-in bolt, say a 5-in 
bolt, which would be impracticable, for it would almost cut the tie-beam 
in two. It thus appears that this form of joint is not good design for a truss 

of this span. For shorter spans the 
joint may be made in accordance 
with the requirements given. It has 
the advantage of not presenting any 
projections below the tie-beam. 

Case V. Bolts in Tension to Hold 
the Foot of a Rafter. In the joint 
shown in Fig. 33 the bolt is subject 
to direct tension only. The amount 
of the tension S is found by the 
construction explained in Case IV. 
The rafter may be let into the tie- 
beam or rest on top of it, the tension 
in the bolt being less in the latter 
case; but it is easier to erect the 
truss if the rafter is notched into the beam from 1% to 1% ic for ordinary 
spans and loads, to hold it while the pieces are fitted. After .his is done, 
the holes may be bored exactly where required. 



Fig. 33. Bolt in Tension at Foot of Rafter 


Art. 4] Strength of Bolts in Wooden Trusses and Girders 


473 


Whenever S exceeds about 10 000 lb for trusses made of timber for which 
the highest bearing stresses are allowed, a cast plate, as shown in Fig. 34 and 
made to fit the inclination of the bolt, should be let into the tie-beam at the 
head of the bolt to distribute the pressure. The diameter of the hole for the 
bolt should be in larger than the diameter of the bolt. The distance D 
must be made sufficient to provide for the horizontal component of S , at the 
allowed working stress of the material for shear with the grain. 

The horizontal component is found by drawing a vertical line from c and a 
horizontal line from a and measuring ad to the scale of the diagram. For 
safety, this force must be less than the product of the distance D , the width of 
the beam and the allowed shearing-stress given in Table I. 

Example 16. For the same conditions as in Example 15, for the size of the 
members and the thrust in the rafter, it is required to determine the diameter 
of the bolt and the distance D for a joint of the type shown in Fig. 33. 

Solution. To find S, draw T equal to 18 000 lb, at a convenient scale, and 
parallel to the rafter. At a, draw an indefinite line perpendicular to the 
rafters and at b a line perpendicular to the seat of 
the rafter. This makes S greater than in Example 
15, as ac now scales 27 000 lb. From Table VIII a 
1%-in steel bolt is sufficient to take this in direct 
tension. The horizontal component found as directed 
above, scales 19 000 lb. The width of the tie-beam 
is 6 in, which at the allowed shearing-stress, 150 lb per Fig. 34. Special Washer 
sq in, gives 900 lb as the stress that must be cared for 

by each inch of D. 19 000 lb divided by 900 gives 21 in, the required dis¬ 
tance D. (See, also, Chapter XXVI, Joints in Wooden Trusses.) 

The compression against the grain on the end of the cast-iron washer must 
also be investigated. 19 000 lb divided by the width, 6 in, gives 3 166 lb that 
must be resisted per inch of width of beam. At 1 400 lb per sq in, as an 
allowable working stress, this makes it necessary to set the casting 2J4 h* 
into the lower side of the beam, which exceeds the depth usual in ordinary 
practice. Some tests made at the Massachusetts Institute of Technology on 
large trusses, and reported in 1897, indicated that for a test carried to 
rupture the stresses prescribed for usual designs might safely be more than 
doubled. Tests on timber under long-continued loading indicate that 
rupture finally occurs for stresses approximating one-half of those developed 
in tests carried to immediate failure. This, and the fact that decay 
may affect the strength of the members, emphasizes the wisdom of using 
conservative working-stresses in this material. 

Example 17. It is required to determine the size of bolts for the joint shown 
in Fig. 35, the thrust being 65 500 lb and the truss-members being made of 
long-leaf yellow pine. 

Solution. The tension in the bolts is found first by drawing the force- 
polygon as shown at the right in the figure. To the same scale that ab repre¬ 
sents 65 500, ac represents 96 500 lb. If the load is equally divided between 
the bolts, each has a tension of 48 250 lb. From Table VIII this force 
requires a 2j^-in steel bolt. 

The horizontal component ad is 68 350 lb, which must be resisted by the 
shearing strength of the wood between the end of the cast-iron washer on 
the under side of the tie-beam and the end of the beam resting on the wall. 
At 150 lb per sq in, this requires 68 350/150, or 455 sq in. If the beam is 
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8 in wide, this requires a length of 57 in along the beam from the washer to 
the end. 

The bearing of the cast-iron washer against the end-fibers of the tie-beam is 
also 68 350 lb. At an allowable pressure of 1 400 lb per sq in the depth of 
the washer should be 68 350/(8 X 1 400) = 6.1 in. This would almost cut 
the beam in two. The ultimate strength of the wood in compression is about 
five times the working stress, and since a considerable part of the horizontal 
force may be resisted by the body of the bolt as well as by the friction of the 
washer, it is probable that with washers % in thick there would be little sign 
of weakness at the joint even when the truss is fully loaded. 



Theoretically the washers on the top surface of the rafter should be deter¬ 
mined by the allowable working stress in compression across the fibers. This 
for long-leaf pine is taken at 350 lb per sq in (see Table IV, Chapter XIV). 
The area, then, is 48 250/350, or 138 sq in. This requires a washer llj£ in 
square. The 8 by 8-in washer used, assumes a pressure of 755 lb per sq in, 
but as the Forest Service of the United States Department of Agriculture rec¬ 
ommends a working stress from 793 to 1 027 for common grade yellow 
pine, depending on the conditions as to moisture, it is very likely that there 
would be no signs of injury at this point, other than a slight indentation, 
when the truss is fully loaded. 
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CHAPTER XIII 

BEARING-PLATES AND BASES FOR COLUMNS, BEAMS 
AND GIRDERS. BRACKETS ON CAST-IRON 
COLUMNS * 

By 

HERMAN CLAUDE BERRY 

PROFESSOR OF MATERIALS OF CONSTRUCTION, UNIVERSITY OF PENNSYLVANIA 

1. Bearing-Plates and Bases 

The Purpose of Bearing-Plates or Bases. When a heavily loaded column, 
beam or girder is supported on a masonry wall or pier, a bearing-plate or 
base of suitable dimensions must be used to distribute the load so that the 
pressure will not exceed the safe bearing strength of the masonry (Table I). 



Fig. 2. Beveled Cast- PLAN 

iron Plate with Pin Fig 3. Ribbed Cast-iron Plate 


The bearing-plate is designed to be stiff enough to distribute the pressure 
under it uniformly, and its area is determined by dividing the load on it by 
the allowable pressure per unit of area (Table II). 

Simple Bearing-Plates. Fig. 1 shows a simple bearing-plate under a 
beam. It may be a steel or cast-iron rectangular plate of sufficient thickness 
to prevent its bending at the edge of the beam from the pressure of the 
masonry below. 

* See. also, Chapter XIV, Subdivision 5. 
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Cast-Iron Plates with Pin. Fig. 2 is a cast-iron plate with a dowel-pin 
to fit inside the shell of a cast-iron column, or into a recess cut in the bottom 
of a wooden one. The pin holds the base-plate in position. 

Cast-Iron Ribbed Bases. Fig. 3 is a cast-iron ribbed base for a large 
cylindrical cast-iron column, capable of supporting a load heavy enough to 
break a plate similar to the one shown in Fig. 2, at the edges of the column, 
unless the plate were made unduly thick. 


Table I. Allowable Bearing Pressure on Different Kinds of Masonry 


Kind of masonry 

Allowable pressures 

Lb per sq 
in 

Tons per 
sq ft 

From the building laws of New York, 1925 

Brick, in lime mortar . 

110 

8 

in lime-and-cement mortar. 

160 


in Portland-ccment mortar. 

2 SO 

18 

Rubble masonry, m Portland-cement mortar 

140 

10 

Concrete, Portland cement, 1:2:4. 

500 

36 

From the building laws of Kansas City, 1927 

Rubble, in lime mortar. 

70 


in Portland-cement mortar. 

170 


Ashlar, limestone, in Portland-ccment mortar . 

COO 


granite, " " ** 

600 


Concrete, Portland-cement, 1:2:4.... 

500 



The Bases of the Steel Cores of Composite Columns used in reinforced- 
concrete construction have areas sufficient to distribute the loads of the 
columns over the concrete in the footings at the allowable working stress of 
the concrete. 

Example 1. The basement-columns of a warehouse are designed for a load 
of 212 000 lb each. It is required to determine the size of the base-plates to 
rest on the concrete foundations. (Table II used.) 

Solution. At an allowable pressure of 208 lb per sq in, the required area is 
212 000/208 or 1 020 sq in, or about 32 % in square. The plan and section of 
the base-plate is shown in Fig. 3. 

Forms of Base-Plates. For small columns and wooden posts with light 
loads, plain plat plates of cast iron or steel are generally used. The cast- 
iron plates may have a raised ring or cross to fit inside a hollow metal column, 
or a dowel, from 1 % to 2 in in height for a wooden one. If the plate is very 
thick the outer edges may be beveled to save weight, as shown in Fig. 2, but 
no part of it should be less than about % in thick. 

Ribbed Bases. If the calculated size of a bearing-plate is so large that its 
projection beyond the edge of the column would be more than about 6 in, a 
ribbed base similar to that shown (Fig. 3) for a cylindrical column is used. 
For such bases it is unnecessary to consider the transverse stresses. When 
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these bases are bolted to the columns they add greatly to the general stability 
of the supporting members because of the greater width of such bases. 

Table II. Allowable Loads on Standard, Steel Bearing-Plates 

on Walls 


Bearing 
on wall, 
in 

Size of plate, 
in 

Safe bearing value of plate in pounds 

Bricks laid in mortar of 

Lime 110* 
lb per sq in 

Lime and 
cement 160* 
lb per sq in 

Cement 250* 
lb per 
sq in 

6 

6 X 6 

3 960 

5 760 

9 000 


6 X 8 

5 280 

7 680 

12 000 


6X10 

6 600 

9600 

15 000 

8 

8 X 8 

7 040 

10 240 

16 000 


8X10 

8 800 

12 800 

20 000 


8X12 

10 560 

15 360 

24 000 

10 

10X10 

11 000 

16 000 

25 000 


10X12 

13 200 

19 200 

30 000 


10X14 

15 400 

22 400 

35 000 

12 

12X12 

15 840 

23 040 

36 000 


12X14 

18 480 

26 880 

42 000 


12X16 

21 120 

30 720 

48 000 


12X18 

23 760 

34 560 

54 000 

14 

14X14 

21 560 

31 360 

49 000 


14X16 

24 640 

35 840 

56 000 


14X18 

27 720 

40 320 

63 000 


14X20 

30 800 

44 800 

70 000 

16 

16X16 

28 160 

40 960 

64 000 


16X18 

31 680 

46 080 

72 000 


16X20 

35 200 

51 200 

80 000 


16X22 

38 720 

56 320 

88 000 


* These values are taken from the New York building laws, 1925. 


Proportions of Ribbed Bases. The height H of this type of base should 
be approximately equal to the projection P, and the diameter D equal to 
the diameter of the column. The projection C should be at least 3 in to 
permit the bolting of the column to the base. The thickness of all parts of 
the casting should be the same and approximately equal to the thickness of 
the column-shell. There must be no thin webs, as they result in breakage 
from shrinkage-stresses. 

Base-Plates for Steel Columns are usually made of steel plates and 
shapes. Cast-iron bases are sometimes used for very heavy columns. If 
conditions are favorable to the action of corrosion the cast iron is to be 
preferred. 

The Area of Bearing-Plates under Beams and Girders is found in the 
same manner as the area of plates under columns. If the load on the beam is 
uniformly distributed over the beam or concentrated at its middle, the 
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required area of the plate is one-half the total load on the beam divided by 
the allowable bearing per unit of area on the masonry; but if the load is a 
moving load, the greatest possible end-reaction must be divided by the allow¬ 
able bearing. For example, a heavily loaded truck standing near the end of 
the beam causes a pressure on the bearing-plate much greater than one-half 
its weight. The true reaction for the actual conditions must be found by the 
methods explained in Chapter IX. 

The Thickness of the Bearing-Plate is found by the formula used to 
determine the flexure of beams. It must be determined in each case. For a 
typical case the forces acting are shown in Fig. 5, which represents a transverse 



Fig. 4 . Simple Bearing-plate under I Beam Fig. 5. Forces Acting 

on Half of Bearing-plate 


vertical section through one-half the plate. The vertical section at C, and 
through and parallel with the web of the I beam, is taken through the center 
of the plate, which is the dangerous section, or section of maximum bending 
moment. 

In Figs. 4 and 5, 6' is the bearing depth on the wall; 

l is the length of the plate, parallel with the wall; 

b is the width of the flange of the beam; 

R is the load on the bearing-plate. 

Replacing the uniform loads by the equivalent forces at the center of 
gravity of each, these forces are represented by the longer arrows. The 
bending moment at the section at c is the same as the moment of the concen¬ 
trated forces, giving, 

M - (RJ2 X //4) - (R!2 X 6/4) 
or M -R/2 X (/ - 6)/4 

This is equal to the resisting moment at the same section c, or, at stress 5, 
SI/c, in which Ijc is the section-factor. (See Chapter XV ) This reduces to 
Sl 2 b'/6. Equating the bending moment and the resisting moment there 
results 

5/2676 - R(l - 6)/8 

and t - 0.866 Vw - b)Jsb’ 

For 5- 3 000 for cast iron, this reduces to 

t - 0.0158 Vm - b)jb’ (1) 

For 5- 16 000 for steel plates, it becomes 

t = 0.00685 VR(I - b)jb’ (2) 

Example 2. It is required to determine the length and thickness of a cast- 
iron bearing-plate under a wooden beam which is 10 in wide and supports a 
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load of 24 000 lb. The plate is 8 in wide and bears that width on a brick wall 
laid up in lime mortar. 

Solution. The load on the plate is 24 000/2 ■» 12 000 lb From Table II, 
the area of the plate is 12 000/110 - 109 sq in. Hence, if the width of the 
plate is 8 in, its length must be 13% in. Then, from Formula (1) 

t - 0.01S8 a/12 000 (JWi ~ 10)/8 - 1.162 in 
A plate lj^ in thick would be used. 

Example 3. It is required to determine the length and thickness of a steel 
bearing-plate under the end of a 24-in 79.9-lb I beam supported on a 12-in 
brick wall laid up in lime-and-cement mortar and carrying a load of 60 000 lb. 
The width of the flange of the beam is 7 in. (See Table I) 

Solution. The load on the plate is 60 000/2 — 30 000 lb 

The area of the plate » 30 000/160 =» 187% sq in 
The length of the plate is 187.5/12 «= 15.6 in 

Then, from Formula (2) 

/ - 0.00685 y/30 000 (15.5 - 7)/12 - 1 in 

Standard Sizes of Steel, Wall Bearing-Plates. These are given in Table 
II, and are based upon allowable pressures of 110, 160 and 250 lb per sq in. 
These unit pressures are based upon the allowable pressures of the New 
York building laws, Table I. Because of the com¬ 
plicated formula on which the thickness depends 
it is best to compute the thickness for each case. 

Bearing-Plates under Columns. The general 
rules already given for the proportions of ribbed 
bases similar to that shown in Fig. 3 are a sufficient 
guide for detailing such bases; but in case simple 
flat plates are used under columns, their thick¬ 
ness must be computed according to the principles 
governing bending. The stress in a flat plate 
supported at the middle and subjected to a uniform 
load cannot be determined by the ordinary methods $ yj at Bearing-plate 
of mechanics. The approximate solution here f or Column 

given is generally used in the design of base¬ 
plates and column-footings. It gives values found to be safe in practice. 

In Fig. 6, let B — the length of the side of the plate as determined by the 
allowable pressure oil the supporting masonry; 

D — the side or diameter of the column; 

P -> (B — D)/2 <= the projection of the plate; 

/ *= the thickness of the plate; 

A r — the area of the plate outside the column; 
w — the allowable bearing pressure on the masonry due to 
the load on the column. 

Then in Fig. 6, the pressure on one-fourth of A f , shown enclosed by the 
dotted lines in the figure, causes shearing and bending stresses in the section 
of the plate along the line ab. Considering the part enclosed and taking 
moments about the section ab , the following equation is obtained from the 
usual bending-moment formula (assuming the center of pressure at the outer 
edge instead of between % and % of P, which is true for a trapezoid). This 
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errs on the side of safety almost 100%. (See Chapter XV.) That is, the 
resisting moment equals the bending moment, or 
SI(c - A'Pw 

For the rectangular section at ab, this may be written 

SPD/6 — A'Pw 

i - V$ A'Pw 12 SD 

3 000 

/ - 0.0224 VA'PwlD 

S - 16 000 _ 

/ - 0.0097 VA'PwJD 

Example 4. It is required to determine the size and thickness of a cast-iron 
bearing-plate to be used under a wooden post 12 in square in cross-section and 
designed for a load of 115 200 lb. The plate is to be set on brickwork laid in 
cement mortar in New York. (See Table I.) 

Solution. The required area of the base is 115 200/250 — 461 sq in. 
V 461 — 21.47 and a 22-in square plate would be used. 

Then A' - 461 - 144 - 317 sq in 
P - (22 - 12)/2 - 5 in 
D - 12 in 

w - 250 lb per sq in 

Hence / - 0.0224 V317 X 5 X 250/12 - 4 in. The exact value is 2.96 

This thickness may be beveled to 1in at the edge. The computed thick¬ 
ness is greater than is usual for such plates; some formulas, having more prac¬ 
tical constants, really assume a stress of about 10 000 lb per sq in in cast iron 
in bending. 

If the plate is made of steel 

/ - 0.0097 317 X S X 250/12 - 1% in 

2. Bearing-Brackets on Cast-Iron Col umns 

The Usual Column-Connections for fastening beams and girders to cast- 
iron columns are shown in Fig. 7. The end of the beam or girder is set on a 
shelf P, under which is a bracket-support C, cast on the side of the column. 
For a single beam, one bracket is sufficient; for wide beams or girders there 
should be two ribs. The ends of the beams are fastened to the column by 
bolting to lugs L, cast on the column above the bracket. Sometimes a col¬ 
umn is fastened by bolts passing through the bottom flange of the beam and 
through the shelf-plate. This connection greatly decreases the lateral stability 
of a building and should not be used. 

The Shelf and Brackets, when loaded, are subject to shearing and bend¬ 
ing-stresses. The shear at the outer surface of the column-shell is equal 
to the end-reaction of the beam it supports. The bending-stress is due to 
the application of the load on the shelf-plate at some distance from the surface 
of the column. It causes a tension at the top of the bracket which tends to 
tear out the shell of the column, and causes, also, a compression at the foot 
of the rib. The thickness of the rib must be great enough to withstand 
the compression from the load above; and since the stress is variable along a 
section, as along the line X, a rough approximation may be made by assuming 


whence 

which becomes for S - 
and for 
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the stress at the extreme edge to be twice the average stress, and by further 
assuming that the section in the rib takes care of all the compression. This 
makes it unnecessary to find the center of gravity and the moment of 
inertia of the section at X , both of which must be known if the flexure- 
formula is used. This procedure, also, makes unnecessary any assumption 
as to the true position of the center of pressure on the top surface of the 



Fig 7. Cast-iron Columns with Bearing-brackets 


bracket. With the thickness of rib given in the tables there is an ample 
factor of safety for any load that may be applied through a beam. The 
double ribs are required when wide beams are used, not for strength, but to 
prevent the failure of the shelf from eccentric loading. 

Tests of Cast-Iron Brackets. Brackets of cast-iron columns tested by the 
New York Building Department gave a shearing strength of 4 200 lb per 
sq in on the section at the column when the load was applied at the end of the 
bracket, and an average of 8 000 lb per sq in when the load was distributed over 
the bracket-shelf. The range of stress in the first case was from 2 450 to 
5 600 and in the second from 4 100 to 10 900 lb per sq in. In seventeen out of 
twenty-two tests the manner of failure was the tearing out of a hole in the 
body of the column. It appears that when the thickness of the rib and shelf 
is the same as that of the shell of the column, there is generally ample strength 
for the support of beams and girders; but that in the case of very heavily 
loaded beams, the shearing and crushing strength should be investigated. 
From the results of the tests mentioned, a low working stress for shear 
must be assumed. 

The Bevel of Brackets. If the shelf P (Fig. 7), on which the beam rests, 
is cast square with the column, when the beam deflects, the load is brought on 
the extreme end of the bracket, causing an increased bending-stress in the 
bracket and connections and tending to tear a hole in the column-shell. To 
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avoid this the bracket-shelf should be sloped downward, away from the col¬ 
umn, and should have a bevel of }/% in to the foot. 

Standard Connections for Cast-Iron Columns. Table III, published 
originally in the Passaic Rolling Mill Handbook, and widely used by other 
manufacturers, will be found useful when detailing cast-iron columns. 

Table m. Standard Connections for Cast-Iron Columns 


All dimensions are in inches 
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CHAPTER XIV 

STRENGTH OF COLUMNS, POSTS AND STRUTS 

By 

HARDY CROSS 

PROFESSOR OF STRUCTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 

AND 

F. THEODORE MAVIS 

ASSOCIATE PROFESSOR OF MECHANICS AND HYDRAULICS, UNIVERSITY OF IOWA 

1. General Principles and Definitions 

Compression members in structures are called columns, posts or struts. 
In timber frame construction, light vertical compression members spaced 
dose together in walls are called studs The term stanchion, used in Eng¬ 
land to denote a column or post, has been adopted by the Bethlehem Steel 
Company to designate a series of special rolled columns of H-shaped section. 

The allowable load which may be supported by a column depends upon 
the material in the column, the area of a cross-section and the dendemess- 
ratio of the column. 

The slenderness-ratio, L/r, of a column is the ratio of the length of the 
column between adjacent points of lateral support to the least radius of 
gyration of the cross-sectional area of the column with respect to the cen- 
troidal axis about which the column can bend. The radius of gyration * 
is equal to the square root of the quotient obtained by dividing the moment 
of inertia of a plane cross-section of the column about a centroidal axis about 
which the column can bend, by the cross-sectional area of the column. 

A compression member whose slenderness-ratio, L(r t is less than about 
30 is called a short column, while one whose slenderness-ratio is greater than 
about 150 is called a long column. The slenderness-ratio of practically 
every column used in building-construction lies between these limits. 

Short columns (£/r less than about 30) under axial load fail at nearly a 
constant unit stress which corresponds to the yield-point of ductile materials 
like steel or wrought iron, or to the crushing strength of brittle materials like 
concrete, cast iron or timber. The critical load at which a short column will 
fail depends only upon the area of the cross-section and the strength of the 
material in the member. 

Long columns (L/r greater than about 150) fail by buckling under a critical 
load which, uniformly distributed over the column cross-section, would not 
stress the material to its yield-point or its crushing strength. The critical 
load for a long column depends upon the stiffness of the member, its 
length and the conditions of lateral restraint at the ends or along the 
member. When the critical load is reached, the column is in unstable 
equilibrium and any slight displacement of the column axis laterally will 
increase progressively until the material at some point fails under the com¬ 
bined direct stress and bending. 


See Chapter X. 
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Building columns seldom have a slenderness-ratio smaller than 30 and 
they should never have a slenderness-ratio greater than 120.* Classified 
according to their slenderness-ratios, building columns form a transition 
between short columns and long columns and may have some of the char¬ 
acteristics of one or the other. Building columns may fail by direct crushing 
of the material if they have the characteristics of short columns and by lateral 
buckling if they have the characteristics of long columns, or by local crippling 
followed by lateral buckling. 

2 . Column Formulas 

Column formulas give a relation between the slenderness-ratio, Lfr, f of 
a column of a given material and either the allowable working unit stress in 
the column, the axial load under which the column may be expected to fail, 
or the unit fiber-stress at which failure is likely to occur. 

Formulas for Short Columns. The safe load on a short column, the 
length of which does not exceed 30 times the least radius of gyration of its 
cross-sectional area, may be computed by the formula 

P=fxA (1) 

in which P is the safe axial load in pounds; 

A is the area of cross-section in square inches; 

/is the safe working stress in pounds per square inch. 

Values of safe working stress, /, for various materials are given in Table I. 

Table I also gives values for the fiber-stresses, /«, at which short axially 
loaded columns of various materials may be expected to fail. In order to 
determine the critical load in pounds which, on the average, will cause 
failure of a short column of a given material, multiply the cross-sectional 
area of the column in square inches by the ultimate fiber-stress, f u » given in 
Table I. 

Example 1. What is the safe load which can be supported by a 10 in X 10 
in long-leaf yellow pine column 8 ft long? 

Solution. Lfd » 96/10 =■ 9.6. Since this is less than 10, the values 
given in Table I may be used. The cross-sectional area — 10 X 10 — 100 
sq in;* the safe working stress (from Table I) -= 960 lb per sq in; the safe 
load - 960 X 100 - 96 000 lb. 

Example 2. What load will cause the above column to fail? 

Solution. The critical load, f Uf which, on the average, will cause failure 
of short columns of long-leaf yellow pine is 5 000 lb per sq in (Table I). The 
cross-sectional area * 100 sq in;t the critical load, to cause failure, -5 000 
X100 - 500 0001b. 

Formulas for Long Columns which fail by pure buckling are called Euler 
formulas. In structural design they are to be used only for timber columns 

* Compression members which carry no calculated stress due to loads on a structure 
and those members which carry wind-stresses only are sometimes permitted to have 
slenderness-ratios as large as 150 to 200. 

t Formulas for allowable stresses in timber columns are usually expressed in terms of 
LJd, in which L is the unsupported length of the column in inches, and d is its diameter or 
least width. The radius of gyration, r ■ 0.29 d for a solid square or rectangular section; 
f — 0.25 d for a solid circular section; and r » (approximately) 0 32 d for a hollow 
circular section whose shell thickness is Ho the outside diameter of the column section. 

% The nominal section is here used for purposes of illustration. See Article 4 , Timber, 
Columns. 
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whose length exceeds about 25 times the least width or about 80 times the 
least radius of gyration. The formula for safe loads on timber columns 
proposed by the Forest Products Laboratory of the United States Depart¬ 
ment of Agriculture uses the Euler formula for a column free to rotate at 
each end if the Euler formula gives fiber-stresses less than of the safe 
fiber-stress on a short block of the same material. 


Table I. Average Critical Loads and Safe Working Stresses in 
Pounds per Square Inch, for Building Materials 


Materials* 

Critical load fu t 
pounds per 
square inch 

Safe working 
stress, /, pounds 
per square inch 

Cast iron . . 

80 000 

9 000 

Wrought iron. 

25 000 

10 000 

Steel, rolled shapes (structural grade). . 

35 000 

14 000 

Steel alloy— 3}4% nickel .... 

50 000 

20 000 

Douglas fir . . 

4 500 

9601 

Long-leaf yellow pine . 

5 000 

960| 

Short-leaf yellow pine. 

4 000 

700t 

Oak. 

5 000 

790f 

Norway pine . . 

3 500 

610t 

White pine. . . 

4 000 

610|- 

Hemlock. 

4 000 

440+ 


• For stone, brick, concrete and masonry, see Chapter V 

f Working stresses for wooden columns are for members whose length does not exceed 
10 times its least width. For detailed information concerning stresses for timber, see 
Chapter XX. 


Table II gives theoretical formulas for the ultimate strength of ideal long 
columns which fail by pure buckling. The safe working load for long col¬ 
umns is equal to the ultimate load calculated by the formulas of Table II 
divided by a factor of safety which depends upon the nature of the loading, 
the quality of the material in the column and other factors. The factor of 
safety for sound timber columns should be at least 3 for best quality timbers 
under static loads and 6 to 8 or even higher for cross-grained columns or for 
columns which contain bad knots, checks or other defects. 

Table III gives average values of E, the modulus of elasticity* of various 
materials, to be used in formulas for buckling loads on ideal long columns. 

Example 3. What load can be carried on a long-leaf yellow pine column 
4 in square and 10 ft long, using a factor of safety of 3? The column is free 
to rotate at each end. 

Solution. Lid = 120 in /4 in ® 30. Since L/d is greater than 25 the 
formulas given in Table II may be used for computing ultimate buckling 
loads, r « 0.29 X 4 in - 1.16 in. L 120 in. A — 16 sq in.f E" 
1 600 000 lb/sq in (Table III). The formula for the load P f in pounds, which 
will cause the column to buckle, is 

P - 9.87 AEKLfr )* 


9.87 X 16 X 1 60 0000 _ 
(120/1.16)* 


* See Chapter I. 

t Nominal section used for purposes of illustration. 
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Table II. Ultimate Loads for Ideal Long Columns 


A «*■ cross-sectional area of column (gross section) in square inches; 
r — radius of gyration of column cross-section with respect to axis about which column 
buckles, in inches; 

B m modulus of elasticity of material in column, pounds per square inch; 

L «■ length of column in inches; 

P *■ critical or buckling load, in pounds. 
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Table m. Modulus of Elasticity of Building Materials 


Materials 

E in pounds per square inch 

Cast iron. 

Wrought iron. 

Steel, all grades. 

Douglas fir. 

Southern (long-leaf) yellow pme. 

Western yellow pme. 

Oak. 

Norway pine. 

Hemlock. 

12 000 000 

28 000 000 

29 000 000 

1 200 000-1 600 000 

1 600 000 

1 000 000 

1 500 000 

1 200 000 

1 100 000-1 400 000 


The allowable load on the column, using a factor of safety of 3, is equal 
to P/3 - 23 600 lb /3 - 7 870 lb. 

Timber columns whose length exceeds 30 times the least width are not 
permitted by most building codes. 

Formulas for Building Columns. The slenderness-ratio of building col¬ 
umns is seldom less than Ljr - 30 and it is generally limited by building 
codes to a maximum value of Ljr = 120 for main compression-members. 
Unimportant steel compression-members, and those carrying wind-loads 
only, sometimes have slenderness-ratios as great as Ljr » 200, but this is 
about the maximum value allowed by existing building codes or design 
specifications. 

There is no satisfactory theory by which the ultimate strength of building 
columns can be determined from known physical or elastic properties of the 
material of which the column is made. The relation between the strength 
of columns and the slenderness-ratio is, within the range of slenderness-ratios 
mentioned, strictly an empirical one based on laboratory tests of columns. 
Even the results obtained by laboratory tests of full-sized columns are far 
from satisfactory for determining a reasonably precise relation between the 
slenderness-ratio and the ultimate strength or allowable working strength of 
the column. The variations in the test data have led to many column 
formulas, each presumably in agreement with the data considered, giving 
wide variations in allowable working stresses. A number of the column 
formulas in general use for steel columns are given in Table XIII and are 
represented graphically in Fig. 7. 

The greater number of column formulas used in practice are either (1) 
Straight-Line Formulas or (2) Formulas of the Rankine Type. A 
few design specifications give formulas of a more complicated type such as 
(3) the Secant Formula, and one or two specify the use of (4) Parabolic 
Column Formulas. 

The Straight-Line Formulas are the simplest of the column formulas. Any 
curve can, within proper limits of one of the variables, be replaced by a 
straight line which is very nearly equivalent to the curve. If the curve hap¬ 
pens to be a reversed or ogee curve, such as those representing the Rankine 
or secant column formulas, it can be very nearly replaced by a straight line 
over a considerable range of one of the variables. Straight-line column 
formulas are based on no theoretical considerations whatever, but it would 
be difficult to show any valid argument that, within properly selected limits 
of slenderness-ratios, the straight-line formulas are in less satisfactory agree¬ 
ment with the results of tests than any other column formulas. 
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The Rankine Column Formulas are based on the following quasi-theoretical 
considerations: An axially loaded column which was originally straight is 
deflected laterally under load as shown in Fig. 1. The stresses in the outer¬ 
most fibers of the column on its concave side are made up 
of a direct stress, PfA, and a flexual stress, Pycfl, in which 
A is the cross-sectional area of the column; P the applied 
axial load; y, the deflection of the axis of the column from 
its initial (straight) position; c, the distance from the axis 
about which the column bends to the outermost fiber of the 
column; and J, the moment of inertia of a cross-section 
of the column with respect to the axis about which the 
column bends. The fiber-stress will be a maximum at the 
section which has the greatest deflection (assuming the 
column has the same section throughout its length), and 
this stress will be: 

/max — P[A + Pymax c(l * 

and since / - Ar 2, r being the radius of gyration of the area, 
/max ■ (1 + yma xcjr 2 ) 

This formula may be written 

P _/max 



Fig. 1. Axially 
Loaded Column 


1 + k 




where k is a constant which is to be determined empirically on the basis of 
Column tests. Column formulas of this type are called Rankine column 
formulas and are specified by various building codes and design specifications. 
See Table XIII. 


The Secant Formula is said to have been helpful in interpreting certain 
test data on steel and wrought-iron columns. It is based on the assumption 
that the load is eccentric a known amount, e, at the ends of the column, that 
the column has the same section throughout, and that there is no external 
restraint against bending either at the ends or along the length of the mem¬ 
ber. Under these conditions the maximum fiber-stress on the concave side 
of the bent column at mid-height will be 

(3> 


Since the last term in the parenthesis vanishes if the load P is axial, e being 
equal to zero in this case, a small arbitrary eccentricity (say 0.3 in) is some¬ 
times assumed which gives the secant formula the following form: 

/_-PM [l + g + 0.3) seeing] (4) 

Where this formula is specified for design of columns, the maximum allow¬ 
able fiber-stress /max is specified and the average fiber-stress PJA must be 
calculated by trial. Curves representing the secant formula have the same 
general shape as curves representing formulas of the Rankine type, and the 
difference between the two types of formulas from the designer's standpoint 
is of no importance. 

The secant formula is given in the Cleveland Building Code. 


See Chapter XV. 
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Parabolic Column Formulas are of the type 

PI A - /max - *(I/r)l (5) 

and are strictly empirical. At the present time this type of column formula 
is not generally specified as a basis for designing building columns.* 

3* Stresses in Columns 

Axially Loaded Columns. If a column is axially loaded, that is, if the 
resultant load coincides with the axis of the unbent column, the fiber-stress 
in the column, in pounds per square inch, is obtained by dividing the axial 
load, P, in pounds, by the cross-sectional area of the column, A , in square 
inches. 

( 6 ) 


Eccentrically Loaded Columns. If the resultant load acting on a column 
does not coincide with the axis of the column, the column will bend slightly 
and the load is said to be eccentric. Girders and beams which frame into the 
flange or web of a column actually cause 
eccentric loads on the column, but in steel ^ 

design this eccentricity of loading is usually ^ I f* j 
neglected. Crane girder loads or other heavy ~~ ] 1Z ^JcJ 

loads which are supported on brackets con- 
nected to a column are eccentric, and this lr~* c i p | 

eccentricity should be taken into consideration | , j 

in calculating the maximum fiber-stresses in the ! T il 

column, f H 

Suppose a column is loaded as shown in • . 

Fig. 2. The two axes 1-1 and 2-2 are prin- | I 

cipal axes of the column cross-section. If the • ! . 

column section is symmetrical about one axis, | I 

the other axis is at right-angles thereto. Both ; j 

axes pass through the centroid of the area of I j 

cross-section. Let t\ and be the eccentricity, r 

in inches, of the load P, in pounds, with C£7 Cf L 

respect to the axes 1-1 and 2-2, respectively, »P TP 

A the area of cross-section, in squar. inches, r 2 Eccentrically Lolled 
I i-i and /the moment of inertia J of the Column 

cross-section about the two axes, in inches 4 , and 

Ci and c% the distances, in inches, from the axes to the outermost fibers on 
the compression side of the column. The maximum fiberstress in the 
column, in pounds per square inch, 

/max - (PM) + (PW/i-i) + (PWW (7) 

• Formulas of this type arc given in the Progress Report of the Special Committee on 
Steel Column Research. Proceedings Am. Soc. C. E., March, 1926, pages 146-209. The 

formula Pmax " recommended for timber columns by the Forest 

Products Laboratory, United States Department of Agriculture, is of the same general 
form. 

t See Chapter XV for method of calculating bending moments due to transverse loads. 
t See Chapter X. 
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However, Pe\ and Pe 2 are the bending moments, in inch-pounds, of the load 
about the axes l-l and 2-2, respectively, and are hereafter designated by 
Mi and Afj. This equation may be rewritten as follows: 


Afi nax * P + With) + W 2 (k 2 ) (8) 


in which ki — IJAci and k 2 » 1%/Act, the “kern distances” * in inches 
with respect to axes 1-1 and 2-2. For a rectangular section, the kern dis¬ 
tance k — dj 6 and for a circular section k ■* d/8, where d is the diameter or 
dimension of the section, in inches, perpendicular to the axis considered. 
The value k is also called the bending factor, and values of this factor for 
some column sections are given in the tables. If /max is the allowable fiber- 
stress in the column, then A/max is the maximum allowable axial load, in 
pounds, which the column can support. It is evident, therefore, that M\jki 
and M 2 /k 2 are equivalent axial loads which would produce the same max¬ 
imum fiber-stresses as the given bending moments. 

If the Column Supports Several Loads, either Axial or Eccentric, this 
equation may be written in its general terms as follows: 

Af max - ZP + (ZMi/k i) + (2J \ftlh) (9) 

in which ZP is the sum of all the loads on the column, in pounds; 

ZMi is the sum of the moments of loads about axis 1-1, in inch- 
pounds; 

ZM 2 is the sum of the moments of loads about axis 2-2, in inch- 
pounds; 

ki and k 2 are the bending factors for the axis 1-1 and axis 2-2, re¬ 
spectively, in inches; 

/max is the allowable fiber-stress in the column, in pounds per square 
inch, calculated from the column formula given in the 
specifications used, and 

A is the area of the column cross-section in square inches. 


Example 4. A short hollow circular column 10 in in outside diameter 
has a shell thickness of 1 in and supports an axial load of 165 000 pounds. 
What is the fiber-stress in the column? 


Solution. The area of a hollow circular section of uniform wall thickness 


. f A (di 4- d 0 \ A . L . / dt 4- d 0 \ 
is equal to ir y --— I /, in which I—--j 


is the average of the inside and 


outside diameters, in inches, and t is the shell thickness in inches. Hence, 
the area is 3.1416 x9 x 1 ■ 28.3 sq in. The fiber-stress in the column, 
/ — 165 000/28.3 - 5 830 lbs per sq in. 


Example 5. A round timber column 12 in in diameter supports an axial 
load of 60 000 lb and a load of 5 000 lb on a bracket. The eccentricity of the 
5 000-lb load is 9 in. What is the fiber-stress in the column? 


Solution. The area of the column, A « 0.7854 X 12* «■ 113.2 sq in. 
The kern distance or bending factor, k - dj 8 - 12/8 - 1.5 in. The bending 
moment of the eccentric load - 5 000 X 9 ■* 45 000 in-lb. 


• See Chapter X. The kern distance, k , in inches, with respect to a given axis is equal 
to the section-modulus of the area with respect to that axis divided by the area in square 
inches. 
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Total load on column: 

Axial load 
Eccentric load 

Bending moment, M — 45 000 in-lb: 

M/k - 45 000/1.5 

Total equivalent axial load 
Maximum fiber-stress ** 95 000/113.2 = 


60 000 lb 
5 000 

30 000 * 

95 000 lb 

840 lb per sq in 


Example 6. An 8 X 12-in timber column supports a total load of 50 000 lb. 
The bending moment about an axis perpendicular to the 12-in face is 20 000 
in-lb and the bending moment about an axis perpendicular to the 8-in face 
is 1 000 ft-lb. What is the maximum fiber-stress in the column? 


Solution. Area « 8 X 12 =* 96 sq in.f Kern distance or bending factor 
for bending about axis perpendicular to 12-in face =* 12/6 * 2.0 in; for bend¬ 
ing about axis perpendicular to 8-in face -» 8/6 *= 1.333 in. 

Total load on column 50 000 lb 


Bending about axis perpendicular to 12-in face: 
M - 20 000 in-lb 
k — 2 0 in 
Mjk - 20 000/2 0 

Bending about axis perpendicular to 8-in face: 
M - 1 000 ft-lb - 12 000 in-lb 
k « 1.333 

M{k - 12 000/1.333 

Total equivalent axial load 
M'aximum fiber-stress - 69 000/96 ■» 


10 000 


9 000 
69 000 lb 

719 lb per sq in 


4. Timber Columns 

A. General. The nominal sizes of commercial timbers used for posts 
and columns range from 6 X 6 in to about 18 X 18 in, intermediate sizes 
being in multiples of 2 in in each lateral dimension. The actual dimen¬ 
sions of dressed timbers are in less than their nominal dimensions. 

In designing timber compression-members, three factors must be kept 
in mind: (1) The ratio of the length of the member to its least lateral dimen¬ 
sion should not exceed 30 (Chicago Code).}: (2) The maximum fiber-stress 
in the member parallel to the grain should not exceed the allowable stress 
given in the design specifications (see Table IV). (3) If other timber mem¬ 
bers, such as bolsters, beams or truss members, are bearing on the ends of 
the column the bearing stress perpendicular to the grain in the connecting 
members must not exceed the allowable stresses given in Table IV, Column 6. 
If metal column caps and column bases are used the last factor mentioned 
will ordinarily have no effect on the size of the compression member. 

B. Formulas for Timber Columns. The formulas for maximum allowable 
fiber-stresses in timber columns as specified by various building codes are 
given in Table IV. The differences between these formulas for a given 

* An axial load of 30 000 lb produces a fiber-stress of 30 000/113 2»»265 lb per sq in in 
the column. A bending moment of 45 000 in-lb produces a maximum fiber-stress of 
45 000/169.8 — 265 lb per sq in in a circular section 12 in in diameter. The section- 
modulus of a circular section, IJc**% Ad** 169.8 in*. See Chapter X. 

f This assumes the actual size of timber to be 8 X 12 in If the nominal size is 8 X 12 
in, the actual size is 7 H X 11 H in, as explained in the next section. 

X Boston Code (1926) and the Philadelphia Code (1929) allow a maximum unsup¬ 
ported length of 40 diameters while Seattle Code (1927) limits the length to 24 diameters. 
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species of timber are of more apparent than real importance in design. In 
general, one will find that, for a given load to be supported by a column of a 
given material, the same commercial size of timber column will be required 
regardless of the particular formula used in the design. It may be said, 
however, that the allowable fiber-stresses according to the Chicago Building 
Code are slightly less over the working range than the allowable stresses 
according to the formula recommended by the Forest Products Laboratory 
of the United States Department of Agriculture. 

In the formulas given in Table IV, 

/ is the maximum allowable fiber-stress in the column, in pounds per 
square inch; / may not exceed the value given in Column 4 of 
the table; 

L is the unsupported length of the column, in inches, and 
d is the least width or diameter of the column, in inches. 

Table IV also gives maximum allowable compressive stresses on short 
blocks loaded parallel to the grain (Column 5), and on timbers loaded per¬ 
pendicular to the grain (Column 6). The last column in the table (Column 7) 
gives maximum allowable shearing-stresses parallel to the grain. All 
stresses given in the table are in pounds per square inch. 

C. Tables of Safe Loads for Timber Columns. Table V gives the safe 
load in kips * for square timber columns of various sizes and lengths and of 
different kinds of wood. Table VI gives safe loads for rectangular timber 
columns of the same materials. Both tables are computed on the basis of 
the formulas specified by the Chicago Building Code. Table VII gives the 
safe axial load in kips for square yellow pine columns of various sizes and 
lengths calculated on the basis of the formulas recommended by the Forest 
Products Laboratory of the United States Department of Agriculture. The 
values 900, 1 000, 1 200 and 1 300 at the top of the last four columns of the 
table are the maximum unit stresses, in pounds per square inch, allowed by 
the formula for short blocks loaded parallel to the grain. 


Table IV. Maximum Allowable Fiber-Stresses in Timber Columns 


Building 

code 



Not 

nmtwn 1 

Timber 

to ex¬ 
ceed 

Bear¬ 

ing 

with 

grain 

Bear¬ 

ing 

across 

grain 

Shear 

with 

grain 

Boston 

(1926) 

( Southern yellow 
\ pine, dense 

1 200—20“ 
a 

1 000 

1 200 

350 

150 


( Southern yellow 
\ pine, sound 

900-15“ 

a 

750 

900 

250 

100 


f Douglas fir, 

\ sound 

l 000 — 17- (approx) 

840 

1 000 

200 

100 


Spruce 

i-qi'n 

c>» 

7 

o 

620 

750 

200 

100 


White pine 

700 —12^ (approx) 
a 

585 

700 

200 

80 


White oak 

900 —15 

750 

900 

500 

200 



Mm. ^ ~40 






* One kip is equal to 1 000 lb. 
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Table IV (Continued). Maximum Allowable Fiber-Stresses in 
Timber Columns 






Maximum stresses 





in pounds per 



Maximum allow- 

Not 

square inch 

Building 

Timber 

able fiber stress, 

to ex- 




code 


/, pounds per 

ceed 

Bear- 

Bear- 




square inch 


ing 

with 

mg 

across 

with 

grain 





grain 

grain 

Chicago 

f Douglas fir and 






(1924) 

< long-leaf yel- 
l low pine 



1 100 

250 

130 


Oak 

900 ('-«&) 


900 

500 

200 


f Short-leaf 



800 

250 



\ yellow pine 

800 ('-807/) 


120 


Norway pine 

700 ('-&) 


700 

200 

80 


White pine 

700 0-in) 


700 

200 

80 


Hemlock 

500 

\ 80 d) 


500 

150 

60 

Phila¬ 

delphia 

(1925) 

1 Long-leaf 
\ yellow pine 

750 ( 1-—\ 

\ 100 d) 


750 

92 

67 


Spruce 

500 O-Ioos) 


500 

50 

50 

Factor of 






Safety 
- 6 

Hemlock 

3S0 V~mj) 


350 

42 

42 

New York 

f Long-leaf yellow 

1200 ('~'h) 


1 600 

1 000 

150 

(1925) 

\ pine, white oak 


1 400 

1 000 

200 


[ Short-leaf yellow 



1 000 

800 

100 


| pine, N C pine 

900 1 1 -^) 


1 000 

800 

100 


l Douglas fir 

\ 60 df 


1 200 

800 

100 


Spruce 1 

L 


1 200 

800 

100 


White pine } 

900-17 j 


I 000 

800 

100 


Fir J 

a 


1 000 

800 

100 

Seattle 

(1927) 

Douglas fir 

, 600 ( l - th ) ~ 

1 200 

1 600 

400 

200 


Spruce 


601 

800 

300 

130 


Western hemlock 

, 400 ('-7^)^ 

1 150 

1 400 

350 

180 

San Fran¬ 
cisco 

Oregon pine 

1 300-20^ 

1 000 

B 



(1926) 


£ 


| 




White Pine \ 

Cols under ^ «*15 

700 

yrl 

200 

100 


Spruce J 

" / = 700 


Ig 




D Miglas Oregon \ 
yellow fir J 

“ / = 1 000 

1 000 


300 

150 


Washington or \ 
Red fir / 

“ /=* 800 

800 

900 


125 


Redwood 

“ /= 700 

700 

800 


100 
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Table V. Safe Axial Load in Kips for Square Timber Columns 

Chicago Building Code (1924) /=»C 

Note: Safe load on round columns is 0.785 times the safe load on square col¬ 
umns of the same diameter. 
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Table VI. Safe Axial Load in Kips for Rectangular Timber Columns 

Chicago Building Code (1924) / — C — g 5 ^) 






Douglas 





Nomi¬ 

nal 

size, 

inches 

Actual 

size, 

inches 

Area, 

square 

inches 

4) 

< 

fir and 
long- 
leaf 
yellow 
pine 

Oak 

Short- 

leaf 

yellow 

pine 

Norway 

and 

white 

pine 

Hem¬ 

lock 




* 

C- 
1 100 

C =900 

C — 800 

C — 700 

C — 500 




8 

35 4 

29 0 

25 8 

22 6 

16.1 

6 X 8 

5*4X7^ 

41 3 


33 0 

30 5 

27 0 

25 0 

24 0 

22 2 

21 0 

19 4 

IH 





28 1 

23 0 

20 4 

17 9 

III 




• 

45 0 

36 7 

32 6 

28 6 

20 4 

6X10 

5MX9M 



41 9 

38 6 

34 2 

31 6 

30 4 

28 1 

26 6 

24 6 

19 0 

17 5 





35 5 

29 0 

25 8 

22 6 

16.1 




8 

54 4 

44 5 

39 5 

34 6 

1— 

6X12 

SMX 11 H 

63 3 


50 6 

46 8 

41 4 

38 2 

36 8 

34 0 

32 2 

29 8 

K K 





43 0 

35 2 

31 2 

27 4 

19 5 




8 

65 9 

53 9 

47 9 

41 9 

29 9 




10 

62 8 

51 3 

45 6 

39 9 

28 5 




12 

59 5 

48 7 

43 3 

37 9 

27 0 

8X10 

7HX9^ 

71 3 

14 

56 5 

46 2 

[KB 

35 9 

25 6 




16 

53 3 

41 6 

38 8 

33 9 

24^2 




18 

50 2 

41 0 

36 5 

31 9 

22 8 




20 

47 0 

3S 5 

34 2 

29 9 

21 4 




8 

79 8 

65 2 

58 0 

50 7 

36 2 




10 

76 0 

62 1 

55 2 

48 3 

34 5 




12 

72 1 

59 0 

52 5 

45 9 

32 8 

8X12 

T'AXU'A 

86 3 

14 

68 4 

55 9 

49 7 

43 5 

31 0 




16 

64 5 

52 8 

46 9 

41 0 

29 3 




18 

60 8 

49 7 

44 2 

38 6 

27 6 




20 

57 0 

46 6 

41 4 

36 2 

25 9 




8 

105 0 

86 0 

76 4 

66 9 

47 8 




10 

101 2 

82 9 

73 6 

64 5 

46 0 




12 

97 1 

mtamm 

70 6 

61 8 

44 1 

10X12 

9HX11H 

109 3 

14 

93 6 

■ 

68 1 

59 6 

42 5 




16 

90 0 

RI9 

65 4 

57 2 

40 8 




18 

86 0 


62 5 

54 7 

39 1 




20 

82 3 


59 8 

52 4 

37 4 




8 

141 8 

116 0 

103 0 

90 1 

64 4 




10 

136 5 

lit 7 

99 3 

86 9 

62 0 




12 

131 0 

107 1 

95 2 

83 3 

59.5 

10X16 

9MX1SH 

147.3 

14 

126 3 

103 3 

91 8 

80 4 

57 4 




16 

121 2 

99.2 

88 1 

77.1 

55 1 




18 

116 0 

94.8 

84 3 

73 8 | 

52.6 




20 

111.0 

90.7 

80 6 

70 5 

50.4 
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Table VIL* Safe Axial Load in Slips for Square Yellow-Pine 
Columns 

Based on formula of the Forest Products Laboratory, United States Depart¬ 
ment of Agriculture, Division of Forestry. Square end bearing and symmetric¬ 
ally loaded. 

/bb-c[i-?(^) ] /Euler-0 274 fi/(~j) 


Nomi¬ 

nal 

size, 

inches 

Actual 

size, 

inches 

Area, 

square 

inches 

L 

d 

Length 

feet 

Safe axial load in kips for given 

values of C 

C~ 

900 

C~ 

1 000 

C- 
1 200 

c» 

1 300 

6X6 

H 

fl 

17.5 
21 8 
26 2 

30.5 

8 

10 

12 

14 

24 6 

23 4 

19 2 

14 2f 

28 1 
25.1 

19 4f 
14 2f 

32 7 
27.2 

19 4t 
14.2t 

34 6 
27.9 

19 4t 
14 2t 




12 8 

8 

49 8 

55 l 

65 5 

70 6 




16 0 

10 

48 5 

53 4 

62.8 

66 9 




19 2 

12 

46 3 

50 3 

57 4 

60 0 

8X8 

7'AX7K 

56 3 

22 4 

14 

42 5 

45 6 

48.6 

49 0 




25 6 

16 

37 0 

37 7 

37.7t 

37.7t 




28 8 

18 

29 7f 

29 7f 

29 7t 

29.7t 




32 0 

20 

24.lt 

24.lt 

24 It 

24.lt 




10 1 

8 

80 7 

89 5 

108 3 

115 8 




12 6 

10 

80 0 

88.4 

105 0 

113 6 




15 2 

12 

78 6 

86 6 

101 8 

109.5 

10X10 

9HX9H 

90.3 

17 7 

14 

76 4 

83 5 

96.4 

102.4 




20 2 

16 

72 7 

78.5 

88 8 

96.7 




22 7 

18 

67.8 

71 3 

76 9 

76.5t 




25 3 

20 

60 5 

62.3 

62.0t 

62.0t 




8 3 

8 

118 7 

131.7 

157.9 

170 9 




10 4 

10 

118 2 

131 1 

156 6 

169 4 




12 5 

12 

117 2 

129 7 

154 4 

166 4 

12X12 

11HX113-2 

132.3 

14 6 

14 

115 7 

127 8 

150 8 

161 6 




16 7 

16 

113 3 

124.3 

145 2 

154.7 




18 8 

18 

109 5 

119.7 

137.3 

144 4 




20 9 

20 

104.7 

113.1 

125 4 

128 9 




7 1 

8 

163 9 

181 9 

218 0 

236 2 




8 9 

10 

163 4 

181.3 

217 2 

235 0 




10.7 

12 

162 7 

180 4 

215.6 

232.9 

14X14 

w/ixnvi 

182 3 

12 4 

14 

161.6 

179 8 

213.0 

229.3 




14.2 

16 

159 8 

176.8 

209.1 

224.6 




16 0 

18 

157 1 

173 1 

203 4 

216.8 




17 8 

20 

153 7 

168 6 

194 6 

206 1 




6 2 

8 

2t6 0 

KnSiSi 

288 0 

BTfH| 




7 7 

10 

215 8 

- s 

287.1 





9 3 

12 

215 4 

BUIS 

■ 


16X16 

15HX15H 

240 3 

10 8 

14 

214 5 

237 8 


P ~fl 




12 4 

16 

213 0 

235.9 






14 0 

18 

211 0 

233 0 

vTWm 

297.3 




15 5 

20 

208 4 

229 7 

269 6 | 

288 9 


* Adapted from Southern Yellow Pine Manual (1929). 
t Determined by Euler’s formula. 
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Use of Tables of Safe Loads. (1) Axially Loaded Columns. Given: The 
length of the column, in feet, the load in kips to be carried and the kind of 
timber. To find the dimensions of the column required to carry the given 
load. In Table V (for square columns) or Table VI (for rectangular columns) 
note at the top of the last five columns in the table the kind of timber to be 
used. Follow the values down this column until the load to be carried, 
in kips, is found in the horizontal row which shows the given column length 
ji the fourth column of the table. Find the dimensions of the section 
required in the first column of the table. 

Example 7. What must be the size of a Dougias-fir column 14 ft long if It 
is to support an axial load of 50 000 lb? 

Solution. Safe axial loads on Douglas-fir columns are shown in the fifth 
column of Tables V and VI. Note (Table V) that an 8 X 8-in column 14 ft 
long can support a load of 44 5 kips, a 10 X 10-in column 14 ft long can 
support a load of 77.2 kips, and (Table VI) that an 8 X 10-in column can 
support a load of 56.5 kips. Either an 8 X 10-in or a 10 X 10-in column is 
satisfactory. 

(2) Eccentrically Loaded Columns. Given: The length of the column, 
in feet; the kind of timber, the actual load in kips to be carried by the col¬ 
umn, the maximum bending moments M\ and Mi about axes through the 
center of gravity of a column cross-section perpendicular to the faces 1 and 
2 of the column. To find the dimensions of the column required to carry 
the given load. 

Example 8. A post supports a total load of 60 000 lb including the reac¬ 
tion of 12 000 lb from a girder, this reaction being applied 7 in from the center 
line of the column. What should be the size of the column, complying with 
the Chicago Building Code, if it is made of Douglas fir and is 12 ft long? 

Solution. The girder reaction, 12 000 lb, is eccentric to the axis of the 
column 7 in, producing a bending moment in the column of 84 000 in-lb. 
The total load on the column is 60 000 lb but, assuming the column to be 
12 in wide, the equivalent axial load which will produce the same fiber- 
stress as the bending moment of 84 000 in-lb will be M\jki » 84,000 + 
(12/6) — 42 000 lb and the total equivalent axial load will be 42 000 -f 60 000 
lb - 102 000 lb. Referring to Table V it will be found that a 12 X 12-in 
column of Douglas fir, 12 ft long, will support an axial load of 123 000 lb. 
Hence, the column is satisfactory. (Strictly, — d /6 « 11.5/6 based on 
actuil dimensions of the post. The difference, about 4%, is not important 
in this case since the bending stress is relatively small.) 

Example 9. Fig. 3 shows a panel of a 60-ft Howe roof truss to be made of 
long-leaf yellow pine and to be designed according to the Chicago Building 
Code. The top chord member, 10 ft in length, carries a direct compressive 
stress of 30.0 kips and also supports a uniformly distributed load of 500 lb/ft 
over its length. Design the member. 

Solution. The maximum bending moment due to the uniformly distrib- 

.... , Trrr 10 X 500 X (10 X 12) „ ^ 

uted load is equal to WLfS - --- ■» 75 000 in-lb. The 

O 

direct stress is 30 000 lb. Try a member 12 in deep. Then the equivalent 
axial load which would produce the same fiber-stress as the bending moment 
is equal to M /(d/6) - 75 000/(12/6) - 3 7 500 lb and the total equivalent axial 
load is 30 000 + 37 500 - 67 500 lb. Referring to Table VI it will be 
found that an 8 X 12-in post 10 ft lemg will support an axial load of 76 000 lb. 
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An 8 X 10 or a 6 X 12 would carry 62 800 lb and 50 600 lb, respectively, 
both oi which would be too small for the member in question. An 8 X 12-in 
chord member is required. 

D. Crushing of Wood Perpendicular to ther Grain. If columns bear on 
timber girders or bolsters, the bearing should be proportioned so that the 
quotient obtained by dividing the load on the column by the area of contact 
between the column and the girder or bolster does not exceed the safe unit 
stresses given in the sixth column of Table IV headed Bearing across Grain. 

E. Timber Column Details and Connections are shown in Chapter XXI. 
Whenever timber columns are used in tiers, one above another, metal post¬ 
caps should be provided between the ends of two abutting columns. 
The upper column should bear directly on the post-cap on the lower column 


-Roof Load 600 */ft. 



Fig. 3. Panel of a Howe Roof Truss 


and not on the girder framing in at the joint. If a column extends two 
stories in height and supports girders at or near its middle, these girders may 
be supported on steel post-caps for continuous columns or on vertical bol¬ 
sters keyed to or set in notches in the column. Bolsters and caps must be 
connected to the column by bolts. Wooden bolsters may be used on the top 
of columns which carry only beam or girder loads. Details of post-caps, 
bolsters and connections are shown in Chapter XXI. 


5. Cast-Iron Columns 

A. General. The use of Cast-Iron Columns is generally restricted to 
buildings of which the height does not exceed twice the least width and to 
buildings less than 100 ft in height. Cast-iron columns should never be 
used in garages or other buildings where they may be subjected to heavy 
lateral forces or sudden loads. At the present time their use is generally 
limited to supporting balconies in auditoriums and as columns in low, heavy 
Umber framed structures. 

The Main Disadvantage of Cast Iron is that, although it has a very high 
crushing strength, 80 000 lb per sq in and even more, its dependable 
strength in tension and in shear is very low and uncertain. Thorough 
inspection] of castings may fail to reveal internal defects, honeycomb or 
blowholes, cinders, foreign matter, etc., which may seriously affect the 
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strength of the member. Flaws in the metal and initial stresses due to 
shrinkage or unequal cooling of the metal may cause the material to fail 
under small suddenly applied loads. Cast iron is very brittle and cannot be 
punched or riveted; consequently all connections must be bolted. It is 
extensively used for making bases for steel and timber columns, for column 
caps and other details in heavy timber construction, but at the present time 
it is much less extensively used than steel as a material for columns in 
buildings. 

The Advantages of Cast-Iron Columns are that they are relatively inexpen¬ 
sive; they can be obtained readily, and can be fitted with suitable brackets 
and flanges so that erection costs are reduced to a low figure. Further, 
tests and observations show that cast-iron columns resist fire better and cor¬ 
rode less easily than steel columns. 

Cast-iron columns are usually of hollow, circular cross-section and are 
either cast vertically in sand molds or are cast centrifugally in metal molds. 

B. Formulas for Cast-Iron Columns. Table VIII gives formulas for the 
maximum allowable compressive fiber-stress, /, in pounds per square inch, 
in cast-iron columns as specified by various building codes. Besides limiting 
the compressive stress in a column, specifications provide that cast-iron col¬ 
umns shall not be subjected to such eccentric loads or to such transverse 
loads that there is tension in any fiber of the column. Tab’e VIII also shows 
limiting values of the slenderness ratio, L/r, or the ratio Lid, which may not 
be exceeded for main members and for secondary members. 

C. Tables of Safe Loads for Cast-Iron Columns. Table IX gives allowable 
axial loads in kips, on hollow round cast-iron columns of various sizes and 
lengths calculated on the basis of the Chicago Building Code formula, 

/ - 10 000 - 60 Ljr (10) 

in which / is the maximum allowable compressive fiber-stress, in pounds per 
square inch; 

j i is the unsupported length of the column in inches; 
r is the radius of gyration of the cross-sectional area of the column, 
in inches. 

This table also shows values of the kern distance or bending factor, k , in 
inches, for each column section. The bending moment in the column due 
to eccentric or transverse loads, in inch-pounds, divided by the bending 
factor, k , in inches, gives the equivalent axial load which would produce the 
same fiber-stress as the given bending moment. In order that there shall 
be no tension in any fiber of the column due to the loads, the quotient 
obtained by dividing the bending moment by the bending factor must be 
less than the axial load. 

Example 10. What must be the size of a round cast-iron column 12 ft in 
length to carry an axial load of 150 kips? 

Solution. Referring to Table IX it will be found that a column 12 ft long, 
8 in in outside diameter with a shell thickness of 1^6 in will carry an axial 
load of 158 kips, while one 12 ft long, 9 in in outside diameter with a %-in 
shell will carry 157 kips. Either column is satisfactory. The 9-in column 
is the stiffer of the two and weighs about 10% less than the 8-in column. 
From the standpoint of weight and rigidity, the 9-in column is preferable. 

Example 11. A cast-iron column 16 ft long supports a total load of 110 
kips. This is made up of an axial load of 80 kips and a girder reaction of 
30 kips which has an eccentricity of 9 in. What must be the dimensions of 
the column according to the Chicago Building Code requirements? 
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Solution. Total load supported by the column *=*110 kips. Bending 
moment of eccentric load — 30 X 9 — 270 kip-in. The bending moment 
in kip-inches divided by the bending factor, k , in inches, for the column to 
be used gives an equivalent axial load which would produce the same fiber- 
stress in that column as the given bending moment. 

Table VIU. Maximum Allowable Fiber-Stresses in Building 
Columns 

Wrought-Iron Columns 



f ■* maximum allowable compressive fiber-stress, in pounds per square inch; 
L ** unsupported length of the column, in inches; 

r m radius of gyration of the cross-sectional area of the column, in inches; 
d ** outside diameter or least dimension of column cross-section, in inches. 







































Table IX. Safe Axial Loads in Kips for Round Cast-Iron Columns 

Chicago Building Code (1924) /= 10 000-60- 


Art. 5] 


Cast-Iron Columns 


501 


k bend¬ 
ing 
factor 
in in 

00 fO 

H H 

CO fO 

** 

O VO 

v© vO lO to 

vO © 'O CM 

00 00 N N 

2 04 

2 00 

1 96 

1 91 

^ O m O 

CM CM — — 

CM CM CM CM 

.S 

A 

U 

c 

« 

4) 

> 

O 

4> 

to 

w 

CM 

’ 


# 




22 







20 

■ 

m 

D 

■ 


« * o ob 

O CM CO t/5 
CM CM CM CM 

00 





169 

185 

201 

216 

«OCON 
CM 'tJ* l// C- 
CM CM CM CM 

16 




■<t o ^ 00 

CJIflON 

— ©> t- *0* 

* a »-< po 

CM CM 

OvOOvO 

CO IO *>• Ov 
CM CM CM CM 

14 

■ 

■ 

104 

118 

131 

143 

m m a ^ 

^ O f' Ov 

CD 

© —* CO *0 

N N N 

OvNNW) 
^ c-00w 

♦* CM CM CO 

M 

■ 

BU 

114 

129 

144 

158 


v© 00 00 00 

C N ^ O 

M CSNM 

CO 00 <4 *+ 
VO 00 © co 
CM CM CO CO 

10 


100 

113 

125 

co © c* CM 

tM IO N 

00 00 VO 

O00ON 
*-< -* CM CM 

© CM -* ■<*< 

— VO OO 

CN CM CM CM 

00 O' — CO 
N O cm m 
CM CO CO CO 

00 

\D c- 
00 © 

109 

124 

138 

tO —< © v© 

co to o oo 

Oi N ^ 

N O N ^ 

- N M N 

INOOm 

m in oo o 

CM CM CM CO 

CM O' O0 CM 
O' — tO N 
CM CO CO CO 

to 

o« 

JS 

„. s 

00 O' 

00 00 

CO O »0 

CN 1 •— 

CM CM CM 

00 »* o © 
to io in ><C 

N N CS M 

2 89 
2.85 

2 81 

2 78 

O O CO g 

CO co <0 fO 

— 00 Ml* O 
in tC M* 

CO fO co co 

Weight, 
lb per 
ft 

c O 

00 *?’ 
co 4 

o «o o 

v© CM 00 

*• «/> *o 

Tf N N 

ro —i 00 CO 
m ’O O C* 

WWOih 

a oo c. «o 
ONOOO 

o * * 

00 00 C- O 

oo a o — 

109 1 
119.7 
129.9 
139 9 

Area, 
sq in 

12.37 

14.09 

co »o 

00 00 

VO 00 

17.08 
19 59 
21.99 
24.30 

T* CO CO CO 

CO — 00 O' 

cs m n O 

CM CM CM co 

00 N VO VO 

CM <0 CO CM 

00* —t ** C* 

CM CO CO CO 

© O' 00 C 
Ov cm in r- 

oo* — *4* 
OO tec 

Thick¬ 

ness, 

in 





1 

5555 

Outer 

diam, 

in 

1 

■ 

00 

m 

10 

— 

— 


♦ L/r greater than 70. 




































Strength of Columns, Posts and Struts [Chap. 14 



Lfr greater than 70. 



























































Art. 5] 


Cast-Iron Columns 


$08 


Referring to Table IX it will be found that a 10-in column has a bending 
factor of approximately 2 0 in. The allowable axial loads on the 10-in col¬ 
umns listed which are 16 ft in length vary from 181 kips to 234 kips. 

Try a 10-in column: 

Total load on column 110 kips 

Bending moment « 270 kip-in: 

Assume k — 2.0 in 

M/k - 270/2.0 135 


Total equivalent axial load ( not less than 2- 


270 kips 


Note that M/k = 135 kips is greater than the total load on the column, 
which is only 110 kips. In order that there will be no tension in the column 
section, the load M/k must be less than 110 kips if the bending factor, k, was 
correctly assumed. A column 12 in in diameter with a shell will sup¬ 

port a load of 296 kips and the bending factor for this column section is 

2.44: x “ HO- 
k 

This column section is satisfactory. 

Table X shows dimensions and safe loads on Clow-Nptional cast-iron col¬ 
umns calculated in accordance with the New York Building Code formula, 

/ - 9 000 - 40 L/r (11) 

The column sections marked S- are cast in vertical sand molds while those 
marked C- are centrifugally cast in metal molds by the de Lavaud process. 
Loads to the right of the heavy line are for columns whose slenderness-ratio, 
L/r , exceeds 70, which is the maximum slenderness-ratio allowed by the 
New York Building Code and others. The last column in the table shows 
values of the bending factor, k, in inches. 

Example 12. Select from Table X a column, 16 ft in length, which will 
support an axial load of 80 kips in addition to a load of 30 kips on a bracket 
with an eccentricity of 9 in. 

Solution. Try a 12-in column: 

Total load on column: 110 kips 

Axial load 80 kips 

Eccentric load 30 

Bending moment: 

30 X 9 - 270 kip-in 

Assume k — 2.54 in (Section No. S-16) 

M/k - 270/2.54- 106 

Total equivalent axial load (not less than 2 M/k) 216 kips 


Column No. S-16, which has an outside diameter of 12 in and a shell thick¬ 
ness of 1.00 in, has a bending factor k - 2.54 (as assumed) and can support 
a total axial load of 242 kips on a column 16 ft in length. The column 
section is satisfactory. 

D. Design of Cast-Iron Columns. The outside diameter of cast-iron 
building columns should never be less than 5 in nor less than about one- 
twentieth * of the unsupported length of the column. The thickness of 

• This is slightly more conservative than the requirement that the unsupported length 
of a cast-iron column may not be greater than 70 times its least radius of gyration. 
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5 numbers = sand cast. C numbers = centrifugally cast. 

Column lengths to right of heavy line exceed 70r. 

From Cast Iron Columns, published by James B. Clow & Sons, Chicago; National Cast Iron Pipe Co., Birmingham. 
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metal should not be less than one-twelfth the outside diameter of the column 
and many specifications provide that the shell thickness should never be less 
than in for columns le»s than 9 in in outside diameter. 

Cast-iron columns should be so designed that eccentric loads or transverse 
loads on the column will not cause tensile stresses in any part of the section. 
They should not be used in places where they might possibly be rammed by 
vehicles or heavy machinery. 

The method of determining the size of a cast-iron column necessary to 
support a given axial or eccentric load is explained in Article C of this section. 

E. Connections and Details. Details of caps, bases and connections for 
cast-iron columns are shown in Chapter XIII. 

Careful inspection of cast-iron columns is an important and difficult 
matter. The material used in the columns should be of a good quality of 
gray iron free from blow holes, or other serious imperfections. The column 
should be faced to a plane surface at right-angles to the axis of the column. 


6. Lally Columns 

A. General. Lally columns are patented columns made up of a cylin¬ 
drical steel pipe shell filled with 1 : : 3 Portland-cement concrete. The 

light-weight column is 4 in in outside diameter with t. shell thickness of 
0.134 in, while the heavy-weight columns are from 3}^ to 12% in in outside 
diameter with shell thicknesses of 0 216 to 0.375 in. The standard type 
of Lally columns is reinforced with only the steel pipe shell. Special types 
of columns are obtainable with additional reinforcement consisting of steel 
pipe, reinforcing bars or structural steel shapes. 

“Lally (steel pipe, concrete-filled) columns built of not smaller than 7-in 
standard steel or wrought-iron pipe with interior filled with not less than 
1 : 4j^ mixture of concrete have the same fire resistance period as cast-iron 
columns. They should be fitted with cast-iron caps. When reinforced with 
structural steel shapes embedded in the concrete filling, their fire resistance is 
nearly doubled. ” * 

B. The Formula for Safe Loads on Lally Columns, as given in the manu¬ 
facturers’ catalogue, is 

P « (A c + 12 A s ) (1 600 - 24 L/d ) f (12) 

in which P is the safe axial load on the column, in pounds; 

A c is the cross-sectional area of concrete, in square inches; 

A s is the cross-sectional area of steel, in square inches; 

L is the length of the column, in inches; 
d is the outside diameter of the column, in inches. 

C. Table of Safe Loads for Lally Columns adapted from the manufacturers’ 
catalogue is given in Table XI. Table XI for Lally columns is analogous 
to Tables IX and X for cast-iron columns. The examples given in Section C, 
Article 5, for cast-iron columns serve to explain the use of Table XI. 

D. Typical Connections and Details for Lally columns are shown in Fig. 4. 
The dimensions of standard steel base plates and gauges for plate-caps and 
bracket-caps are shown in Table XII. 

* Fire Tests of Building Columns, Inspection Department of the Associated Factory 
Mutual Fire Insurance Companies, Boston. 

t Lally Catalog, 10th Edition, (1921) Lally Column Company of Chicago. 
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♦From Lally Column Company, Chicago. 



















































































































































Composite Columns 


Art. 7] 


507 


Table XII. Standard Steel Bases and Gauges for Lally Columns* 


Diameter 
of column, 
inches 

g for plate 
caps, inches 
(See Fig. 4) 

g for bracket 
caps, inches 
(See Fig. 4) 

Standard steel base plates 

Dimensions, 

inches 

Weight, 

pounds 

4 Lt Wt 



8X 8X4 

9 

3* 2 

3 

44 

8X 8X4 

9 

4 

3 

44 

8X 8X4 

12 

4 1 2 

34 

4 H 

10 x 10 x 4 

18 

5 

3=4 

5 

10 x 10 x 4 

21 

3*2 

4 

54 

12X12X4 

36 

6,4 

44 

6 4 

16X16X1 

SB 

7*8 

5 

6 H 

18X18X1 

1 


54 

7 4 

18X18X14 

104 

9'i 

■ 

7H 

20X20X14 

142 

wu 


84 

22X22X14 

171 



9 

24X24X14 

245 


* From Lally Column Company, Chicago. 


7. Composite Columns 

A. General. A column in which a concrete core enclosed by spiral rein¬ 
forcement is further reinforced with a steel or a cast-iron core designed to 
support a part of the load is called a composite column. Cast-iron cores 
may be either solid shafts or hollow pipe sections. Steel cores are usually 
made up of four angles latticed or battened. Typical sections of composite 
columns are shown in Fig. 5. 

B. Factors in Design of Composite Columns. If a solid cast-iron core or 
a metal pipe core is used in a composite column, the outside diameter of 
the metal core should not be greater than }'2 the diameter of the spiral 
reinforcement in the column, and the outside surface of the core should never 
be less than 3 in from the spiral steel. If a steel core made up of latticed 
or battened angles is used in a composite column, the corners of the metal 
core should be at least 3 in from the spiral steel. The cross-sectional area 
of the metal core should not be greater than 12% of the cross-sectional 
area of the column within the spiral reinforcement. The volume of the 
steel comprising the spiral should not be less than 1% of the volume 
of the column itself contained within the spiral reinforcement. The pitch 
of the spiral should not exceed the diameter of the column inside the 
spiral reinforcement and should never be greater than 3 in. Not less than 
6 longitudinal bars (running lengthwise of the column) having & total 
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cross>sectional area of from 2 to 4% of the area of the column within the 
spiral should be spaced equidistantly immediately inside the spiral and 
should be wired to the spiral steel. 



Standard Type Special Types 

Sections of Lally Columns 



Lally Columns Showing 1, 2, 3 and 4-way Lally Bracket Capa 

Various Connections 

Fig. 4. Details and Typical Connections for Lally Columns 

C. Regulations for the Design of Composite Columns are not entirely 
standardized. For data on the subject of reinforced-concrete columns see 
Chapter XXIII. A problem requiring special attention in the design of 
such columns is the detail of splices. This may be said also of the splices 
between reinforced-concrete and steel columns. 
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8. Steel Columns 

A. Use and Advantages of Steel Columns. Steel columns have many 
advantages over cast-iron and other metal columns and have largely sup¬ 
planted cast-iron columns even in the construction of small buildings. 



Area of section inside of spiral. A — 0.78M* 
Area of metal core not greater than 0.12 A 

Total area of longitudinal bar reinforcement 
from 0.02A to 0.Q4A 

Not less than 3 in. 

Core diameter not to ffieoeed Md 


Pitch of spiral not greater than Hd 
and never more than 3 in. 

Volume of spiral steel not less than 
0.01 x Volume of column core 


Pipe Core 





Solid Core 


Latticed Angles Coro 

Fig. 5. Typical Sections of Composite Columns 


Considered from the standpoint of dependability and safety, steel col¬ 
umns are unquestionably superior to cast-iron columns. A steel column may 
be damaged in a collision, badly bent out of line, and still support its load 
without collapsing ip that load does not approach the critical load 
for buckling. * The steel column, by virtue of the toughness and ductility 

♦ See Article 2, Chapter XIV. 
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of the material, has a very large reserve strength against ultimate col¬ 
lapse even if the yield-point of the material has been exceeded and a perma¬ 
nent deformation has taken place. Under the same conditions of lateral 
impact loading, a cast-iron column would be liable to snap before any appre¬ 
ciable deformation could take place and the member would be liable to fail 
suddenly. Suddenly applied loads which are eccentric enough to produce 
significant tensile stresses in the outer fibers of a column have much the 
same effect as lateral impact loads. Steel should be used for metal columns 
which may be subjected to heavy eccentric loads or which may be rammed 
by moving vehicles or heavy machinery. 

B. General Notes on Steel Columns. In the following sections, types of 
steel columns, formulas for allowable stresses in them and methods for their 
design are discussed, and at the end of the chapter tables for allowable loads 
are given. As these are studied, the reader will realize that in order to 
carry a given load many different types of columns are available, that the 
formulas used to determine the required area vary greatly, that for the type 
chosen many different combinations may be used to give the required area 
and finally that the required area depends on the radius of gyration of the 
section as designed. 

In spite of all these variables the tables will be found to be very helpful 
guides. They are, however, not intended to be exhaustive. In general 
they have been restricted to the lighter sections, to the rolled sections and 
to the simpler types of built sections. 

Usually the type and approximate overall dimensions of column are first 
determined. A column can then usually be tentatively selected from the 
tables. If the allowable stress differs from that given by Formula (13), the 
section must be increased in inverse ratio to the stresses permitted. The 
type chosen depends on many factors. Thus a small local fabricator often 
prefers to build up a section from stock. Details of connections must 
always be considered. The designer, however, can usually select pretty 
closely the type, general dimensions, approximate make-up and approximate 
radius of gyration before going into refinements of design. This should be 
remembered in reading the discussion which follows. 

C. Types of Steel Columns are shown in Fig. 6. Struts of one or two angles 
(a) are used for compression members in roof trusses, light towers and lat¬ 
tice girders. The two angles of a double angle strut are riveted together 
by rivets driven through washers placed between the two angles at intervals 


of 4 to 6 ft, or, more accurately, at such intervals that the unsupported - of 


one angle does not exceed — for the whole strut. 


r 


Two or four angles starred 


(ft) and connected by batten plates spaced at intervals of 3 to 4 ft are some¬ 
times used to support light loads. Latticed columns (e) made up of chan¬ 
nels or angles connected by lattice bars ( d ) are often used where light loads 
are to be supported on long columns. Rolled H-columns ( c ) are obtainable 
with depths ranging from 6 in to 16 in and are now Commonly used instead 
of built-up columns in steel skeleton construction. Built-up columns are 
usually of H-shaped section as shown in (/) although BOX columns with two 
Or more webs (g) are not uncommonly used in heavy building frames. Top 
chord sections of heavy trusses are usually unsymmetrical as shown in 
(A) and are made up of two rolled or built-up channel sections and a cover- 
plate. The open (bottom) side of the section is latticed. Columns for 
bents (t) are sometimes made up of a pair of channels and an I-beam with 
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batten plates at intervals of 3 or 4 ft connecting the flanges of the channels. 
Columns made up of four angles and a web-plate are commonly used in mill 
building bents. Battened columns 0 ) * n which two component parts of 


~ i r 

(a) Struts of 1 and 2 Angles 

4 h 

Cb) Starred Angles 

□ h 

(c) Latticed Channels 



(d) Latticed Angles 


T X 

(e) Rolled Rolled columns 
columns with cover plates 

X 

(f) Built up H columns 

n m 

(g) Box columns 



(h) 


it n 


(i) Columns for bents 


Top chord sections 




Fig. 6. Types of Steel Columns 


a column are connected only by batten plates are decidedly inferior to lat¬ 
ticed columns ( k) and should be avoided if a continuous plate or latticing 
can be used instead. 
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D. Formulas for Steel Columns. Table XIII gives formulas for maximum 
allowable fiber-stresses in steel columns according to a number of building 
codes and design specifications. In these formulas: 

/ is the maximum allowable fiber-stress, in pounds per square inch; 

L is the unsupported length of the column, in inches; 
r is the least radius of gyration of the area of crogs-section of the column 
with respect to an axis about which the column can bend, in inches. 
The formula of the American Institute of Steel Construction: 


/ 


18 000 


1 + 


Z.2 

18 000 r* 


(13) 



Fig. 7. Comparative Diagram of Formulas for Maximum Allowable Fiber Stresses 

in Steel Columns 


has been adopted by a number of building codes recently. For slenderness- 
ratios less than Ljr — 60 the maximum allowable fiber-stress is 15 000 lb per 
sq in. Slenderness-ratios of main members must not be greater than L/r - 
120, and slenderness-ratios of secondary members must not exceed Ljr - 200. 

Approximate Rule for Design of Columns. The following approximate 
rule for determining the allowable fiber-stress in a column gives values of 
allowable fiber-stress which are less than 0.8 of one per cent in excess of those 
calculated according to the above formula for main members (Lfr less than 
120 ): 


The allowable fiber-stress in pounds per square inch, for a steel column 
whose slenderness ratio, Ljr, does not exceed 120, shall not be greater than 
15 000 lb per sq in, or 


20 000 - 1 000 X 


the length of the column in feet ] 
its least radius of gyration in inches J 


(14) 


whichever gives the lower value. 
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Table XIIL Maximum Allowable Fiber-Stresses in Steel Columns 


Building code 

Maximum 
fiber-stress in 
lb per sq in 

Not to 
exceed 

l 

Limiting values of j 

Main 

members 

Second¬ 

ary 

members 

American Institute of Steel 
Constr. (1929) 

San Francisco (1926) 
Philadelphia (1929) 

IS 000 

L 2 

1 + 18 000 r 2 

15 000 

120 

200 

Boston (1926) 

18 000 

I 2 

1 + 18 000 r 2 

13 500 

160 

200 

Boston (1921) 


12 000 

160 

... 

American Bridge Co : 

L 

— less than 120 
r 

— greater than 120 



120 

200 

Chicago (1924) 

Seattle (1927) 

L 

16 000— 70 ~ 

14 000 

120 

150 

New York (1926) 

L 

16 000-70- 
r 

16 000 

120 

120 

U.S. Dept. Commerce (1926) 

L 

18 000- 70 - 
r 

14 000 

160 

160 

A.R.E A. Railway Bridges 
(1920) 

L 

15 000— 50 ~ 
r 

12 500 

100 

120 

A.R E.A. Highway Bridges 
(1924) 

L 

15 000 - 50- 
r 

12 500 

120 

140 

A S.C.E. Railway Bridges 
(1923) 

16 000 

L 2 

1 + 13 500 r 2 

14 300 

100 

120 

A.S C.E Highway Bridges 
(1924) 

16 000 

L* 

1+ 13 500 r 2 

14 300 

120 

140 
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Table XIII (Continued). Maximum Allowable Fiber-Stresses in 
Pounds per Square Inch for Steel Columns 

L *» unsupported length of column, in inches 
r ^corresponding least radius of gyration, in inches 


San Chicago* 
Francisco and 
Phlla- New Yorkf 
delphia 



14 

000 

14 

300 

14 

000 

14 

300 

14 

000 

14 

300 

14 

000 

14 

300 

14 

000 

14 

300 

14 

000 

14 

300 

14 

000 

14 

150 

14 

000 

13 

990 

14 

000 

13 

830 




• Maximum / 14 000 pounds per square inch 

L 

t Maximum — - 120 
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Table XH1 (Continued). Maximum Allowable Fiber-Stresses in 
Pounds per Square Inch for Steel Columns 

L =» unsupported length of column, in inches 
r =*corresponding least radius of gyration, in inches 
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B. Tables of Safe Loads for Steel Columns. Tables XIV to XX were 
taken from the handbook of the American Institute of Steel Construction 
either in the form there given or with some rearrangement. The values of 
the bending factors, k, shown for built-up sections were added by the writers. 
The tables show the safe load on steel column sections of given lengths 
calculated according to the formula of the American Institute of Steel Con¬ 
struction, Formula (13). with a maximum value of / « 15 000 lb per sq in. 

The tables are arranged as follows: 

Tables XIV and XV Allowable axial loads in kips for struts of one or two 
angles. Note that these tables may also be used 
for latticed H struts of four angles of the type 
shown in Fig. 6 ( d ) by doubling the values tabu¬ 
lated about axis YY providing the spacing of 
angles is % in 

Table XVI Allowable axial loads in kips on small Standard 

beams used as columns 

Table XVII Allowable axial loads in kips for Bethlehem rolled 

column sections 

Table XVIII Allowable axial loads in kips for Carnegie rolled 

column sections 

Table XIX Allowable axial loads in kips for plate and angle 

columns 

Table XX Allowable axial loads in kips for channel columns 

with cover-plates 


Example 13. What must be the size of a steel column 16 ft in length to 
support an axial load of 827 000 lb (827 kipsP The member is an interior 
column in the first story of an office-building Fiber-stresses are not to exceed 
those given by the A.I.S C. Specification. 


Solution. 


Enter the tables with the approximate area required 


827 000 
15 000 


■■55 sq in. Referring to Table XVII, note that a 12-in Bethlehem column 
section weighing 190.0 lb per ft will support an axial load of 839 kips if the 
column has an unsupported length of 16 ft. Other sections are given in the 
following tabulation- 



Table XVII 12-m Bethlehem H- 190,0 lb 839 kips 16 ft 0 in 

Table XVII 14-in Bethlehem H- 194 0 lb 855 “ 16 ft 0 in 

Table XVII 16-in Bethlehem H- 195.0 lb 860 ** 16 ft 0 in 

Table XVIII 12-in Carnegie H- 190.0 lb 838 “ 16 ft 0 in 

Table XVIII 14-in Carnegie H- 195.0 lb 860 “ 16 ft 0 in 

Table XX 15-in Channel Column 

2 Channels 15 in X 50 1b 195.2 lb 859 ** 16 ft 0 in 

2 Cov. 16 X H 

Table XX 15-in Channel Column 

2 Channels 15 in X 50 lb 191 8 ib 844 44 16 ft 0 in 

2 Cov. 18 X M 


Any one of the columns listed in the above tabulation can support an axial 
load of 827 kips without exceeding the maximum fiber-stress allowed by the 
















Steel Columns 


Art. 8] 


517 


A.I.S.C. specifications. Rolled columns or plate and angle columns with 
cover plates would be preferable to channel columns in this case. 


Example 14. A double angle strut in a roof truss is 9 ft 6 in long and 
carries a compressive stress of 35 000 lb. Select a strut of two unequal 
angles, with short legs out, from Table XV to support this load. 


Solution. Referring to Table XV, note that two angles 3 X 2j^ X 
governed by bending about axis X-X, will support an axial load of 38 kips 
(interpolated between values 40 kips for 9 ft-length and 36 kips for 10 ft- 
length) and governed by bending about axis Y-Y it will support a load of 
45 kips. The slenderness-ratio, Lfr, for the member is greater than 120 as 
shown by the position of the heavy line in the table. A stiffer section must 
be selected. 

From the same table, it will be found that a strut of two 3}^ X 2j^ X % e-in 
angles may carry 40.5 kips if it is governed by bending about axis X-X 
and 40.5 kips if it is governed by bending about axis Y-Y. These values 
were interpolated between tabulated values for the given section for lengths 
of 9 ft and 10 ft, respectively. This section is satisfactory. 

F. Design of Steel Columns. 1. Rules for Design, (a) Loading. 
Specifications for loads to be considered in designing steel columns are given 
in Chapter XXVIII. Dead load in a building includes the weight of the 
roof, floors, walls, partitions, and other stationary construction. Live load 
includes all gravity loads other than dead loads. Wind-loads, transverse 
and longitudinal loads and dynamic or impact load increments are usually 
kept separate from live loads in arranging the computations for stresses. 

Except ; n buildings for storage purposes and in buildings which are likely 
to be loaded fully on all floors at the same time reductions in the full 
live floor-loads are commonly made in designing the lower columns of a 
building and in designing the piers and foundations. These live-load reduc¬ 
tions are governed by building codes. 

(b) Length of Columns. The unsupported length of main compression- 
members shall not be greater than 120 times the least radius of gyration of 
the cross-sectional area of the member with respect to a centroidal axis about 
which the column can bend. The unsupported length of secondary compres¬ 
sion-members and members used for wind-bracing only shall not exceed 
200 times the corresponding least radius of gyration of the section. 

(c) Working Stresses. All parts of the structure shall be so proportioned 
that the sum of the maximum static stresses in pounds per square inch shall 
not exceed in compression 


/ 


18000 


1 + 


IS 

18 000 r 2 


(13) 


(with a maximum of 15,000 lb per sq in) on the gross section of columns; in 
which L is the unsupported length of the column and r is the corresponding 
least radius of gyration, both in inches. Full provision shall be made for 
stresses caused by eccentric loads. For combined stresses due to wind and 
other loads, and for stresses due to wind alone, the permissible working 
stresses may be increased 33 }$% over those given above. (Maximum 
allowable fiber-stresses in steel building columns according to a number of 
building codes are given in Table XIII.) 

(d) Design. No part of a steel column shall be less than }/i in thick. No 
material, whether in the body of the column or used as a lattice bar or 
stay plate, shall be of less thickness than of its unsupported width, 
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measured between centers of rivets transversely, or He of the distance 
between centers of rivets in the direction of stress. Tie-plates are to have 
not less than 4 rivets and are to be spaced so that the ratio of length to the 
least radius of gyration of the parts connected does not exceed 40, the distance 
between nearest rivets of two stay plates in this case being considered as 
length. In built-up columns the thickness of any outstanding member 
( for example, the outstanding legs of angles) shall not be less than H 2 of the 
width of the outstanding portion. 

(e) Joints. The ends of all building columns which bear on metal shall 
be paced to a plane surface. Compression members when faced for bearing 
shall be spliced sufficiently to hold the connecting members accurately in 
place. Other joints in riveted work, whether in tension or compression, shall 
be fully spliced. Where any part of the section of a column projects beyond 
that of the column above or below, filler-plates shall be provided between 
the column and the splice-plate. Where stress is transmitted from one piece 
to another, through a loose filler, the number of rivets shall be properly 
increased, tight-fitting fillers shall be preferred. 

(f) Lattice.* (1) “ The open sides of compression-members shall be pro¬ 
vided with lattice having tie-plates at each end and at intermediate points 
if the lattice is interrupted. Tie-plates shall be as near the ends as prac¬ 
ticable. In main members carrying calculated stresses the end tie-plates 
shall have a length of not less than the distance between the lines of rivets 
connecting them to the flanges, and intermediate ones of not less than H of 
this distance. The thickness of tie-plates shall not be less than Ho of 
the distance between the lines of rivets connecting them to the segments of 
the members, and the rivet pitch shall not be more than four diameters. 
Tie-plates shall be sufficient in size and number to equalize the stress in the 
parts of the members. 

(2) “ Lattice-bars shall have neatly finished ends. The thickness of 
lattice-bars shall be not less than Ho. for single lattice, and Ho for double 
lattice, of the distance between end rivets. Their minimum width shall be 
as follows: 

“For 15-in channels, or built-up sections with 3%-in and 4-in angles —2 A 
(H-in rivets), or 2 A in CA-in rivets). 

“For 12-in, 10-in, and 9-in channels, or built-up sections with 3-in angles— 
2H in (H-in rivets). 

“For 8-in and 7-in channels, or built-up sections with 2A-in angles —2 in 
(H-ia rivets), or 2j£ in (%-in rivets). 

“For 6-in and 5-in channels, or built-up sections with 2-in angles—lH in 
(H-in rivets), or 1% in (H-in rivets). 

(3) “The inclination of lattice-bars to the axis of the members shall 
generally be not less than 45° but when the distance between the rivet lines 
in the flanges is more than 15 in, the lattice shall be double and riveted at 
the intersection if bars are used, or else shall be made of angles. 

(4) “ Lattice-bars shall be so spaced that the ratio Ljr of the flange included 
between their connections shall be not over % of that of the member as a 
whole. 0 

2* Column Sheets, showing in tabular form the loads which must be sup¬ 
ported at each story in building columns, are essential in preparing designs 
for a multi-story building. A form of column sheet is herewith shown. 

* Standard Specification for Structural Steel for Buildings, American Institute of Steel 
Construction. 
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Story 


Form of Column Sheet 

Column A1 Column CO, 

Character of loading 

[terns | Sums Items [Sums 1 


Dead Load: 

Tanks 

Masonry walls 
Roof and ceiling 
Spandrels, comic© 

Elevators 

Column and casing 

Total. 

Live Load: 

18th Roof load 

(top) 1 Elevators 

Total. 

Sum of dead and live load. . 
Wmd-Load: 

Bending moment 
Axial load 
B M./jfc 

Total. 

Sum of dead, l,ve and wind. 
Section required: 


17th 


Dead Load: (from column above) 
Floor 

Safes, vaults, etc. 

Masonry walls 
Spandrels 
Column and casing 

Total. 

Live Load: (from column above) 
Floor load 
Moving loads 

Total. 

Wind-Load: 

Bending moment 
Axial load 
B.M./Jk 

Total. 


Sum of dead and live load. 

Reduction factor 

Effective live load. 

Sum of dead load and effective live 

load... 

Wind-Load: 

Bending moment 
Axial load 
B.M./A 

Total. 
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Form Column Sheet (Continued) 


Story 

Character of loading 

Column A1 

Column C6 

Items 

Sums 

Items 

Sums 

17th 

Sum of dead load, effective live load 

and wind-load. 

Section required: 





Basement 

Dead Load: (from column above) 

Floor 

Safes, vaults, etc. 

Masonry, walls 

Spandrels 

Column and casing 

Sidewalk 

Total. 

Live Load: (from column above) 

Floor load 

Sidewalk load 

Moving loads 

Total. 

Reduction factor 

Effective live load. 

Sum of dead load and effective live 
load. 

Wind-Load: 

Bending moment 

Axial load 

B.U./k 

Total. 

Sum of dead load, effective live load 

and wind-load. 

Section required: 






The load in kips supported by the column at any story is divided into three 
parts: dead load, which includes the weight of the structure and the weight 
of fixed equipment which is supported by the given column; live load, 
which includes distributed and concentrated loads other than dead and wind- 
loads, applied on the floors, the roof and other parts of the structure which 
is supported by the given column; and wind-load, which includes axial 
load and bending moment in the column if it is a member of the wind- 
bradng structure. Axial loads, shears and bending moments due to wind 
forces which are resisted by members in the wind bents are determined by a 
separate analysis of wind stresses. 

The item in the table showing live loads carried down from the column 
above (at 17th-floor level, for instance) should be the total live load from the 
upper column before it has been reduced by the reduction factor allowed 
In the lower stories of multi-story buildings. The effective live load at 
any story is the total live load reduced in accordance with specifications for 
live-load reduction. 

The last term under wind loads, B.M./Jfe, is the bending moment in inch- 
idps divided by the bending factor* in inches for the section of column used, 

• The bending factor — the section-modulus, I/c, of the section of the column, divided 
by its cross-sectional area. See Chapter X. 
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and it represents an equivalent axial load which would produce the same 
maximum fiber-stress in the column section as is produced by the given bend¬ 
ing moment. 

The sum of the dead load and effective live load, divided by the cross- 
sectional area of the column, must not exceed the fiber-stress allowed by the 
specifications. 

The sum of the dead load, effective live load and wind-load (axial load plus 
B.M./k), divided by the cross-sectional area of the column, must not exceed 
the fiber-stresses allowed by the specifications for stresses due to a combina¬ 
tion of wind and other loads. 

A column schedule showing column sections and location of column 
splices should be prepared for every large building summarizing the data 
given in the column sheet, described above, in suitable form for detailing the 
columns. After the column has been detailed the sheet number of the draw¬ 
ing which shows the column details should be entered in the column schedule. 

A form of column schedule follows: 


2Tbto AU GoL Sptlaes 
above fin. floor 
unless noted. 

_ 

Column Schedule | 

C5 

C8 

F5 

F8 

C6 

C7 

F6 

F7 

D5 

D8 

E5 

E8 

D6 

D7 

E6 

E7 

» 

o 

V 

o 

X 

f 

© 

Vi 

_ L 

*© 

1 

i 

i 

1 

> 

i 

* 

eo 

m 

% 

‘ \ 

m 

H 

§ 

§ 

10CB31 ^ 

f 

3 

o 

s 

8 

9 

© 





ft 

3 

1 

CO 

CO 

o 
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Q 

i 

s 

m 

o. 

rd 

CO 
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O 

$ 

O 

3 

03 

Q 

(23/— 

1 

0 

s 

_i 

§ ! 

g ■ 

T 

^5 

§ 

o 

IP 

f 








i 

i 


t 



t 


Form of Column Schedule 


3. Design of Built-Up Columns Not Given in Tables of Safe Loads* The 
load which a column may support depends upon the cross-sectional area of 
the column and upon the allowable fiber-stress, which is limited by the design 
specifications. The allowable fiber-stress depends upon the slenderness- 
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ratio of the column which in turn depends upon the radius of gyration of the 
cross-sectional area of the column. There is no direct way to determine the 
section of a column of a given length to support a given load, and the follow¬ 
ing steps must be followed in designing a column whose section is not given 
in the tables of safe loads: 

(1) Assume the general proportions of the column section, and its overall 
width and depth. 

(2) Estimate the allowable fiber-stress in the column section. 

(3) Determine the cross-sectional area required by dividing the load to be 
supported by the estimated allowable fiber-stress (2). 

(4) Select suitable rolled sections which put together, have the estimated 
required area (3), and suitable proportions conforming to those assumed in (1). 

(5) Check the column selected (4) to see if it will support the given load 
without exceeding the allowable fiber-stresses. 

(a) General Proportions of Built-Up Columns. It is desirable that columns 
in a tall building have the same overall depth throughout as many stories as 
practicable. This allows greater duplication of beams and girders in the 
building, simplifies column splices, and reduces both shop and erection costs. 

The American Bridge Company has adopted constant dimension col¬ 
umns of H-shaped sections which have different cross-sectional area but have 
the same overall depth, out to out, of cover-plates. These depths vary by 
increments of 2 in from a minimum column 10^2 in deep to a maximum col¬ 
umn 26^ in deep. The columns 10} 2 to 16}£ in in depth, inclusive, have 
either 4 X 3-in angles, 5 X 3^-in angles or 6 X 4-in angles, while columns 
18}^ in in depth, and larger, have 8 X 6-in angles. The heavier sections, 
16}^ in and less in depth, have 6 X 4-in angles and cover-plates cither 14 in 
or 16 in in width. The heavier sections, 18in and greater in overall depth, 
have 8 X 6-in angles and cover-plates whose width is in less than the 
depth of the section. 

Various types of steel columns are shown in Figs. 6 and 8. 

( b ) Approximate Radii of Gyration of Column Sections are very useful in 
estimating the allowable fiber-stresses on a column of given general propor¬ 
tions. A table of approximate radii of gyration of common column sections, 
which is satisfactory for preliminary design only, is given in Fig. 8. Know¬ 
ing the unsupported length of the column to be designed and the approximate 
radius of gyration of the column of the size and general proportions assumed, 
the allowable fiber-stress can be calculated, for preliminary design, from the 
column formula given in the particular specifications which are being used. 
(See Table XIII.) 

(c) Checking Column Section. After a preliminary design of a column 
section has been made as indicated in (1), (2), (3), and (4), the radii of gyra¬ 
tion of the column selected should be calculated and the allowable fiber- 
stress should be calculated from the known slenderness-ratio, Ljr, of.the 
section found in (4). If the product of this allowable fiber-stress and the 
actual area of the column differs materially from the load to be supported by 
the column, the area of the column section should be increased or decreased 
as required and the steps in the design should be repeated for the revised 
section. 

Example 16. Using the formula of the American Institute of Steel Con¬ 
struction for allowable stresses, design a column 19 ft 6 in long to support an 
axial load of 740 000 lb. The column is in the first story of a 15-story office- 
building. 
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Solution, (a) General proportions of column: An H-shaped built-up 
column in in overall depth with 14-in cover-plates will be assumed. 

From fig. 8 it will be seen that the approximate radius of gyration of an 
H-shaped section made up of a web, 4 angles and 2 cover-plates is 0.45 h tor 



Fig 8. Approximate Radii of Gyration 


bending about an axis perpendicular to the web and 0.24 b for bending about 
an axis coinciding with the web. The least radius of gyration of the section 
is approximately 0.24 X 14 in - 3,36 in. 

(b) Estimate of allowable fiber-stress: Using the approximate rule for the 
allowable fiber stress * 

*See Approximate Rule under 8, D, of this chapter, 
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. _ . length in feet 

/ - 20 000 - 1 000 X —- z --7-■ — 

radius of gyration m inches 

the allowable fiber-stress is estimated to be equal to 

20 000 - 1 000 X 19.5/3.36 - 14 200 lb per sq in 


( c ) Area required — 740 000/14 200 — 52.1 sq in. 

( 4) Section used (preliminary design): 6 X 4-in angles and a 10-in web- 
plate will be used in the first trial section; 

4 L’s 6 X 4 X % @ 5.86 sq in - 23.44 sq in 
Web 10 X % - 6.25 


29.69 


Total area required ( c ) — 52.10 


Required area of cover plates — 22.41 sq in 
Use 2 covers 14 X 1 ?i6 — 22.75 sq in 


Section 
Web - 10 X % 

4 6 X 4 X % 

2 Cov. 14 X % 


Area 

- 52.44 sq in 

lx 

- 1315.5 in 4 

Kx 

- 4.01" 

h 

— 584.5 in 4 

Ky 

- 1.59" 



Fig. 9 

(e) Check: The method of calculating the moment of inertia and radius 
of gyration of a section is shown in Chapter X. Since the section is symmet¬ 
rical about the axes X-X and Y-Y (Fig. 9), columns headed Ax and Ay in 
Chapter X are not shown in the following tabulation. The least radius of 
gyration is obviously about the YY axis. 


Section 

1 

A 

X 

Ax* 

Web 10 X H . 

6.25 

0.00 

0.0 




0.2 

4 L'» 6 X 4 X ‘A . 

23.44 

2.34 

128.4 




84.3' 

2 Cov. 14 X »Ms. 

22.75 

0.00 

0.0 

371.6 


52.44 


584.5 


Least radius of gyration - \/584.5/52.44 — 3.34 in 
L/r- 12 X 19.5/3.34- 70.1. 

Allowable fiber-stress - 18 000/(1 + 70.1*/18 000) - 14 140 lb per sq in 
Allowable axial load - 14 140 X 52.44 - 741 500 lb. Load to be supported 
- 740 000 lb. Therefore the column is satisfactory. 
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G. Connections and Details. Typical details of steel building columns, 
connections and splices are shown in Figs. 10 to 12. 

1. Bases. Steel columns are supported on cast-iron or cast-steel 
bases, on built-up bases which are usually shop riveted to the column 
itself, or on rolled steel slabs. The width of steel slabs generally varies 
in increments of 4 in from 14 in to 56 in, inclusive; the thickness varies in 
increments of in from lj^ in to 7 in, inclusive.* Slabs which are more 
than 2 in thick are likely to be bowed and it is usually necessary to plane 
the top surface which is in contact with the steel column. If these slabs are 



Typical Bethlehem H Column. 
Floor Framing 


Typical Bethlehem H Column. 
Wind Bracing Connections 


Fig. 10.* Typical Details of Rolled H Columns 
• From Bethlehem Structural Shapes, Bethlehem Steel Co. 


set on fresh cement grout on concrete foundations it is not necessary to plane 
the bottom surface of the slab. Details and methods of proportioning column 
bases are shown in Chapter XIII. 

2. Splices. Building columns are usually made in lengths of two or more 
stories and are spliced about 2 ft or 2 j^ ft above a floor level. The ends of 
two columns which meet at a joint should be faced to a plane surface and the 
columns should be held firmly in place by splice plates riveted to the 
flanges of the columns. If the widths of the two connected members differ, 


* “ The size of slabs that can now be rolled is limited by the size of the ingot produced 
and the capacity of the rolling mill. Slabs have been rolled up to 120 X 120X9 in thick, 
weighing 36 000 lb, and can be rolled up to 12 in thick, weighing 40 000 lb.” Steel Con¬ 
struction, 1st edition, 6 th printing, page 432. 
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filler-plates should be placed between the flange of the smaller column 
and the splice-plate. These fillers should preferably extend beyond the 
end of the splice-platc and should be riveted to the smaller column with a 



Typical Angle-Column. Typical Angle-Column. 

Bearing on Masonry Bearing on Steel 


Fig. 11.* Connections for Steel Plate-and-angle Columns 
• From Pocket Companion, Carnegie Steel Co., Pittsburgh, Pa. 

sufficient number of shop rivets to develop the strength value of the filler. 
The lower end of the filler should be faced to the same plane as the lower end 
of the column. The flange splices should be strong enough to hold the columns 
accurately in place and to resist bending moments in the column due to eccen- 
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trie or tiansverse loads. Small compression-members which are not faced 
for bearing must be spliced sufficiently to develop the full strength of the 
member. 

The webs of two columns at a splice are usually connected by angles as 
shown in Fig. 12. The standard splice angles * on web faces of the con¬ 
stant dimension columns of the American Bridge Company are as foilowr. 


14H and 16j^-in width 
18J4* 20 34 and 2234 -in width 
24J4 and 2634-in width 


$ l A x 3 x % 
i'A x x V% 

4 X 4 X X A 


Typical column splices are shown in Fig. 12. 



Fig. 12. Typical Column Splices 


3. Connections. Beams and girders may be connected to columns by 
either seated connections or framed connections. 

In a seated connection the bottom flange of the beam rests on and is 
field-riveted to an angle shop-riveted to the flange or web of the column. 
Another angle is field-riveted to the column and to the top flange of the beam. 

In a framed connection the web of the beam or girder is connected by 
angles or by gusset-plates to the column. In framed connections, angle 
seats are usually shop-riveted to the columns to hold the beam or girder 
during erection. Details of framed connections are shown in Chapter XV. 

• American Bridge Company Engineering Standards (1926). 




Table XIV.* Struts of One Angle 

Allowable Concentric Loads in Kips 

Values given are for Least Radius of Gyration which is about Axis Z-Z. 
Loads to right of heavy vertical line are for Secondary Members ONLY 
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Loads by A. I. S C. Specification 












































Table XIV * (Continued). Struts of One Angle 

Allowable Concentric Loads in Slips 
Values given are for Least Radius of Gyration which is about Axis Z—Z. 



Loads by A. I. S. C. Specification 

From Steel Construction, published by American Institute of Steel Construction. 











































Table XIV* (Continued). Struts of One Angle 

Allowable Concentric Loads in Kips 

Values given are for Least Radius of Gyration which is about Axis Z-Z. 
Loads to right of heavy vertical line are for Secondary Members ONLY 
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From Steel Construction, published by American Institute of Steel Construction. 
















Table XIV * (Continued). Struts of One Angle 

Allowable Concentric Loads in Kips 

Values given are for Least Radius of Gyration which is about Axis Z-Z. 
Loads to right of heavy vertical line are for Secondary Members ONLY, 


Steel Columns 
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Table XIV * (Continued). Struts of One Angle 

Allowable Concentric Loads in Klips 

Values given are for Least Radius of Gyration which is about Axis Z-Z. 
Loads to right of heavy vertical line are for Secondary Members ONLY. 


534 


Strength of Columns, Posts and Struts 


[Chap. 14 



Unsupported length in feet 

22 



20 


n n o — m o »n o> 
fo xj» m m oior-r-r- 

00 


Noo*to^ O' m © m —• 

O N O0 00 O' 

o 


oc to -< t- ^ O«N0(MC 
tC'O'OON OOOOO'O'O 

•M 

* 



M 

m o o m o ^ N ^ n io 
nnwi^k) fo^'i»'tin»n 

^)mhon n h o ^ 

O N OO 00 O' o ^ N N 2 

O 

OlONNO a 't 00 N o o 

N « (O ^ ^ ^•lOlO'O'O^ 

NNNNH OOOOOr- 
N 00 O' O N i») n 't lO 

00 

« NN(^00 PO oo f*> 00 Tji M 
conn moo 

NW)'#«fl'0 O N N OO 00 
a0 O' O *-• <N rO’^m'Ot- 


—ihWOiin H N fO 00 tC o 

-t Tf to m C N N 0 Q 00 9 O 
*-* 

O © <N <0 ^OtsoOO 
co O' —• pn rn ^•mo^oo 

o 

'OipjONto O'Owa'ON 
00 00 O' O' © -« 



-(a'O'f n o\o«*-*oom 

lOiOOt^OO OO O O h (S 

^wioion O' m «* m 

00 2 H ™ ^^ Cu 2^ 


'OiotoMO oo in -< O' 

iO'Or*»OOOi Oi O H N K) 



n « io —« o oo o to m 

lO O ao O' O H H N (»Mf 

sbrsSI 

w § i d 

J1&* 

OOifliflifl ^ ^ 

N h* N N r* h* f* Jn N l 1 ' 

ooooo oooooo 

© O O O' O' oooooooooo 

PO (O n N CS CS <N CN CN CN 

H H rt H H HHHHH 

Area 

in 

sq in 

OOOOf' tr> —« es *^ © 

N to 00 TC ^ lO 

m v to m o *0 n n oo oo O' 

m m vo o to 'tNooiflO 
O'NiflOH O'N'tNO 

«o c> *"• oo oi O' o n fo 

H H H H 

hi 

13.0 

15.0 

17.0 

19.1 

21.0 

23.0 

24.9 

26.8 

28.7 

30.5 

32 3 

NOMflN QOlOH^N 

o«io«*h m vo O'—< 
cs es <N cs ro eototo^^ 

Thick¬ 

ness 


« « » 

Size 

in 

inches 

X 

CO 

X 

8X6 


*8 

1 > 


J 

1 

0 


Loads by A.I.S.C. Specification 

























































Table XIV * (Continued). Struts of One Angle 

Allowable Concentric Loads in Kips 


Art. 8] 


Steel Columns 


536 



Unsupported length in feet 

22 

*n oo ■* © vo cs oo w © «n 
•n © \o oo » o> » o ^ - 

20 

«N00'O»n© »>. fo © h. « a 
OOncCO O' ©-*•-• rs 

18 


16 

I- O ^ fS HOOOMON 

oo o O <h rs ro »n >o 


'O'OO'O'O o m m ^ ^ r* 

00 a O - M (») T}| ir, \0 00 

N 

C NOO O O •« C4 ro «r> <T> 

O' o - n rf i/) cn oo o o 

10 

VO « ^ IO 00 O ^ ^ in « 

O-^fO^iio O O' O — CS 

CO 

o o't n o ’f n o o oo 

ro rf lo 00 O' — fS 


« O 'f 00 N lO«MiOOO- 
h (<5 ^ io n oo O' — ■ m to »o 
hhnnn 'j 

o 

'OO-fCOtS IOOONIOOO- 
w l») V Wl N O0 0'-N(0i0 

in 

O O Tji SO N ifl 00 N to 00 H 
m f- OC O — rsi rn to 
—< — 1 HHNNNN 

+ 

O © ^4* 00 <S iflMNIOOOH 

H to <4 IO S 00 O' — <N ro «0 
>-1 


O O If oo N 

h to TC IO tN 00 O' -rt (N 1*5 ifl 
— « — « CN r4 C4 CM 

Least 

radius 

gyra¬ 

tion 

O' oo 00 00 N O 'O o o IO 

to to to to to to to to to to to 

ISI 

io oo w i*) ^ if <o «s © i->* »n 

N COIO rn <N •-* © oo x-~ 

(s. oo 0 o -* ri ^ to to ^ 

Weight 

per 

foot 

^'01^000' ©©-•©©O' 

oonwioo xn to oo — ^ O 

N N 

E9 


Size 

in 

inches 

GO 

X 

GO 


Loads by A.I.S.C. Specification 

• From Steel Construction, published by American Institute of Steel Construction. 































536 Strength of Columns, Posts and Struts [Chap. 14 



I 

I 


6 


f 


1 


Axis Y-Y 

Unsupported length in feet 

<c 

M 


. . : .!««**** 

fs O' m cm oo m 1 

to n vf mm vo 

*«* 

N 


—mtniM 

yaj^lsl 

N 

M 




O 

N 

• © 

O"# a ^ 

HNNI^ 

<n Q <n Ov © 

«n ^ v# m m >o 

5 m o © 2 <§ 

00 

H 

-h io a ^ 

mag 


ygUygy 

>o 

eH 

CQBO 

19 

n O oo vo if m 
if m in so oo 

53 

63 

74 

84 

94 

104 

* 

O Ifl o 

•H M (N r<) 




N 

fejgygt 


g y; w 

wmm 

© 


may 

lari-e-rxa 

I'A 1 

yagy^j 

m 

RECET 


b~ RlKM 

C3 


« 

'J'HOS'O 

<M fO fO Tf 

5« in § ° 


cn vo ov *n m oo 

oo O' — 04 *n 

^ lio ^ N» 
b* 1 04 rn if if 

ciaaa 

1 ^ t 


HMCIaC 

IN O rN 

vo | Ol m if m 

m m tn m 

■*« m © 4>- 

63 

74 

86 

98 

109 

119 


Axis X-X 


O 1 

N 1 




CO 

. 



(N OO if O' if O' 
m m 4 if «n m 

© 

•: • 

: : . 

r' N — © O 

04 «n <n ■«* if »n 

aaBBlJs 

* 

• : . 

ggggj 

mu&a 

gBaBisfe 

M 

—< in oo o 

HHrlN 

oj i - o* r- 

n n n n 

^ybfcfcj 

j9si 

o 

BBS M 

my 


taajbits^ 

Ov 


mm 

y^yjy 

mgg^ 

oo 

gUUg 

[gym 


CCTM=pr 

■■Mtcn 

b» 





© 




era^B^msynr: 

rrW tjSke 

HHHHHSX2B 

Ui 


Basts 

BSSit} 

TJ i a , -g-.WJT^y: 

Ll*x*j ' Bjwf 

■MCCC 

* 


rac3CJ5I 

yajy^ 

Iw’W-B-.W ■. 

t, «•■• w-^ Sc# 

■■■EEC 

r0 

gjSg¥=3 

*n rn *0 *n 

<CIOON 

32S“ § 2 

RggaccE 

tSyKEKE 

Radius 

of 

gyra¬ 

tion 

> 

X 

oo O O 

H H N (N 

» O - N 

833338 

O —• rs «n «o © 
00 oo oo oo oo 00 

X 

X 

OO N o ^ 

N I s "*- I'* 

Ov Ov Ov Ov 



Two 

Angles 

£ 

H (N o O0 

©oo©- 

00 oi '•* VO 

Ov 04 VO 

If O © N 00 N 

^ Ov N ■vfi N 

— -* — fS CN (N 

•*f © © vo VO *«• 

vo Ov <*4 m oo — 

H «-* N ft N 1*5 

i 

1.80 

2.38 

2 94 

3 46 


H 

laaaEEBi 

MM ‘Gfinit 

S80inp;i{X 

« « 

rts 


sxs six 


Size 

X 

Cl 

X 

$ 

Cl 

3X3 

X 

CO 

X 

X 

CO 

X 

* 


Loads by A. I. S. C. Specification 
From Steel Construction, published by American Institute of Steel 


























































































Loads by A.I.S.C. Specification 


















































538 


Strength of Columns, Posts and Struts 


[Chap. 14 



Loads by A.I.S.C. Specification 

From Steel Construction, published by American Institute of Steel Construction. 
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Loads by A.I.S C. Specification 

* From Stoe! Construction, published by American Institute of Steel Construction. 
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Table XVI.* Standard Beams as Columns 



Loads to right of heavy vertical lines are for Secondary Members Only Loads by A.I S C Specification 

* From Steel Construction, published by American Institute of Steel Construction. 
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Strength of Columns, Posts and Struts [Chap. 14 



Loads to right of heavy vertical lines are for Secondary Members Only. Loads by A I.S.C. Specification 

• Compiled from data in Steel Construction, published by American Institute of Steel Construction. 













































































































































































































































































































Table XVII * (Continued). Bethlehem Column Sections 
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Strength of Columns, Posts and Struts 


[Chap. 14 



64.0 11 875 10 08 .43 9 188 18 85 5 09 2 47 283 283 283 270 254 238 223 208 193 180 167 156 

70 0 12 000 10 12 .47 9.188 20 59 5 12 2,49 309 309 309 206 279 261 244 228 213 198 184 172 

Loads to right of heavy vertical lines are for Secondary Members Only Lo\ds by A.I.S C. Specification 

* Compiled from data in Steel Construction, published by American Institute of Steel Construction. 
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Loads to right of heavy vertical lines are for Secondary Members Only. Loads by A I S C. Specification 

• Compiled from data in Steel Construction, published by American Institute of Steel Construction. 
























































































Table XVII * (Continued). Bethlehem Column Sections 

















































Table XVII * (Continued). Bethlehem Column Sections 


555 


Strength of Columns, Posts and Struts [Chap. 14 



Loads to right of heavy vertical lines are for Secondary Members Only. Loads by A.I.S.C. Specification 

• Compiled from data in Steel Construction, published by American Institute of Steel Construction. 

























































Table XVII * (Continued). Bethlehem Column Sections 


Steel Columns 



Loads to right of heavy vertical lines are for Secondary Members Only. Loads by A I.S.C. Specification 

* Compiled from data in Steel Construction, published by American Institute of Steel Construction. 



































































































































































Table XVm * (Continued). Carnegie Column Sections 



Loads to right of heavy vertical lines are for Secondary Members Only. Loads by A I.S.C. Specification 

• Compiled from data in Steel Construction, published by American Institute of Steel Construction. 


























Table XVm * (Continued). Carnegie Column Sections 
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Steel Columns 
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Table XVIH * (Continued). Carnegie Column Sections 


Steel Columns 



Loads to right of heavy vertical lines are for Secondary Members Only. Loads by A.I.S.C. Specification 

• Compiled from data in Steel Construction, published by American Institute of Steel Construction. 
































































to right of heavy vertical lines are for Secondary Members Only. Loads by A.LS C. Specification 

ipQed from data in Steel Construction, published by American Institute of Steel Construction. f Special Section. Web Thickness M in. 














































































































































Table XVin * (Continued). Carnegie Column Sections 
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Strength of Columns, Posts and Struts 
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Loads to right of heavy vertical lines are for Secondary Members Only Loads by A I S C. Specification 

* Compiled from data in Steel Construction, published by American Institute of Steel Construction. % Special Section for Column Core. 


























































































Table XIX.* Plate and Angle Columns 

Allowable Concentric Loads in Kips for Plate and Angle Columns 
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Table XIX * (Continued). Plate and Angle Columns 

Allowable Concentric Loads in Kips for Plate and Angle Column 
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Strength of Columns, Posts and Struts 


[Chap. 14 



Unequal Angles have short leg against web-plate. Weights given do not include rivets or other details 
Loads to right of heavy vertical lines are for Secondary Members Only. 

Loads by A IS C. Specification 

• From Steel Construction, published by American Institute of Steel Construction, with the addition of bending factors. 
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Unequal Angles have short leg against web-plate. Weights given do not include rivets or other details. 

Loads to right of heavy vertical lines are for Secondary Members Only. 

Loads by A.I.S.C. Specification 

• From Steel Construction, published by American Institute of Steel Construction, with the addition of bending factors. 












































Table XIX* (Continued)* Plate and Angle Columns 

Allowable Concentric Loads in Kips for Plate and Angle Columns 


Art. 8] 


Steel Columns 


675 



Unequal Angles have short leg against web-plate. Weights given do not include rivets or other details. 

Loads to right of heavy vertical lines are for Secondary Members Only. 

Loads by A.I.S.C. Specification 

* From Steel Construction, published by American Institute of Steel Construction, with the addition of bending factors. 




























Table XX.* Channel and Plate Columns 

Allowable Concentric Loads in Kips for Channel Columns with Cover Plates 
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Table XX * (Continued). Channel and Plate Columns 

Allowable Concentric Loads in Kips for Channel Columns with Cover Plates 
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Strength of Columns, Posts and Struts 


[Chap. 14 



The H -in Plates are tabulated with all weights of Channels, as adding some sectional area, without costing appreciably more than lattice-bars 
and batten-plates; 75% of their area is included in the functions and column areas. Weights given do not include Rivets or other details. 

Loads to right of heavy vertical lines are for secondary members Only. 

Loads by A.I S.C. Specification 

* From Steel Construction, published by American Institute of Steel Construction, with the addition of bending factors. 























Allowable Concentric Loads in Kips for Channel Columns with Cover Plates 


Art. 8] 


Steel Columns 



The M-va Plates are tabulated with all weights of Channels, as adding some sectional area, without costing appreciably more than la 
as batten-plates; 75% of their area is included in the functions and column areas. Weights given do not include Rivets or other details. 
Loads to right of heavy vertical lines are for secondary members Only. 

Loads by A.I S C. Specification 

* From Steel Construction, published by American Institute of Steel Construction, with the addition of bending factors. 















































Table XX * (Continued). Channel and Plate Columns 

Allowable Concentric Loads in Kips for Channel Columns with Cover Plates 
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Strength of Columns, Posts and Struts 



3.27 

3 13 

3.12 

3 09 

3 05 

3 02 

3.22 

3 10 

3 05 

3 01 

3 98 

3 96 

3 15 

3 06 

3 02 

3 99 

3 96 

3 94 


4 80 

5.32 

5.44 

5 54 

5.71 

5.85 

4 73 

5 27 

5.48 

5.65 

5 79 

5.92 

O' CO CO X -* 

^ © CN X t- 

^ IO to to to to 

Unsupported length in feet 

$ 

N 4 CN <0 CO CO CO 

r- ^ © x cn © 

CN CO co CO ^ 

O' X t- X O' £ 

*- ^ X CN © © 

CN CO CO rt* to 

X r- i- i- X X 

© r- — t to O co 
co to ^ -f to 

$ 

fO to © I- X Q 

00 N & fO » 

CN cO co co ** rr 

O' Q <0 © X 

00 C Q c) 1 MN 

CN co ^ Tf to 

O' *1 CO Tf © X 
Os CO N» 4 tO 
fO CO «t rf to to 

m 


BSEZCKdEuEcB 

KSlyCgjEfS 

nSfcjfcJKiElS 

40 


SrfcCBBttJi 

KljtMB 

m 

CKK-B-y-pi 



S3 


iPifH 


x 

W&T-MTM rjJJ 

EPCJXJSCm 

w^w-w.mcsaarTM 

wacaEjcgEBE 

32 

fONOO N* r— O' 

^ cV) IT) 00 PC 00 

CO "<t N< ■*»« IO to 

—■ O' Tj* © X 

to CO O' Tj« o 

<o »* -* to to © 

O' X © Ol ^ © 
X l— to X CO X 
CO •N* to to © © 

30 

N* © <0 O fO N 

© - O' >0 Q 

CO ^ ** to © 

H(*1N —4 to O 

V© to o © —' © 

CO rf to to © © 

<i(so © to x 

© O' Tf © tO © 

rf ^ to © © r- 

28 

^ X © N* O tO 

VO to X rH N ts 

CO 't »o IO O 

CN CN X - 4 * O 

N o (N *>■ CO O' 

co ^ to IO © © 

*0 <- fO O' >o © 
-i © © —« t- CO 

Tf to to © © f- 

g 

374 

471 

500 

529 

586 

644 

N O t> tO co O 

X X CO O to rl 
co N* *0 to © r— 

to CN © r- to CN 
CN CN X CO O' to 
'•J* »o to © © r- 

B 

O n n r-~ r- 

r- o co O' to 

co ^ to io to v© 

© t". o. t- t- r- 
X X Tf © © CN 
co to '©'Or- 

©«-*'-' -c — - 

CO CO O' tO ct N 

*r to 'O © t— r^ 

22 

© t— r— i— t— i—- 

r- t— o CO O' to 

co ■** to to to o 

© t^ r— r- i- r- 

X X ^ O © CN 

CO ■"* to © © r- 

O —i -< — *-• *-» 
co CO O' to *rn r- 
N 1 to to © r- r- 

8 

© r— t*» r- 

r- t-» © co O' to 

to Tf to to to O 

O N s C^ 1 - N 

oo oo v O © rs 

CO ^ to ©or- 

© ~ 

CO CO O' to ml I-. 
** »o to © r-. 

Least 

radius 

gyra¬ 

tion 

5 12 
5.02 
5.00 

4.98 

4.94 

4.91 

0 - Op «-> O r- 

O O O' O' X X 
to’ ■# «* 

5 02 

4 95 

4 92 

4.89 

4 87 

4 85 

Area, 
sq in 

25.05 

31.80 
33 80 

35.80 
39 80 

43.80 

25 71 

32.46 

36.46 

40.46 
44 46 
48 46 

S§§ SSS 

x «o O' to n - 

CN CO CO rf* IO 

Weight 

per 

foot 

95.0 
108 6 
115 4 

122 2 
135 8 
149.4 

CN X ^ O © CN 

I'-©'** X © 

O CN CO to © 

107 2 
120 8 
134.4 

148 0 
161 6 
175 2 

2 

Cover- 

plates 

X X 

© © 

X X 

© © 

S-» f -4 

X X 

© © 

2 

Channels 

A 

mm 

«} 

s 

X 

a 

a 

151nX35.0Ib 

£ 

9 

5 

X 

£ 

W 5 


[Chap. 


1 

W y, 
>, 8 


a*o 
a*« 

"O 

#3 
3 a 
° *3 

a g 

8.9 

S'S 

11 

•a .2 

u “ 

Ij 

I? 

^ ■? 

■^3 


§2 . 

rf) »0 -T3 
ja t> h 

I s ! 

36 a ® 

*5 ° 
■sal 
l-a-g 
I *-8 
3g- s 
as« 

Hi 


.s 


9*‘5b 


515 

S^'8 1 

e i s 


14 


I 

I 


*9 

■3 

6 

6 

*S 


u 

I 

Cn 


4 


| 

4 


1 

■8 


| 
















































































Table XX * (Continued). Channel and Plate Columns 

Allowable Concentric Loads in Kips for Channel Columns with Cover Plates 
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Steel Columns 
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Strength of Steel Beams and Beam Girders [Chap. 15 


CHAPTER XV 

STRENGTH OF STEEL BEAMS AND BEAM GIRDERS 

By 

HARDY CROSS 

PROFESSOR OF STRUCTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 

1. General Remarks on Beams 

Definitions. A beam may be defined as a member which is in bending. 
In general, the term is restricted to members with solid webs and is not 
applied to trusses, though trusses with webs made up of several systems of 
bars are sometimes called latticed beams or latticed girders. Special 
terms are used to describe particular beams. A girder is a heavy beam 
which carries loads from other beams. A joist is a light beam which takes 
directly the load from the floor or deck. A lintel is a beam bridging an 
opening over a window or doorway. A rafter is a beam which carries the 
load of a roof, the rafters running transversely across the roof. Purlins are 
members in roof framing which run longitudinally in the roof and carry to the 
roof trusses or girders either the loads of the rafters or of the sheathing. A 
girt is a horizontal beam in the walls of a building intended to furnish resist¬ 
ance of the walls against horizontal loads such as wind. 

Beams are made up of the material at the top and bottom, called flanges, 
and of a web which connects these flanges. They rest at their ends on 
bearings which are often strengthened by bearing stiffeners, or angles 
riveted to the web. 

Usually the most important property of a beam is its moment of resist¬ 
ance or ability to resist bending moment. This is measured by its section- 
modulus, which is equal to its moment of inertia divided by its depth. An¬ 
other property important in a beam is its stiffness or resistance to deflection 
under load. 

Loads. Beams are loaded with fixed, or dead, load, with movable, or 
LIVE, load, with impact loads from moving vehicles or machinery and by 
wind and other causes. In building construction the dead load on a beam 
consists of the weight of the floor, of partitions and other fixtures, and of the 
beam itself. The live load consists of the weight of people, furniture and 
equipment, of machinery in factories, of goods stored on the floors in ware¬ 
houses. Impact occurs where moving loads produce vibration in the beams, 
as in the case of moving machinery, cranes or trucks. Beams in building 
construction are also subjected to wind-loads on the roofs and walls of the 
building. Rafters, purlins on sloping roofs and girts are subject to wind- 
load, and roof beams are also subject to loads from snow in cold climates. 

Loads may be distributed or spread over the beam either uniformly or 
non-uniformly or they may be concentrated at certain points on a beam. 
On a beam which carries directly the load from a floor the load is usually 
assumed to be uniformly distributed, but where a beam carries the load of 
a brick wall the intensity of the load is assumed to be greater near the center 
of the beam and hence is distributed, but not uniformly. Where the load is 
brought to a beam by joists, the reactions of these joists are concentrated. 
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Walla of Bnck or Masonry impose on beams loads which are necessarily 
somewhat uncertain. There will usually be considerable arching action if 
the masonry is laid above a certain height. 

It is customary to assume that the beam 
under a solid brick wall carries a triangular 
loading as indicated in Fig. 1. Some dis¬ 
cretion should be used, however, in applying 
this standard. Beams carrying such walls 
should be made quite stiff; otherwise cracks 
will appear in the brick wall. Where, as is 
frequently the case, openings occur in the 
brickwork, special judgment is required in 



Fig. 1. 


Triangular Loading of Beams 
under Brick Walls 



2. Loading of Beams under 
Walls with Openings 


determining what total load shall be assumed as carried by the beam and 
what distribution shall be assumed for such loading. It is not difficult to 
make sufficiently accurate assumptions as to the distribution in such cases. 
In Fig. 2, for example, the load between lines A A and BB may be assumed to 
be carried by the girder. 

Supports. Beams may be supported in several ways. A beam which 
extends between two supports which do not restrain its ends is referred to as 
simply supported, or as a simple beam. Beams which extend beyond their 
supports are said to be cantilevered. Where a beam rests on more than 
two supports without hinges between the supports, it is said to be continu¬ 
ous. Beams which are restrained against any rotation at their ends are 
called fixed beams. The condition of perfect fixation at both ends of a 
beam, however, can scarcely exist in reality because any deflection of the sup¬ 
porting walls relieves the end moments which produce fixation. 

Mechanics of Flexure. Flexure means bending. On one side of any 
imaginary transverse section of a beam the external forces tend to produce 
rotation of the part of the beam on that side of the section. This rotation is 
resisted by internal stresses of tension and compression in the beam. These 
are known as fiber-stresses. For gravity loads on simply supported 
beams these stresses will be compressive at the top and tensile at the bot¬ 
tom of the beam. The laws of statics demand that the total compressive 
stress be equal to the total tensile stress wherever pure bending exists. This 
is not true where the bending is accompanied by longitudinal forces along 
the beam. These equal and opposite stresses of tension and compression 
constitute what is known in mechanics as a couple. The moment of this 
couple must equal the moment of the external forces on one side of the section 
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under consideration. This moment of the external forces is called the 
binding moment on the section. The moment of the couple produced by 
the fiber-stresses is called the resisting moment. 

Assumptions. It is common to assume that the fiber-stresses normal 
to any cross-section of a beam vary directly as the distance from the line of 
zero stress intensity on the section. This line of zero stress is called the 
Neutral axis of the section. The assumption of linear variation of stress is 
based on two other assumptions. It is assumed that cross-sections of a 
beam which are plane before the beam is bent remain plane after the beam 
is bent; this is referred to as the theory of conservation of plane sections. 
It is also commonly assumed that the intensity of stress in any fiber is pro¬ 
portional to the amount of strain or deformation in that fiber. This assump¬ 
tion is known as Hooke’s Law. The stress intensity for any material above 
which the stress is no longer proportional to the strain is called the elastic 
limit, proportional limit or yield-point * of the material. The assump¬ 
tion implied in Hooke’s Law is applicable very imperfectly to materials at 
stresses above their yield-point. It is applicable to steel quite accurately for 
working loads, but rather imperfectly to cast iron at any loads, because cast 
iron does not have a well-defined yield-point. It is also imperfectly applica¬ 
ble to timber, stone and concrete. 

Material for Beams. Several materials are used for structural beams. 
Timber beams are discussed in Chapter XX. Cast-iron beams were at one 
time extensively used, but are now restricted largely to lintels and to other 
minor uses. Beams of stone or of plain concrete are used occasionally, 
usually as slabs over areaways and sometimes as lintels, but they are not so 
common as they were years ago. Many beams of reinforced concrete 
are used, steel being introduced on the tension side of the beam to prevent 
failure of the concrete in tension. Steel beams of many types are now used 
in buUding-construction. Steel beams are often encased in concrete to pro¬ 
tect them against rust and against the action of fire. There has been some 
tendency to reinforce this encasing concrete and depend upon action together 
of the steel beam and its reinforced-concrete encasement to form a COM¬ 
POSITE beam. Largely because of doubt as to the effectiveness of the com¬ 
bination at ultimate loads, the practice has received little encouragement 
from building departments in this country. 

Failure of Beams. The engineer or architect is interested primarily in 
the type and cause of failure which may occur. Probability of failure is indi¬ 
cated by what is called the factor of safety of a structure. The term is 
not entirely definite since it may be used to indicate either the ratio of the 
Wording stress used in design to the yield-point of the material, or the ratio 
of the working stress used in design to the ultimate strength of the material, 
or it may mean the ratio of the total load at failure to the total load used in 
the design of the structure. Whether the factor of safety should be based 
on the ultimate strength of the material or upon its yield-point has been 
debated at times. In the case of steel beams and of beams of reinforced 
concrete, failure usually occurs by secondary effects soon after the yield- 
point of thje steel is exceeded. The. term factor of safety as used by structural 
engineers usually indicates the ratio of total load which would produce failure 
to total load used in design. 

Beams may fail in several different ways, depending upon the material used 
in the beam and upon the type of loading. Failure may occur by rupture 

* These terms are not strictly interchangeably but are sufficiently so for erdioaw pur* 
poses. 
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of the tension flange. This rupture is more likely to occur at those sec¬ 
tions where rivet-holes, if any, are present. Failure may occur from too high 
compression in the compression flange. Such failure usually occurs 
through buckling of the flange. This buckling may take place either by lat¬ 
eral deflection of the flange or by rotation of the flange, the flange folding 
down onto the web. In order to provide against buckling of the flange it is 
customary to specify that the flange-stress shall be reduced unless the unsup¬ 
ported length of flange is less than fifteen times its width, and that in no case 
shall the ratio of unsupported length to width exceed 40. In other cases the 
allowable lateral stress in the flange is reduced according to some formula 
derived from the column formula. To be dependable, lateral restraint must 
be secure and definite. Failure may take place through vertical or longi¬ 
tudinal shearing, depending upon the characteristics of the material used. 
The material of a beam may be crushed or may buckle at reaction-points 
or at points of concentrated loading. Failure may occur through inclined 
tension in the web in some cases, by inclined compression in the web in 
other cases. In the case of built-up members special attention must be 
given to prevent failure in details. 

Different Materials are peculiarly liable to certain types of failure when 
used as beams. Thus cast iron is peculiarly inclined to failure in tension. 
Timber beams may fail in tension or in longitudinal shear. Longitudi¬ 
nal shear should always be investigated in timber beams and will frequently 
control the design. Rolled-steel beams are designed on the assumption 
that under normal conditions they will fail by tension or by compression 
in the flanges. In short beams or those carrying heavy concentrated load, the 
shear in the web may be dangerous. Plate girders may fail in the same 
way as rolled beams, but are particularly liable to diagonal compression 
failure in the web which should be provided against by stiffeners, and to 
failure in the rivets connecting the flange to the web. Beams of stone OR 
of plane concrete are more liable to failure in tension. Beams of rein¬ 
forced concrete may fail in several ways but special consideration must 
be given to the details of embedment of reinforcing steel in the concrete 
and to the danger of failure from diagonal tension in the web. 


2 . Bending Stresses 

Bending Moment is the sum of the products obtained by multiplying the 
forces on one side of a cross-section of a beam by their distance from that 
section. Bending moments which produce compression in the top fiber of a 
beam are called positive, and those which produce tension in the top fibers 
are called negative bending moments. In the case of plate girders it is 
sometimes necessary to draw a complete curve of maximum moments for the 
beam, but in designing beams of timber or rolled-steel beams, it is necessary 
to compute only the maximum bending moment. The maximum bending 
moment in a beam, in building-construction, for loads uniformly distrib¬ 
uted either with joists equally spaced or without joists is nearly the same, 
irrespective of the spacing of the joists. 

Since the loads are given either in pounds or in thousands of pounds * the 
moments will in general be computed first in terms of foot-pounds or foot- 
kips> the foot-kip being one thousand foot-pounds. The properties of sections, 
however, are given in inch-units and the bending moment must be reduced to 
inch-pounds before applying the flexure formula. Failure to reduce foot- 

* One thousand pounds is called a kip, abbreviated to K. 
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pounds to inch-pounds is the most common source of error in beam com¬ 
putations. 

The Beam Formula. Stresses produced by flexure in beams are computed 
by what is known as the beam formula or flexure formula. This is 

M - j (t) 

in which M is the external bending moment in inch-pounds; 

s is the intensity of stress in an outermost fiber in pounds per square 
inch; 

I is the moment of inertia of the section in inch-units; 
c is the distance from the centroid of the section to the outermost 
fiber in inches. 

The quotient ~ is called the section-modulus of the section. The allow¬ 
able moment equals the section-modulus multiplied by the allowable fiber- 
stress. There may be some difference of opinion as to whether on cross- 
sections of a beam containing rivet-holes the moment of inertia should be 
computed on sections without rivet-holes or on sections from which rivet- 
holes are deducted. The former is called the gross section and the latter 
the net section. By some, the moment of inertia is computed for a section 
in which rivet-holes are deducted on the tension side of the section and are 
not deducted on the compression side, on the theory that on the compression 
ride the rivets fill their holes completely, so that failure could not occur at 
the rivets. If bolts instead of rivets are used in holes in the compression 
flange, these holes will not be completely filled. The best practice is to 
compute the moment of inertia for the net section -assuming rivet-holes 
deducted from both flanges wherever there are holes in the tension flange or 
unfilled holes in the compression flange. 

For rectangular beams the beam formula just given takes the form 


it - % sAd 

(2) 

M - V 6 sbdt 

(3) 


in which A is the area of the cross-section in square inches; 
b is the width of the section in inches; 
d is the depth of the section in inches; 

M and s are as previously defined. 

This is the proper form for use in the design of timber beams. 

Modulus of Rupture. It has been stated above that Hooke’s Law, on 
which the beam formula is based, is not applicable beyond the yield- 
point of the materials, and is imperfectly applicable to cast iron, timber, 
stone and concrete in any case. Consequently the stresses in the outer fibers 
of steel beams which are near failure or of beams made of materials which 
have no clearly defined yield-point will not be correctly given by the beam 
formula. It is nevertheless customary in interpreting breaking tests of 
beams to compute these stresses from the beam formula. The false stress 
thus computed in the outer fiber at failure by application of the beam formula 
is called the modulus of rupture of the beam. Obviously it is not particu* 
larly important that the assumptions on which the beam formula is based be 
correct at failure, provided the error is recognized in interpreting the modulus 
of rupture and in fixing the working stresses for the materials. 
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Beams Sharply Curved occur in machine parts and sometimes, though 
rarely, in structural work. Where the radius of curvature is small compared 
with the depth of the beam, the beam formula needs modification. Refer¬ 
ence should be had in such cases to special treatments of sharply curved 
beams. 

Relative Strength of Beams. It is very useful to keep in mind the rela¬ 
tions of the different elements in the beam formula. It will be seen that the 
fiber-stress for a given moment and moment of inertia is inversely propor¬ 
tional to the depth. In general the deeper the beam the stronger it is in 
resisting moment. In the case of rectangular beams the moment of resist¬ 
ance varies directly as the width and directly as the square of the depth of 
the beam. 

Direct Estimate of Stress. It has been explained that the moment of the 
outer forces on one side of a section is resisted by the couple made up of the 
compressive stress and the tensile stress in the beam. Beams may be ana¬ 
lyzed by estimating or computing the lever arm of this couple. If the 
moment is divided by this lever arm the quotient is the total tension or com¬ 
pression in the beam. If, then, it is known over what area this tension or 
compression acts, the average intensity can be computed and from the known 
variation in stress intensity, the maximum can be deduced from the average. 
This conception is valuable in clearly understanding the action of ordinary 
beams and in quickly estimating stresses in beams of irregular shape. As an 
illustration of the method, in the case of a rectangular beam, the lever arm 
of the couple is two-thirds of the depth of the beam. That half of the beam 
above the neutral axis is in compression. The maximum intensity over this 
area is twice the average. From this we deduce 

* MJ% d 6 M 

S wm 2 —:- ■* - 

} 2 A Ad 
M - Y$sAd 

as before. In the case of rolled-steel beams the lever arm of the couple will 
be somewhat less than the depth of the beam. The stress intensity over the 
flange is nearly uniform. If, then, we neglect the moment of resistance of 
the web, we may write 

M - sAfd (approximately) 

Where A/ is the area of one flange. This method of analysis is frequently 
used in the design of plate girders, as discussed in Chapter XX. 

Combined Stresses. Members are sometimes subjected to a combination 
of bending and compression or to a combination of bending and tension. 
The maximum stress in a member may be computed in such cases by adding 
the stress due to bending to that due to the tension or compression. This 
problem occurs, for example, in the design of chords of roof trusses which 
carry purlin loads between panel points. Members in tension or in compres¬ 
sion are also sometimes subject to considerable flexure from the bending of 
other members which are connected to them. Columns in the side walls of 
buildings are subject to bending stress from wind load on the walls. Col¬ 
umns carrying crane girders on brackets or carrying jib cranes are subject 
to considerable bending. For use of the so-called bending factor in eccen¬ 
trically loaded columns, see Chapters X and XIV. 

Bending about Two Axes sometimes occurs. Thus a column may cany 
bracket loads on two adjacent faces. In these cases also stresses from the 
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two sources may be added. It should be noted that the beam formula as 
given above applies only where the bending is in the same plane as one of 
the principal axes of the section. In any case the bending 
should be resolved into components in the planes of the 
principal axes of the section.* 

Beams Eccentrically Loaded. Beams are sometimes ecoen- 
trically loaded, as where the load is not applied centrally on 
the web of an I beam. (See Fig. 3.) Where this load is con¬ 
centrated it is evident that stiffeners must be provided to 
prevent crippling of the web and also to prevent tipping and 
buckling of the loaded flange. If the flanges of the beam are 
free to bend laterally and the load is free to move laterally, 
the couple represented by the shear in the web and by the load 
will be resisted by shears set up in the flanges of the beam. 
The flexural stresses resulting from the transverse bending of 
the flanges may be quite high. They may be computed by 
Fig. 3. Beam the following approximate formula: 

Eccentrically _ 

Loaded (4) 

in which ft is the additional fiber-stress due to the eccentricity of the load; 

is the fiber-stress as ordinarily computed in the beam for the 
transverse load; 

5 is the section-modulus for the axis about which bending takes 
place; 

S' is the section-modulus about the other axis of the section; 



~ is the ratio of the eccentricity of the load to the depth of the 
a 

beam. (See Fig. 3.) 


This formula, while approximate, is sufficiently accurate to indicate the 
dangers from such eccentric loads. 

If either flange is restrained against lateral movement, lateral stress will 
be eliminated from that flange. If the load is restrained against lateral 
movement the eccentricity will be eliminated. Consequently, there is little 
danger from this source in ordinary spandrel beams because the walls are 
not free to move laterally and the top flange is also restrained against lateral 
movement. Cases occur, though, in which the walls or top flanges are not 
adequately restrained. The type of failure is so sudden and so threatening 
in such cases that great caution should 


be exercised where eccentric loading is 
probable. In general such eccentric 
load should be avoided. 

Purlins on Sloping Roofs are set nor¬ 
mal to the rafters or to the roof trusses, 
as shown in Fig. 4. The vertical load, 
then, is not normal to the principal 
axis of the purlin. The load may be 
resolved into a component normal to 
the purlin and a component parallel to 
the roof. The former is resisted by 



Fig. 4. Purlin on Sloping Roof 


* For a definition of principal axes, see Chapter X. See, also, the discussion of columns 
in flexure in Chapter XIV. 
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bending about the major axis of the purlin. The latter will be resisted by 
the stiffness of the sheathing if the roof is sheathed and if the sheathing is 
connected to the ridge of the roof. If, as with corrugated-iron roofing, the 
roof covering is flexible, the purlins should be supported by sag rods which 
are securely fastened at the ridge. The ridge purlin must then be designed 
for the vertical component of the stress in these sag rods. Lateral failure of 
purlins on sloping roofs is a real danger which should be avoided by proper 
methods of construction. 

Working Stresses in Steel Beams have increased in recent years. It was 
formerly customary to design beams and girders in buildings for a working 
stress of 16 000 lb per sq in. It became customary, even before generally 
sanctioned by code requirements, to use as high as 18 000 lb per sq in. It 
is now the practice in some offices, where not restricted by code requirements, 
to design for stresses as high as 20 000 lb per sq in. The specifications of the 
American Institute of Steel Construction permit 18 000 lb per sq in. This 
is safe in the hands of a competent designer. Higher stresses than this 
should be used with caution. 


3. Shearing-Stresses 

Shear is defined as the algebraic sum of the loads and reactions on one 
side of a section. In designing a beam of timber or metal, the sign or direction 
of the shear is not commonly a matter of importance. Except in plate girders, 
variation of the shear along the length of the beam is also not a matter of 
importance, so that it is usually sufficient to design a beam for the maximum 
shear coming upon it. 

The shear on any cross-section is resisted by shearing-stresses in the 
beam. These transverse shearing-stresses must equal the external shear. 
Their distribution over the cross-section is dependent upon the intensity of 
the longitudinal stresses normal to the cross-section. The intensity of shear¬ 
ing-stress at any point on the section may be computed from the formula 

VQ * 

• “ 77 < s > 


in which v is the intensity of vertical shear at any point on the cross-section, 
in pounds per square inch; 

V is the total external shear on the cross-section, in pounds; 

Q is the statical moment about the gravity axis of that part of the 
section above or below the fiber in question; 

I is the moment of inertia of the section; 

t is the thickness of the web of the beam at the point being con¬ 
sidered. 


Me 

1 


• This formula may be derived as follows. The stress intensity in any fiber equals 


The change in the total stress in any fiber in a unit length of beam, then, equals the 

c , V 

change in moment per unit length times the area of the fiber times j. This equals ~ 

times the statical moment of the area of the fiber about the neutral axis. The total 

VQ 

change in stress above or below any longitudinal section one unit long, then, equals -j~. 

This unbalanced longitudinal stress must be balanced by longitudinal shear. The longi- 

VQ 

tudinal shear per unit of length, then, equals — and the longitudinal shear per unit of 
VQ 1 

area, v The equality of the intensity of vertical and longitudinal shear at any 

point is a well established principle of mechanics. 



590 


Strength of Steel Beams and Beam Girders [Chap. 15 


The shearing intensity on rectangular beams will, according to this formula, 
vary as a parabola, as shown in Fig. 5. The intensity of shearing-stress has 
maximum intensity at the neutral axis, equal to one and one-half times the 
average intensity. 



Parabola - Curve of Variation 
of Shearing Intensity 


Average intensity of shear 

Maximum intensity of shear 
— *jj- of average 




Fig. 5. Distribution of Shearing Stresses on a Rect¬ 
angular Section 


Fig. 6. Distribution of 
Shearing Stresses on an 
I-Beam 


In rolled-steel beams the shearing intensity varies as shown in Fig. 6. 
This distribution is sometimes computed as uniform over an area of web 
equal to the thickness of web times the total depth of the beam. Sometimes 
the net depth of the web between fillets of flanges is used instead of the total 
depth. This is more nearly correct. 

It is convenient to use the average intensity of shear on a cross-section as 
a measure of the maximum intensity, but it should be recognized that this is 
merely a conventional process and in special cases ail analysis should be 
made according to the formula given above to determine the maximum 
intensity. 

Longitudinal Shearing-Stresses. Since the longitudinal fiber-stresses 
vary from section to section because of variation in bending moment along 
the beam, there will be set up longitudinal shearing-stresses equal in inten¬ 
sity at any point to the vertical shearing-stresses. They may be critical 
in the design of timber beams. 

Inclined Web-Stresses. Shearing-stresses at the neutral axis produce, on 
planes at 45° to this axis, tensions and compressions equal in intensity to the 
shears. These inclined stresses of tension and compression are known as 
INCLINED or diagonal web-stresses. Such stresses also exist at all points 
in the beam but are modified in intensity, except at the neutral axis, by the 
direct stresses and do not have a maximum value on 45° planes. These 
stresses are important in the design of some types of beams but they are pro¬ 
vided against by general methods of construction and arc not usually com¬ 
puted in detail. They are important in plate girders and beams of rein¬ 
forced concrete but not in rolled-steel beams or in timber beams, because in 
these failure will occur first in other ways. 

Bearing. At the bearing-points and at points of concentrated loading the 
webs of beams are subject to direct compression for a part of their depth. 
It is customary to assume that the reaction acts on a vertical columnar sec¬ 
tion of web, the cross-section of which has a thickness equal to that of the 
web and a depth equal to the length of bearing-block plus one-fourth the 
beam depth for an end reaction or plus one-half the beam depth for an inte¬ 
rior load. (See Fig. 7.) The allowable stress is computed by the column 
formula for a length of column equal to half the beam depth. 
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Bearing Stiffeners. If the buckling load on the web as computed by the 
method just indicated is excessive, stiffener angles, fitted to the flanges, are 
riveted to the web. These stiffeners are usually computed as columns 
which may buckle about an axis in the beam web, the length of column being 
taken as one-half the beam depth. 



Fig. 7. Assumed Distribution of Reaction and Concentrated Load Stresses 
over Beam Webs 


A very much simpler, more convenient and a somewhat more conservative 
practice is to assume that the load is taken entirely by the outstanding legs 
of the bearing angles allowing the stress permitted for bearing of steel on 
steel, 18 000 lb per sq in. 

Shearing Failure. It is important to note that the type of failure in beams 
is largely dependent upon the ratio of maximum shear to maximum 
moment. Where the ratio of shear to moment is high, shearing failure is 
particularly liable to occur. High shear may produce either rupture of the 
web by vertical or longitudinal shear or inclined buckling of the web, or, in 
built-up girders, failure of rivets connecting flange to web. These types 
of failure need special consideration in beams carrying heavy concentrated 
loads near the support, or in beams of short span, or in girders in which the 
depth is unusually great compared with the span length. 

In the case of rolled-steel beams, failure by diagonal buckling of the web 
may, for practical purposes, be neglected in design. Shear failure of the 
web is also not commonly to be feared in such beams. For uniformly dis¬ 
tributed loading, web-shear is never critical if the beam depth in inches is 
equal to or less than the span in feet, and for most beams it is not critical 
if the depth in inches is less than twice the span in feet. 

4. Deflection of Beams 

Consideration must often be given to the deflection of beams. This is 
especially true where the beams carry plastered ceilings, because excessive 
deflection will lead to objectionable cracking of the plaster. It is usually 
specified that beams carrying plastered ceilings shall not have deflections 
greater than 1/360 of the span. There has been some dispute as to whether 
this deflection shall be computed for the total load or for the live load alone. 
The latter seems more logical and is commonly used; the former is more 
conservative and is usually not difficult to comply with. For beams that are 
not continuous this condition is generally satisfied closely enough if the 
depth of the beam in inches is greater than one-half its span length in feet. 
Where moving live loads are encountered as, for example, in dance-halls, 
drill-halls or where machinery is to be carried, deflection becomes a matter 
of special importance, and should be limited to perhaps one-half the above 
value to prevent objectionable vibration. 
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The deflection of a beam symmetrical about its gravity a»s may be 
computed from the formula 


Deflection in inches 


,sL_ 

Ed 


( 6 ) 


in which s is the maximum fiber-stress produced by the loads in pounds per 
square inch; 

L is the span length in inches; 

E is the modulus of elasticity of the material; 
d is the depth of the beam in inches. 

The value of E for steel may be taken as 29 000 000 lb per sq in, and for 
timber as 2 000 000 lb per sq in for temporary loads and 1 000 000 lb per 
sq in for permanent loads. The value K is a constant depending for its 
value on the type of loading and the method of support. It may be taken 
accurately enough as } * o f° r simple beams and as for beams cantilevered 
from a fixed end.* 

If s is 18 000 lb per sq in, the deflection of rolled-steel beams may be 
taken as 

. . , _ . . . , 1 (span in feet)* . v 

Approximate deflection in inches - ~ -——:—-— (7) 

60 depth in inches 

for beams simply supported, 

, . , _ . 1 (span in feet)* 

Approximate deflection in inches - — -r—:—:—:—- (8) 

18 depth in inches 

for beams cantilevered from a fixed end. 


5. Rolled Steel Beams 

Steel Beams may be rolled beams having the shape of a letter I, channel 
beams, or angles. Beams of T shape were formerly used but are now 
restricted to minor uses. The rolled beams may have reinforcing plates 
riveted to their flanges. Girders may be built up of angles and plates 
riveted together. These are called plate girders where they have a single 
web-plate, and box girders where more than one web-plate is used. Built-up 
girders are now being made in some cases by welding together the constituent 
parts instead of using rivets. At present the practice in this regard is not 
completely standardized to the satisfaction of all structural engineers. 

Channels are sections having this shape: C. They vary in depth from 
3 in to 15 in, and in weight from 4.1 lb per ft to 55 lb per ft. Of each depth 
several different weights are rolled. The flanges are beveled. For sections 
heavier than the minimum, the width of flange and thickness of web are 
increased, the thickness of flange remaining unchanged. 

I Beams are sections rolled into the shape of the letter “ I.” The horizontal 
portions of the I are the flanges and the vertical portion is the web. The 
I beam is the ideal type of steel beam. 

The American Standard I Sections vary in depth from 3 in to 24 in, and in 
weight from 5.7 lb per ft to 129 lb per ft. Of each depth there are several 

2 sL* 

* The deflection of a fixed beam loaded at the center is 17% less than -gj. In other 

cases this formula is within 10% of the true theoretical deflection. The coefficient for 
cantilever beams varies from % to but should be taken conservatively, since the end 
is never completely fixed. The designer does not need to compute deflections with 
great accuracy, nor is it possible to predict them with great accuracy In building design 
because of various uncertainties. 
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weights rolled. The flanges are beveled. For sections heavier than the mini¬ 
mum for each depth, the thickness of web and the width of flange are in¬ 
creased, the thickness of flange remaining unchanged. 

Bethlehem I Beams are rolled by the Bethlehem Steel Company. They 
vary in depth from 8 in to 36 in, and in weight from 17.5 lb per ft to 190.0 lb 
per ft. They have wider flanges than the standard I beams, but thinner 
webs. The weights are increased by increasing the web and flange thickness, 
the width of the flange remaining the same. This changes slightly the depth 
of beam as the weight of section is increased or decreased. 

Bethlehem Girder Beams differ from Bethlehem I beams in that they 
have thicker and wider flanges. They also vary in nominal depth from 8 in 
to 36 in. In weight they vary from 29.5 lb per ft to 300.0 lb per ft. 

Carnegie Beams are rolled by the Carnegie Steel Company. They vary 
in depth from 8 in to 36 in, and in weight from 24.0 lb per ft to 300.0 lb per 
ft. They are similar to the Bethlehem beams except that there is no bevel 
of the flange. No distinction is made between beams and girders, but in 
general the Carnegie beams cover the range of weights and strengths covered 
by Bethlehem beams and Bethlehem girders. Of each nominal depth there 
are two or more groups of flange widths which differ materially. Thus of 
beams nominally 18 in deep, one group has flange widths from 7.5 in to 8.5 in 
and another group has flange widths of about 12 in. Of the 36-in beams, 
one group has flange widths of about 12 in and the other of about 16 in. 
The beams with wide flanges correspond to the Bethlehem girder sections. 

Jones and Laughlin Junior Beams, rolled by Jones and Laughlin Steel 
Company, vary in depth from 6 in to 12 in. They have thin webs varying 
from .114 in to .175 in. There is only one size of each nominal depth. The 
flanges are beveled. 

Bethlehem Joists, rolled by the Bethlehem Steel Company, are light¬ 
weight beams varying in depth from 6 in to 12 in. There is only one section 
of each nominal depth. The web thickness is about in for all depths. 
The flanges are beveled- 

Metal Lumber has recently come into use for light floor joists. This is 
made by bending sheet-metal into the form of channels and spot-welding 
two channels together to form an I beam. The metal is about \\ 2 in thick 
and the sections vary in depth from 6 in to 12 in. Obviously, in these sec¬ 
tions the thickness of the web is twice that of the flanges. 

Trussed Steel Joists of various types are now on the market, the particular 
types varying in detail. These are excellent for floor construction when their 
details are properly designed. 

Welded Joists are also coming into use. 

Where a single beam is not adequate, two beams joined together by 
separators are sometimes used. The practice is not desirable except where 
it is possible to be reasonably sure of equal distribution of load between the 
two beams. Diaphragms are sometimes used in such cases in place of sepa¬ 
rators. 

Rolled Beams with Cover-Plates. Beams are sometimes reinforced with 
cover-plates. This practice is less common than formerly because of the 
heavier sections now available. Where cover-plates are used, they may be 
designed by using the moment of inertia of the net section in the beam formula. 
(See Chapter X.) A more convenient approximate method is to add to the 
section-modulus of the beam the product of the added net area due to the 
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plates times one-half the beam depth. (See Examples 1 and 9 at the end of the 
chapter.) This method is correct within a small per cent. Evidently where 
plates are used to reinforce the flanges, the danger of overstressing the web 
in shear is increased. 

Sometimes a plate is added to only one flange of a beam in order to support 
a wall or for some other reason. Because of the shift of the neutral axis in 
such cases, there is relatively little gain in strength. If it seems worth 
while, the section-modulus of the section may be computed as explained in 
Chapter X. See Example 2 at the end of the chapter. The gross or the 
net section should be used in such computations according to whether the 
plate is added to the compression or to the tension flange. 

Comparison of Steel Beam Sections. In Table I is shown a comparison 
of beams of various types. Note the general uniformity of the section- 
modulus per pound of weight per foot of depth. This measures the efficiency 
of the section and varies from about 1 to 1.3 for different beams. The 
greater efficiency of the modern Bethlehem and Carnegie sections should be 
noted. Note also the wider flanges and the relatively smaller percentage of 
metal in the webs of these beams as compared with the standard sections. 


6. Design of Steel Beams 


Formulas for the Strength of Ordinary Steel Beams include the ordinary 

beam formula, or formula for flexural stresses, the formula for web buckling 
due to concentrated loads and the formula for reduction of stress in the com¬ 
pression flange due to lateral deflection. 

The beam formula is most conveniently written, for use in steel beams, 
in the form 


S 


M 


5 


(D 


or in words, the required section-modulus equals the quotient of the bending 
moment divided by the allowable stress in the extreme fiber. 

The formula for web buckling from concentrated loads or from reac¬ 
tions is based on the column formula and varies with the column formula 
used. Using the column formula recommended by the American Institute 
of Steel Construction and the assumptions already explained, we may derive 


R 


18 000 


1 + 


C/2 


■(<* + li 


6 000 /2 


(9) 


.n which R is the allowable reaction in pounds if no bearing stiffeners are used; 
d is the depth of the beam in inches; 

/ is the thickness of the web in inches; 
a is the length of the bearing plate in inches. 

Data are given in the tables for computing the strength of the web according 
to this formula. 

For loads applied to the beam this formula becomes 


P 


18 000 


1 + 


c/3 


-(a + MU t 


( 10 ) 


6 000 0 
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in which P is the allowable load in pounds if no bearing stiffeners are used. 
The other quantities have the same meaning as above. 

In cases where greater reactions or loads than are permitted by these formu¬ 
las are to be carried, stiffeners fitted to the flanges must be used. 

Where the compression flange is unsupported for a length greater than 
15 times its width, the allowable stress is reduced by use of the column 
formula, the reduction depending somewhat on the type of column formula 
used. The American Institute of Steel Construction recommends 


Sc 


20 000 


1 + 


2 000 £»2 


(ID 


in which Sc is the allowable compressive stress in the flange; 

L is the distance between points of lateral support; 
b is the flange width. 

The unsupported length of flange should never exceed 40 times the width. 

L 

Table II gives values of the allowable flange stress for various values of -r 

b 

from 15 to 40 and also the allowable load that can be carried in percentage of 
that allowed where the flange has full lateral support. 

Fig. 7a shows a nomographic chart for determining the allowable load on 
beams with unsupported compression flanges in percentage of the load which 
the same beam could support if the compression flange were fixed against 
lateral buckling. To use the diagram draw a straight line connecting the 
flange width, b t in in, on the vertical line at the left of the diagram, with the 
unsupported length of flange, in ft, on the right, and read on the diagonal 
scale the allowable load on the given beam in per cent of the load which would 
be permitted if the compression flange were fixed. Flange widths of various 
Standard I-beam, Carnegie beam and Bethlehem beam sections are shown as 
graduations on the line at the left of the diagram. 

For example, a 24 in Carnegie beam weighing 70 lb per ft will support a 
load of 75 kips uniformly distributed over a span length of 26 ft if the com¬ 
pression flange is laterally fixed (Table V). A straight line on Fig. 7a con¬ 
necting the point 24 in C 70 on the flange width scale at the left with the point 
26 ft span length on the scale at the right intersects the diagonal scale at 
approximately 67 per cent. The allowable load on the given beam if the 
compression flange is unsupported for its full length is 

0.67 X 75 kips » 50 kips. 

If a straight line connecting the beam size and the unsupported length of 
flange does not intersect the diagonal line above the point marked 61. li, a 
beam with a wider flange must be used or the compression flange must be 
supported laterally at closer intervals. 

Steel Beams in Buildings usually carry loads which are uniformly distrib¬ 
uted and either directly applied to the beam itself or brought to the beam 
through joists or columns. If the load is applied directly to the beam, the 
curve of moments is a parabola having a center ordinate WL, and the curve 
of shears is a straight line varying from + W/2 at the left end of the beam to 
-fF/2 at the right end of the beam. These curves are shown in Fig. 8. 
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Fig. 7a 


The curve of moments shows ordinates of the parabola at each tenth point 
of the span. 

If the load is applied to the beam through joists or columns the curve of 
moments will be a polygon having vertices at the load-points, and the curve 
of shears will be a series of steps rising at the load-points. These curves are 
related to the curve for uniform load directly applied as shown in Fia. 9. 








0.045 WL 



Total Load Uniformly Distributed, W 
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It will be seen that the curve of moments is a polygon inscribed in the 
parabola and that the curve of shears is a series of steps which intersects at 
the centers of the panels the curve of shears for loads directly applied. These 
relations hold whatever the spacing of joists or columns, provided the load 
applied to them is uniformly distributed. 

This gives a convenient method of drawing curves of shears and moments 
for any case in which the load coming to the beam either directly or through 

IV 

joists or columns is uniformly distributed. The maximum shear is — less 

the load over the support, and the maximum moment equals WL if there 
is a load at the center and in other cases is less than WL. Hence it is 
always safe to design a girder which carries a load uniformly distributed as if 
the load were applied directly to the girder. For joists equally spaced the 
moment is exact if the number of panels is even. If the number of panels 

is odd, the moment may be reduced by the ratio 7-;-7-—. Thus 

(number of panels) 1 

for three equal panels it may be reduced by % of its value, for five equal 
panels by ^5 of its value. 

Irregular Loading. Loadings which are not uniformly distributed either 
directly to the beam or to joists or columns carried by the beam sometimes 
occur in building-construction In such cases the maximum shears and 
bending moments should either be computed or found graphically by the 
methods explained in Chapter IX. 

Design of Steel Beams. Steel beams may be designed in one of four 
ways as follows: 

(1) Compute the maximum bending moment and find in the tables of 
beams in Chapter X a beam which will carry this bending moment. 

(2) Divide the bending moment by the allowable fiber-stress and so deter- 
mine the section-modulus required and choose from the tables of Chapter X 
or from the Beam Summary, Table V, at the end of the present chapter, a 
beam having this required section-modulus. 

(3) If the load is uniform, compute the required value of what is usually 
called the coefficient of strength, which is the uniformly distributed 
load which a beam 1 ft long would theoretically carry. If we multiply the 
uniformly distributed load on the beam by the span and choose a beam 
having this coefficient of strength, we have satisfied the flexural requirement. 
This coefficient of strength is given in many handbooks but has been omitted 
here. 

(4) If the load is uniformly distributed, choose from the tables at the end 
of this chapter a beam section corresponding to the given load and span. 
If the span is very short or the moment is due to a load very near the support, 
see that the value of the shearing-strength of the beam, given in the tables 
of Chapter X, is adequate. 

7. Tables for Steel Beams 

A Summary of Beam Strengths is given in Table V, taken from the hand¬ 
book Steel Construction of the American Institute of Steel Construction. 
It gives for each different kind of beam the section-modulus and the allowable 
total load in thousands of pounds uniformly distributed for various span 
lengths for beams simply supported. The beams are listed in the order of 
their section-moduli. The following abbreviations have been used in describ- 
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ing the beams: I for standard I beam; B for Bethlehem beam; G for Beth¬ 
lehem girder beam; BJ for Bethlehem steel joist; C for Carnegie beam; 
J for Jones & Laughlin Junior beam; Cm for Carnegie Mill sections; 
P for special Phoenix 1 beams. These tables contain all information needed 
for the selection of steel beams for the problems ordinarily occurring in 
building construction. The following limitations should be noted: 

(a) They may be used safely in all problems of building-construction 
involving either uniform or trapezoidal loads, provided the beams are simply 
supported, except in the case in which the joists framing into the beam are 
loaded by loads which lie beyond the beam span or in the very rare case 
where the load is trapezoidal and the beam size is determined by shear. 

(b) The load is to be taken as the total load between the ends of the beam. 

(c) Where joists are equally spaced and the number of panels is odd, the 

load may be reduced by the ratio -----——. 

(number of panels) 2 

(d) On very short spans where shear controls the section, they are over¬ 
conservative unless the load is directly applied. This is rarely important. 

(«) For cantilever beams the beam size for the negative moment at the 
support may be selected after multiplying both load and loaded length by two. 

(j) For triangular loads, such as those from a brick wall as shown in 
Fig. 1 , increase the load by This is slightly conservative if the beam size 
is determined by shear. 

Table IV gives, for angles used as beams, data similar to that given in 
Table V for beam sections. 

Table II gives data for computing the allowable load where the compres¬ 
sion flange is unsupported. 

Tables of Beam Strengths. The size of beam may ordinarily be selected 
directly from the Beam Summary just described. In cas©6 of very irregular 
loading or of high shear, reference should be made to the tables of Beam 
Properties in Chapter X. These give the allowable bending moment at 
18 000 lb per sq in, and the allowable shears at an allowable shearing stress 
of 12 000 lb per sq in. 

The tables in Chapter X give also the allowable reaction without stiffeners 
for a length of bearing-plate of in. To obtain the allowable reaction for 
other lengths of bearing-plates, multiply the value of R given in the table by 

4 d + 4 s 

In which d is the depth of beam in inches; 

x is the length of bearing plate in inches. 


For concentrated loads along the beam, multiply the value of R given in 


the table by 



2 d -f 4 x 
d + 14 


in which d and x have the meaning just explained, 
find Connections for Beams (Table III), vary somewhat in different shops. 
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The standards recommended for different beams by the American Institute 
of Steel Construction are shown in Table III at the end of this chapter. In 
the tables of Properties of Beams at the end of Chapter X, are shown values 
(w) of the strengths of these connections computed as follows: 

Power-driven rivets in bearing on the web of the beam at 30 000 lb per sq in. 

Power-driven rivets in single shear in the outstanding legs at 13 500 lb 
per sq in. 

Table III at the end of this chapter gives the required thickness of the web 
of the connecting beam to develop shear value for power-driven rivets in the 
outstanding leg of the connection angles. 

End Connections May Fail either in the rivets which connect the angles to 
the beam with which they are shipped or in the rivets connecting the out¬ 
standing legs. The first-named group is almost invariably power-driven and 
is in double shear and in bearing on the web. The connection of the out¬ 
standing legs may be by field bolts and is in single shear and in bearing on the 
web of the beam to which connection is being made. For other stresses than 
given for the values of the Institute of Steel Construction, the strength of 
the connections should be investigated. 


8. Examples 

Example 1 . It is desired to reinforce a 20-in Standard I Beam weighing 
65.4 lb per ft to carry a load of 5 500 lb per ft uniformly distributed on a 
20-ft span. What thickness of cover-plates 8 in wide should be added to 
keep the stress to 18 000 lb per sq in on the net section? 

Bending moment J'jj \VL »» X 5 500 X 20 X 20 X 12 » 3 300 000 in-lb. 

0 . . 3 300 000 

Section-modulus required - ———- — 183.33 

18 000 

5 for 20-in I (from Table IV, Chapter X) ■■ 116.95 


Section-modulus required in plates 


66.38 


Dividing by the beam depth, net area to be added by plate ■» 3.37 sq in. 
The plate and flange will each have two rivet-holes out. 

Assuming the same thickness in plate and flange, the net width of plate 
added is 8 — (4 X l/%) — 4^£ in. 

3 37 

Thickness required ■■ ——r ■» 0.75 m 
4.5 

Use %-in plate 

This is an approximate solution. More accurately we compute 


I of beam » 1 169.5 

I of plates - 8 xH — 3 — - 1 300 


Total depth — 21.5 in 5 


Rivet-holes in one flange - 
(See Equation (7) Chapter X) 


2 470 



2 470 
230 
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Value of u in Table IV, Chapter X % in 
Thickness of plate % in 


2 X V% X lM in - 2.62 sq in 
Section-modulus to be deducted for holes 

2 - 62x Gn) S21s 

The total section-modulus — 181 
The section assumed is close enough. 

Example 2 . An 18-in I 54. 7 lb Standard I beam has an 8 X /^-in plate 
riveted to the top flange. What concentrated load will it safely carry at the 
center on a 8-ft span at a fiber-stress of 16 000 lb per sq in in compression or 
18 000 lb per sq in in tension? 

I of beam — 795.5 

Area of beam ■» 15.94 sq in 

Area of plate - 8 X M " 0-00 sq in 

Distance between centroids — 9.375 in 

a ., , , , , 6.00 X 15.94 

Added / for plate - 6 00 + 15 94 ^ 9 375 ^ * 382 


Total / (See Equation (3), Chapter X) 
Distance of centroid above center of beam, 


6.00 


• 9.375 - 2.57 in 


6.00 4- 15.94 

From centroid to extreme compression fiber — 9.75 — 2.57 


- 1 177 


7.18 


M - 164 X 16 000 
From centroid to extreme tension fiber 


5 


1J77 

1157 


101.8 


2 630 000 in lb 
9.00 + 2 57 - 11.57 


M - 101 8 X 18 000 - 1 830 000 in lb 
Bending moment for 1 kip center load 

- M x 1 000 X 8 X 12 - 24 000 in lb 
j 1 830 000 

Allowable center load - - - ^ - — 76.5 kips 

Since the beam can carry 99.4 kips shear, shear will not govern. 

Example 3. Choose a rolled-steel beam to carry 1 250 lb per ft uniformly 
distributed on an 18-ft span. The total load carried is 18 X 1.25 — 22.5 K. 
Table V gives in the columnjheaded 18 the following beams for a load of 23 K; 
a 9-in Carnegie Beam 35.0 lb, 10-in Carnegie Beam 36.0 lb; and for a load 
24 K, 12-in Carnegie Beam 28.0 lb, 12-in Bethlehem Beam 28.0 lb, 9-in 
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Bethlehem Girder 36.0 lb, 12 Standard I Beam 31.8 lb. Obviously some of 
these beams are more economical than others. Which beam will be used 
depends on what is available in stock. The weight of the 28-lb beam itself 

28 

(without fireproofing) is 18 X ' ^"qqq *• 0.5 K and the total load is 23 K for 

which the section chosen is adequate. If the beam is fireproofed, add also 
the weight of fireproofing. 

Example 4. In reconstructing a building, Girder A is to take column 
loads as shown in Fig. 10. The columns are 20 ft on centers in the direction 



normal to that shown. The floor loads, live plus dead, are as follows: roof, 
60 lb per sq ft; 3rd floor, 90 lb per sq ft; 2nd floor, 90 lb per sq ft. Total 
load * above 2nd floor ■■ (60 + 90) 36 x 20 « 108 K. Because there is 
no column at the center (see (c) under A Summary of Beam Strengths) this 

may be reduced by ~ 

then % X 108 - 96 K 

Load from 2nd floor — 90 X 36 X 20 - 64 K 

160 K 

Table V shows that this requires a 33-in Carnegie or a 33-in Bethlehem 
beam at 152 lb per ft and that no beam of lighter weight will carry the load. 

* For certain types of occupancy, some reduction might be permitted in the live load 
to be carried by this girder on account of the large area required to be loaded. See Mini¬ 
mum Live Load Requirements Recommended by the Uniform Building Code Committee 
of the Bureau of Standards, or local building codes. 
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Example 5. What is the approximate deflection of the beam in Example 
4? From Equation ( 6 ), 

^ „ . 2 18 000 X (36 X 12)* A „ . 

Deflection - 1Q 29 qqq ooo x 33 ~ m 

Example 6. A beam carries a load of 30 K from a column at a point 8 ft 

from one end of a 22 -ft span. 

If we design by computing the maximum moment, 


Bending moment ->30X~X8Xl2-l 830 in K 

1 830 000 „ 

Required section-modulus - -tt- t tt- - 101.7 


Table V gives quite a range of choice with section-moduli greater than the 



value of 101.94 given for an 
18-in Standard I, 70.0 lb. 
Assume that it is desired to 
use a Standard I Beam of 
stock size. The first stock 
size having a section-modu¬ 
lus greater than that re¬ 
quired is 20-in I 65.4 lb, 
which is lighter than the 
stock 24-in I. The 20 -in I 
has a section-modulus of 
116.95 which gives ample 
margin for the weight of the 
beam itself. 

Example 7. Is the beam 
in Example 6 strong enough 
in shear? Can a standard 
connection be used? 

A glance at the values oi 
the maximum web-shear 
( V ) and maximum load on 
one end connection (W) in 
Table IV, Chapter X, shows 
them to be greater than the 
total load on this beam. 
Consequently, the web 
strength and end connection 
are satisfactory. 

Example 8 . A beam can¬ 
tilevered 8 ft carries a load 
of 400 lb per ft on the can¬ 
tilever end. Select a stock 
size of Standard I. 

Total load 8 X 400 — 
3.2 K. 


Fig. 11. Girder Supporting Brick Wall. Example 9 Double both load and 

span (see (e) under A Sum¬ 
mary of Beam Strengths), and we find in Table V that a 6-in 117.25 lb will 
carry 7 K on a 16-ft span. 
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Example 9. The wall shown in Fig. 11 is to be carried by two rolled beams 
with cover-plates at a fiber-stress of 16 000 lb per sq in on the net section. 
It is desired to use two 20-in I 65.4 lb which are available. Because of the 
thickness of wall, 20-in covers will be used. What should be the thickness of 
cover-plates? 

Assume that a 21-in wall weighs 200 lb per sq ft and that a 17-in wall 
weighs 165 lb per sq ft. 

Total load without openings 


200 X 10 - 2 000 

165 X 40 - 6 600 


8 600 X 24.9 

2140001b 

Openings 


3 (4.5 X 7) X 200 - 18 900 

6 (4.5 X 7) X 165 - 30 000 

5 (2.75 X 7) X 165 - 15 900 

64 8001b 


149 200 lb 

Weight of girder—say 

3 000 

Total load •- 

152 200 lb 

Span center to center of bearings—26./ ft. 

Load is approximately concentrated at points Pi, Pi, Ps. P 4 . 


If these were three equal spans, we could use an equivalent reduced load of 
?9 X 152 200 — 135 000 lb. (See ( e) under A Summary of Beam Strengths.) 
Exact computation of the bending moment is scarcely possible here, nor is it 

important. Take the equivalent uniform load as 140 K. 


„ M % X 140 000 X 26.7 X 12 

I 16 000 

350 

S for 2-20-in I 65.4 lb - 2 X 116.95 - 

234 

Plates must furnish 

116 


Net width added by plate (2 holes in each plate, 2 holes in each flange and 
assuming plate and flanges same thickness) 

20 - (4 X 7 A) - 16.5 


Thickness required - 0.35 in 

The thickness of plate should not be less than Yi in, which is evidently 
adequate. 

9. Tables 

The tables following have been taken from the printing dated January. 
1930, of the handbook Steel Construction, published by the American Insti¬ 
tute of Steel Construction. The use of these tables has been discussed else¬ 
where in this chapter. The attention of the reader is called especially to the 
Remarks on Stock Sizes following. 

Remarks on Stock Sizes. Not all sizes of beams are carried in stock. 

For beams of standard section, the minimum weight only is usually 
carried in stock. Of the Bethlehem and Carnegie sections, no particular 



606 


Strength of Steel Beams and Beam Girders [Chap. 16 


section can be designated as the usual stock size, though certain sizes are so 
listed in the handbook of the American Institute of Steel Construction. 

The question of sizes available for immediate delivery is, however, one 
of actual warehouse stock, which will depend on the size of warehouse and 
condition of the market. Local conditions must, therefore, be considered. 


Table II.* Beams and Girders with Laterally Unsupported Flanges t 

Allowable Stress, in Pounds per Sq In, in Extreme Fiber for Various Ratios of t/b 


f 

b 

Fiber- 

stress 

l 

b 

Fiber- 

stress 

X 

b 

Fiber- 

stress 

H 

Fiber- 

stress 

l 

b 

Fiber- 

stress 

T 

18 000 

20 0 

16 667 

25 0 

15 238 

30.0 

13 793 

35.0 

12 403 

x 

17 730 

21.0 

16 387 

26 0 

14 948 

31.0 

13 509 

36 0 

12 136 


17 475 

22.0 

16 103 

27 0 

14 657 

32.0 

13 228 

37.0 

11 873 

18 0 

17 212 

23.0 

15 817 

28.0 

14 368 

33.0 

12 949 

38.0 

11 614 


16 942 

24.0 

15 528 

29.0 

14 080 

34 0 

12 674 

39 0 

40 0 

11 360 
11 111 


l m the unsupported length, in inches, of the compression flange. b «■ the width 
of the flange in inches. * From Steel Construction, published by the American Institute 
of Steel Construction, f See Equation (11). 
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Table II* (Continued). Beams and Girders with Laterally 
Unsupported Flanges t 

Percentage of Fixed Beam Loads for Various Ratios of / b 


B 

% 

1 


H 

% 

H 

% 

/ 

b 

% 

15.0 

100.00 

20.0 

92 58 


84 65 

30 0 

76 63 

35 0 

68.90 

15.1 

99.74 

20.1 

92 43 

Brf 

84 49 

30 1 

76 47 

35.1 

68.76 

15.2 

99.61 

20.2 

92.28 

25 2 

84.33 

30 2 

76.31 

35.2 

68 61 

15 3 

99.47 

20.3 

92.13 

25 3 

84 17 

30 3 

76 15 

35.3 

68 46 

15.4 

99.33 

20.4 

91.97 

25.4 

84 01 

30.4 

75.99 

35.4 

68.31 

15.5 

99.19 

20 5 

91.82 

25 5 

83 85 

30 5 

75 84 

35.5 

68 16 

15 6 

99.06 

20.6 

91.66 

25 6 

83 69 

30 6 

75 68 

35.6 

68.01 

15.7 

98.93 

20.7 

91 50 

25.7 

83 53 

30. 7 

75.52 

35.7 

67.86 

15.8 

98.78 

20 8 

91.35 

25 8 

83 37 

30 8 

75.36 

35.8 

67 72 

15.9 

98.64 

20,9 

91.19 

25 9 

83.20 

30 9 

75.21 

35.9 

67.57 

16 0 

98 50 

21.0 

91.04 

26 0 

83 04 

31 0 

75.05 

36 0 

67.42 

16 1 

98 36 

21 1 

90.88 

26 1 

82.88 

31 1 

74.89 

36 1 

67.27 

16.2 

98.22 

21.2 

90.72 

26 2 

82 72 

31.2 

74 74 

36 2 

67.13 

16.3 

98 08 

21.3 

EZXI3 

26 3 

82 55 

31.3 

74 58 

36 3 

66 98 

16.4 

97.94 

21.4 

90.41 

26 4 

82 39 

31 4 

74 42 

36 4 

66.83 

16.5 

97.80 

21.5 

90 25 

26 5 

82 23 

31 5 

74 26 

36 5 

66.69 

16 6 

97 65 

21.6 


26 6 

82 07 

31 6 

74 11 

36 6 

66 54 

16 7 

97 51 

21 7 

89.93 

26 7 

81 91 

31 7 

73 95 

36 7 

66 39 

16 8 

97 37 

21 8 

89 78 

26 8 

81 75 

31 8 

73.79 

36 8 

66 25 

16.9 

97.23 

21 9 

89.62 

26 9 

81 59 

31 9 

73 64 

36 9 

66.11 

17 0 

97 08 

22.0 

89.46 

27 0 

81 43 

32 0 

73 48 

37 0 

65 96 

17 1 

96 94 

22.1 

89 30 

27 1 

81 27 

32.1 

73 33 

37 1 

65 82 

17 2 

96 80 

22.2 

89 14 

27 2 

81 11 

32 2 

73 17 

37 2 

65.67 

17 3 

96 65 

22 3 

88 98 

27 3 

80 94 

32 3 

73 02 

37 3 

65.53 

17 4 

96 50 

22 4 

88 82 

27.4 

80 78 

32 4 

72 86 

37.4 

65.38 

17.5 

96 35 

22.5 

88 66 

27.5 

80 62 

32 5 

72 71 

37 5 

65 24 

17 6 

96 21 

22 6 

88 51 

27 6 

80 46 

32 6 

72 55 

37 6 


17.7 

96 06 

22.7 

88 35 

27 7 

80 30 

32.7 

72 40 

37 7 


17 8 

95 92 

22 8 

88.19 

27 8 

80 14 

32.8 

72 25 

37 8 


17.9 

95 77 

22.9 

88.03 

27.9 

79 98 

32 9 

72.09 

37.9 


18 0 

95 62 

23 0 

87.87 

28 0 

79 82 

33 0 

71.94 

38.0 

64.52 

18 1 

95 47 

23 1 

87.71 

28 1 

79 66 

3* 1 

71.78 

38 1 

64.38 

18 2 

95 33 

23 2 

87 55 

28 2 

79 50 

33 2 

71 63 

38 2 

64 24 

18.3 

95.17 

23 3 

87.39 

28 3 

79.34 

33 3 

71 48 

38 3 

64.09 

18 4 

95.02 

23 4 

87.23 

28 4 

79.18 

33.4 

71.32 

38 4 

63 96 

18.5 

94 87 

23.5 

87.07 

28 5 

79 02 

33.5 

71.17 

38 5 

63 81 

18.6 

94 72 

23 6 

86.91 

28 6 

! 78 86 

33 6 

71.02 

38 6 

63.67 

18.7 

94.57 

23.7 

86.75 

28 7 

78 69 

33.7 

70.87 

38.7 

63 53 

18.8 

94.43 

23.8 

86.59 

28 8 

78 53 

33.8 

70.72 

38 8 

63.39 

18.9 

94.27 

23.9 

86.43 

28 9 

78 38 

33 9 

70.56 

38 9 

63 25 

19.0 

94 12 

24.0 

86.27 

29 0 

78 22 

34 0 

70.41 

39 0 

63 11 

19 1 

93.97 

24.1 

86.11 

29 1 

78 06 

34 1 

70.26 

39 1 

62 97 

19 2 

93 82 

24.2 

85 94 

29 2 

77.90 

34.2 

70.11 

39.2 

62 83 

19.3 

93.66 

24.3 

85 78 

29.3 

77 74 

34 3 

69.96 

39.3 

62.69 

19 4 

93.51 

24 4 

85.62 

29.4 

77.58 

34 4 

69.80 

39.4 

62.55 

19 5 

93 36 

24.5 

85.46 

29 5 

77 42 

34 5 

69.65 

39 5 

62.42 

19 6 

93.20 

24 6 

85.30 

29 6 

77.26 

34 6 


39.6 

62.27 

19 7 

93.05 

24 7 

85.14 

29.7 

77.10 

34 7 

69.35 

39.7 

62.14 

19 8 

92 90 

24 8 

84.98 

29 8 

76.94 

34 8 

69.21 

39 8 


19 9 

92 75 

24 9 

84 81 

29 9 

76 78 

34 9 

ESXiZuU 

40 0 

61.721 


l » the unsupported length, in inches, of the compression flange. b — the width of 
the flange in inches. • From Steel Construction, published by American Institute of 
Steel ConstrAction. t See Equation (11). 
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Table m. Beam Connections * 

Minimum web in connecting beam 

To develop single shear in rivets throughout standing angle legs 0.33 in. 
To develop double shear in rivets throughout standing angle legs 0 S3 in. 



* Compiled from data in Steel Construction, published by American Institute of Steel 
Construction. 
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Table m (Continued). Beam Connections * 

Minimum web in connecting beam 

To develop single shear in rivets through outstanding angle legs 0.33 in. 
To develop double shear in rivets through outstanding angle legs 0.53 in. 



* Compiled from data in Steel Construction, published by American Institute of Steel 
Construction. 
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Table in (Continued). Beam Connections * 

Minimum web in connecting beam 

To develop single shear in rivets through outstanding angle legs 0.33 in 
To develop double shear in rivets through outstanding angle legs 0 S3 in 


Size and 
length 


Weight 
inc. web 
rivets 



Size and 
length 


Weight 
Inc. web 
rivets 




4 X X H in 
2 ft 21 2 in long 


6 X 6 X % in 
0 ft 5 H >n long 



30 in, 33 in, 36 in B 

30 in C 165 lb and under 

33 m C 167 lb “ 

36 in C 192 lb ** “ 

8 in, 9 in, 10 in G 

8 in C over 30 lb 

9 in C “ 35 lb 

10 in C “ 30 1b 

6 X 6 X H in 

0 ft 8in long 

6 X 6 X V 9 in 

0 ft 11 1 2 m long 

241b 

331b 



12 in G 

15 in G 111 lb and under 

14 in C over 42 lb 

16 in G 

12 in C “ 50 1b 

16 in C over 50 lb 


* Compiled from date in Steel Construction, published by American Institute of Steel 
Construction. 
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Minimum web in connecting beam 

To develop single shear m rivets through outstanding angle legs 0.33 in. 
To develop double shear in rivets through outstanding angle legs 0.53 in. 



* Compiled from data in Steel Construction, published by American Institute of Steel 
Construction. 
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1 l A 1 16.2 1 17 36 113 02 |l0 41 1 8 68 1 7.44 | 6 51 | 5 79 | 5 21 | 4.73 | 4 34 \ 4.01 j 3 72 

* From Steel Construction, published by the American Institute of Steel Construction. 

For Dimensions and Technical Functions of Angles, see Table II, Chapter X. 



















































































Table V.* Summary of Beams for Various Uniform Loads and Spans 

Note. The attention of the reader is especially called to the Remarks on Stock Sizes, Article 9. 
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• From Steel Construction, published by the American Institute of Steel Construction. 

For Dimensions and Technical Functions of Beam Sections, see Tables III to VIII, Chapter X. 
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Note. The attention of the reader is especially called to the Remarks on Stock Sizes. Article 9 
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Note. The attention of the reader is especially called to the Remarks on Stock Sizes, Article 9. 
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From Steel Construction, published by the American Institute of Steel Construction, 
or Dimensions and Technical Functions of Beam Sections, see Tables III to VIII, Chapter X. 
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Frcm Steel Construction, published by the American Institute of Steel Construction, 
or Dimensions and Technical Functions of Beam Sections, tee Tables m to Vm, Chapter X. 
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* From Steel Construction, published by the American Institute of Steel Construction. 

For Dimensions and Technical Functions of Beam Sections, see Tables m to VIII, Chapter X. 






























Table V* (Continued). Summary of Beams for Various Uniform Loads and Spans 

Note. The attention of the reader is especially called to the Remarks on Stock Sizes, Article 9 


Art. 9] 


Tables 


619 



30 

cm pm cm 

PM PM pm ■ 

23 

24 

*<f Tt< T* "f 

CM CM CM CM 

to to 

CM PM 

© © 

• PM PM 

© © © 

PM CM CM 


28 

■M* ^ 

CM CM CM 

24 

25 

to © © © 

CM CM CS CM 

© © 

CM CM 

p- oo 

CM CM 

00 00 00 

CM PM PM 


26 

*o »o to 

CM • CM CM 

SO f- 

CM • CM 

p- oo oo oo 

CM CM CM CM • 

00 00 

PM CM 

© © 
co co 

© © © 
co co to 


24 

P» 00 00 00 
CM CM CM CM CM 

00 00 CS o- © 

CM CM CM Ol co 

© © © o © 
co co *0 fO co 

-4 -H — P'1 CO 
CO co co co co 

co to co co 

CO co co co co 


22 

o o o o o 
<0 «0 co co <0 

»-< -h CM PM 

CO co co co co 

CM cO co c^s ro 

co CO co co co 

CO -f »o © 

cO CO co co CO 

© © © © P* 
CO to CO CO co 


20 

CO co «o co *o 
CO CO fO fO co 

«t to o ^ 
CO co co co co 

© © © © I'. 
CO CO CO CO CO 

N s N O0 O' 

to to co to to 

O' O' © © © 
CO co t* M* 

V 

<s 

18 

p~ p. p» p- 

co co co co »0 

00 00 O' Ov © 
CO CO CO co 

O O © © — 
v# tf t# cf 1 

^ ^ w O CO 
^ft tf rf 

-t -+ m 
^ -V* 

►> 

13 

v 

16 


N (O ^ ^ 

^ 

•i* to to © © 
«* t* rf -«t« 

© © © 0C Ov 

T* "if 

^ o 

r. 

jg 

1 

V) 

33553 

1/) 1/) N N N 

-*« ^ -r 

t'. 00 00 O' O' 

O' O' O' — 1 1 CM 
'■* -cf to to 

N N O O M* 

© tn »o »n in 

o 

i 

* 

p~ p. p. p. 

rt* ^ 

OCOtOO- 
M 1 to to to 

«H h N »N rM 

to to to to to 

co to *0 »0 © 
to to to to Mi 

© © © © oo 
«o m to m tn 

g 

CO 

to to to to »o 

N CS tf to 

V> to to to to 

© © © © © 
to to to »o »o 

c- p- p- O' © 
to to to «o © 

— CM 

© © © © © 

d 

& 

05 

CM 

to to to to to 
to »o to »o to 

© P« O' O' O' 
to to VO to to 

S S S vO vO 

*- PM CM "f to 
© © © © © 

© © © © p. 
© © © © © 


pH 

09 

09 

09 

09 

09 

cm »+ »o 

VO to tO O vfi 

to LO O © © 
© © © © © 

p* p. p» © »-< 

© © © p* p~ 

H (N N NPO 
I s * I s - n I s * 


o 

p-i 

O *0 *0 C 'O 
vO vO C tO tO 

00 00 

VO VO N N N 

CM CO co CO 
C» N N N C* 

p- p- r-. p. p- 

oootovot- 

P P N P « 


00 

CM n CO co CO 
00 OO OC 00 00 

** to OC CO Ov 
00 00 00 00 00 

00 O' O' O' O' 

PM CM CO © 00 
O' O' O O O' 

oc oc o o — 
O' Os O' O' © 


© 

109 

87 

100 

108 

105 

00 <♦ to 00 O' 
© O' -rH 

118 

104 

121 

117 

116 

© © ■<* 00 00 
-vh N (M- 

106 

111 

132 

113 

103 


* 

111 

87 

100 

108 

105 

00 O' to 00 »o 
© — O' 'If to 

« >t O N <5 
PM © © ** *■« 

© © IO PM 00 
--00O'- 

© 44 to fO cp 

o — T* — C 

a 

I 

c 

03 

*8 

1“ 

00 CM co O 

O 00 — co 

tf M* to lO tO 
to to to to to 

O O to — © 

CM 00 00 O' CO 

© to 00 00 Ov* 

© © © © © 

59.34 

59 68 

60 48 
60.60 
60 93 

© to ©to-— 
CM © P* *■* PM 

h ^1 ^ IO 

© © © © © 

m oo to oo p 

CO to P P CM 

to © © © p* 
© © © © © 

Weight 

per 

foot 

O O O O O 

to © VO to 

CO to co CO ^ 

© © © O' © 

O' tj"0 M pi 

co to ** to 

© »o © © to 

OO 00 to CM 00 
CO CO tf Sf S' 

© © © © to 

PM © © PM 

** *r © tp 

© © © © © 

©o’ro©*~ 
© M 1 M* S' tP 

S'o'S 
a 9-8 

n C 
n G 
n B 
n B 
n B 

n C 
n C 
n C 
in I 
n C 

m C 
n B 
n I 
n C 
in B 

c c c c d 

OOOMC 
c c c c c 

L 


VO © to VO CM 

© CM to © 

© to to PM 

2 j o to »o 

CM © © © PM 


% 


• From Steel Construction, published by the American Institute of Steel Const ruct ion 

For Dimensions and Technical Functions of Beam Sections, see Tables III to VIII, Chapter X. 
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From Steel Construction, published by the American Institute of Steel Construction, 
or Dimensions and Technical Functions of Beam Sections, see Tables III to VIII, Chapter X. 
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Note. The attention of the reader is especially called to the Remarks on Stock Sizes, Article 9 
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* From Steel Construction, published by the American Institute of Steel Construction. 

For Dimensions and Technical Functions of Beam Sections, see Tables III to VIII, Chapter X. 
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CHAPTER XVI 

STRENGTH OF BUILT-UP, FLITCHED AND TRUSSED 
WOODEN GIRDERS 

By 

R. P. DAVIS 

ASSISTANT DEAN, COLLEGE OF ENGINEERING, WEST VIRGINIA UNIVERSITY 

1. Built-Up Wooden Girders 

Built-Up Wooden Beams. Wooden beams or girders, built up of planks, 
spiked or bolted together side by side, are generally considered to be some¬ 
what stronger than solid girders of the same dimensions, because the planks 
will be better seasoned and freer from check-cracks, knots and other defects 
if properly inspected. This type of girder is widely used in small buildings 
where planks cost less and are more easily obtained than heavy timbers. 
Where used, care should be taken that the spiking and bolting is adequate, 
that the planking does not under-run in thickness and that the depth is 
uniform. For beams or girders 10 in or less in depth, spikes will usually be 
sufficient to bind the planks together, but for deeper beams, bolts should be 
used in addition to the spikes to prevent the planks from separating and the 
outer planks from warping and curling away from the others. 

Bolts. Two bolts should be placed at each end of the beam and every 
3 ft of its length, with spikes between. These bolts should be % in or % 
and should have full-size washers. 

Length of Planks. When a beam is thus built up, each plank should 
extend the full length of the beam. In a continuous beam, the planks should 
break joints over the supports. The planks of built-up beams should always 
be set on edge, never flatwise. 

Compound Wooden Beams. It is sometimes necessary to use a wooden 
beam for a longer span or greater load than is safe for the deepest single 
beam that can be obtained, or for a beam built up of planks. In such cases 
compound wooden beams may be used. 

Definition. By a compound wooden beam or girder is meant a beam 
built up by placing two or more single beams over one another, with the 

view of having them act 
as a single beam hav¬ 
ing the depth of the 
combined beams. 

Strength of Com¬ 
pound Beams. If two 
Fig, 1. Two Simple Wooden Beams, One over the Other, 10 by 10-in beams were 
Loaded in Middle placed one on top of the 

other, and the upper 

one loaded at the middle, the beams would act as two separate beams (Fig. 
1) and their combined strength would be no greater than if the two beams 
were placed side by side. If, however, the two beams can be joined so that 
there is no slipping of their adjacent surfaces, the compound or deepened 
beam will have four times the strength of the single beam. 
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Tests of Compound Beams. Various methods have been used to join 
beams thus placed so as to prevent the two parts slipping on each other, and 
during the years 1896-7, Edgar Kid well, of the Michigan College of Mines, 
made an extended series of tests of the efficiency of compound beams of 
different patterns. From these tests many valuable data were obtained. 
A full description of the tests, accompanied by the conclusions of the author, 
and the rules and data for proportioning the bolts and keys, of Keyed 
Beams, was published in Trans. Am. Inst, of Mining Eng eers, vol. 27. 
An abstract was published in Eng. News, vol. 37, page 149, and vol. 39, pages 
?6 and 182. 

Simple Form of Compound Beams. A form of compound beam which has 
been used in American building-construction is shown in Fig. 2, diagonal 



Fig. 2. Simple Form of Compound Wooden Beam 


boards in opposite directions being nailed to each side of the two timbers 
to prevent their slipping on each other. Professor Kidwell made nine tests 
of this type of beam. In six of the beams the ratio of span to depth was as 
12 to 1, and in three of the beams, as 24 to 1. The shorter beams gave an 
average efficiency, without much variation, of 71.4%, and the longer beams 
an efficiency of 80.7%. It was found that the beams failed by the splitting 
of the diagonal pieces or the drawing of the nails. When built with diagonal 
boards of 1to 2-in thickness, running at 45°, the working strength of such 
a beam may be taken at 65% of the strength of a solid beam of the same depth 
and of a breadth equal to the breadth of the timbers. The deflection of the 
beam, however, will be about double that of a solid beam of the same size, and 
on that account, this type of beam is not to be recommended for supporting 
floors with plastered ceilings or for carrying plastered partitions. Ten- 
penny nails should be used for lj^-in sheathing and twenty-penny nails for 
2-in sheathing. The nails should be concentrated near the ends of the diag¬ 
onals and near the junction of the timbers. For uniform loading, the diag¬ 
onals near the ends require more spikes than those near the center of the 
girder. 

Keyed Beams. The most effective type of compound beam is that in 
which the two timbers are thoroughly keyed and bolted together as in Fig. 3. 
In tests made by Kidwell on this type of fastening it was found that with oak 
keys it was possible to obtain an efficiency for spruce beams of 95%, w hile 
the deflection was about 20% more than would be expected in a solid 
beam. 

Keys. The keys may be of hard wood or cast iron and should be slightly 
wedge-shaped in order to insure a tight fit. The number, size and spacing 
of keys depend on the horizontal shear in the girder as illustrated hereafter. 

Bolts. The bolts are designed to take only tension and not to resist any 
of the lateral force. The horizontal forces on the keys result in a tendency 
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toward rocation, with a consequent separation of the upper and lower beams. 
The bolts are designed to resist this separation. 

Bxample 1 . It is required to design a deepened beam for indoor use with 
a span of 20 ft to support a concentrated load at the center of 15 000 lb with 



also an uniform load of 2 000 lb per ft including the weight of the beam. 
The following working unit stresses are specified: 


Dense select Douglas fir 

Lb per sq 

Extreme fiber-stress in bending 

1 750 

Longitudinal shear 

210 

Compression on the sides of fibers 

380 

Compression on-the ends of fibers 

1 710 


The loading is shown in Fig. 4, the moment diagram being plotted directly 
below. The maximum moment is (15 000 X 20/4) + (2 000 x 20 x 20/8) 



Fig. 4. Moment Curve for Simple Beam having a Uniformly Distributed and a 
Concentrated Load. Example 1 


— 175 000 ft-lb. The resisting moment of a beam of breadth b and depth d 
is 1 750 bd*f6. Equating the resisting moment to the bending moment, 
1 750 bd*(6 — 175 000 X 12, or M* — 7 200. As the breadth of a compound 
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beam should be not less than two-fifths of the depth, let d be assumed as 
27 in. The required value of b is then found to be 9.87 in. A value of 11.5 
in will be used to allow for bolt-holes and also for the fact that the efficiency 
of the keyed beam is somewhat less than that of a solid beam of the same sec¬ 
tion area. 

The total horizontal shear along the neutral axis from the end to any ver¬ 
tical section equals 3 M/2d f where M is the bending moment at the section. 
Hence, in this problem the total horizontal shear from the end of the beam 
to the center of the span is (3 X 175 000 X 12)/(2 X 27) * 116 670 lb. This 
shear must be resisted by the brace blocks. Assuming four brace blocks are 
used on either side of the center, the force resisted by each block is 116 700/4 
-29 170 1b. 

Since the total horizontal shear from the end of the beam to any vertical 
section is proportional to the moment at that section, the positions of the 
blocks may be found by locating those ordinates on the moment diagram 
having values one-quarter, one-half and three-quarters of the maximum 
ordinate. These distances are found to be, respectively, 1.70, 3.70 and 
6.13 ft from the supports. Since the brace block at the support may be 
moved farther to the left, if necessary, without changing the pressure which 
it must resist, the critical spacing is between blocks 2 and 3. The distance 
between these sections is 3.70 — 1.70 - 2 ft, or 24 in. For an allowable 
unit stress of 210 lb per sq in, the required net length of shearing surface on 
the timbers is 29 170/(210 X 11.5) - 12.1 in. 

The required depth of brace block is (2 X 
29 170)/(l 1.5 X 1 710) - 2.97, or 3 in. To pre¬ 
vent crushing of the block into the main timbers 
on a horizontal plane, the length of brace blocks 
must not be less than that found by the following 
method. 

In Fig. 5 let / equal allowable unit stress on S ’ ^! cs8e3 j 
end of fibers; /', the allowable unit stress on side amp c 

of fibers, 5, breadth of block; l, thickness of block and l, length of block. 

Equating the two couple moments 

Ml 4 - f'bP/6, or / - 1.225 t VJif' 




V1 710/580 - 2.12 

1.225 X 3 X 2.12 » 7.8, or 8 in 


Therefore, if cast-iron brace blocks are used, the minimum allowable 
spacing is 12.1 4-8 - 20 1 in. If timber brace blocks are used the material 
should have a high longitudinal shearing-resistance and the fibers should be 
parallel to those in the main timbers. Using white-oak blocks, and an 
allowable longitudinal shear of 315 lb per sq in, the required length of block 
based on shearing is 29 170/(315 X 11.5) — 8.05 in. As this is only slightly 
over the value of 8 in previously determined based on moments, the value 
of 8 in will be used. 

The bolts will be placed at the center of the keys. Using two bolts for 
each key, the stress in each bolt equals one-half the compressive force on the 

side of the brace block, which is ^3^ X 29 170 X ^ ~ - 4 100 lb. Using 

an allowable tension of 18 000 lb per sq in. the required area at the root of 
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the thread is 4 100/18 000 « 0.228 sq in. This requires 2^-in bolts, whose 
area at the root of thread is 0.302 sq in. The required bearing area under 
washer is 4 100/380 — 10.8 sq in. Use 4-in ogee washers, which furnishes a 
bearing area of 11.97 sq in. 

The detail of the left half of the deepened girder is shown in Fig. 3. 

2 . Flitched Beams or Flitch-Plate Girders 

Flitched Beams (Fig. 6) consisting of two timbers with a steel plate between 
or three timbers with two plates between, were widely used previous to the 


PLATE 



Fig. 6. Flitch-Plate Girder 


development of steel structural shapes. At the present time the low price 
of structural shapes has made the combination beam practically obsolete. 

The design of a flitch beam is based on equal deflection of its parts. The 
deflection of a beam varies as IVfEI , in which W is the total load; E , the 
modulus of elasticity of the material; and 1 the moment of inertia of 
the cross-section of the material. Hence W w JE w I w — W s fE s Is, in which 
the subscripts w refers to wood and s to steel. For rectangular cross-sections 
of equal depth, this equation becomes 

W w /E w b w - W a /E s b 3 

also Sip/Sg ™ W wbgfW a b\o 

from which S w /S s - E w fE a 

where 5 represents the unit stress in the outer fibers. 

For example, if Southern pine and steel are combined in a beam, with values 
of modulus of elasticity of 1 600 000 and 30 000 000 lb per sq in, respectively, 
the timber can be stressed only to 960 lb per sq in, when the steel is stressed 
to 18 000 lb per sq in. Hence the efficiency of the timber is only 55% based 
on a working stress of 1 750 lb per sq in. Furthermore, a steel plate has only 
about 50% of the strength of an I beam having the same depth and sectional 
area; hence it is not economical to use a flitched beam where I beams are 
available. 

Formulas for Flitch-Plate Girders. The following formulas have been 
derived for the strength of Flitch-Plate Girders on the basis of a stress 
in the steel of 18 000 lb per sq in and moduli of elasticity as given above. 
These values are applicable to Southern pine and Douglas fir. The thickness 
of the timber is usually about 16 times that of the steel. 

Let d — depth of beam in inches; 

b — total thickness of wood in inches; 
l — clear span in feet; 
t — thickness of steel plate in inches; 

P — total load at center of span in pounds; 

W - distributed load in pounds 
Then for beams supported at both ends, 

d* 

Safe load at middle in pounds - y (53.35 + 1 000 1) (1) 

Safe distributed load in pounds - (53.36 + 1 000 1) (2) 
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For distributed load, 


For load at middle, d " VsTr+ToOO / (3) 

V wi 

m T b^ To o oi (4) 

The bolts should be % in in diameter and spaced 2 ft on centers. Each 
end should have two bolts, as in Fig. 6. 

Example 2. What is the safe load, uniformly distributed, for a girder 
composed of three 4-in by 14-in Douglas fir timbers (3%-in by nH-in 
dressed dimensions) and two %-in by 14-in flitch-plates, with a span of 25 ft? 
Solution. By Formula (2), 


Safe load — 


2 X 13.5 


[(53.3 X 10.87) + (1 000 X .75)1 - 19 3701b 


3. Trussed Beams and Girders 


Use of Trussed Beams and Girders. For spans of over 20 ft or for heavy 

loads, beams may be trussed as in Figs. 7, 8, 9, and 10, where conditions permit 
a sufficient depth to be occupied. Types 7 and 9 are used where ample 
headroom is below the beam supports, and types 8 and 10 where it is above. 
For spans over 25 ft, types 9 and 10 are preferable to types 7 and 8, especially 
where the head room is small. 

Depth of Trussed Girder. It is desirable to give the girders as much depth 
as the conditions allow, since the deeper the girder, the smaller the stresses 
in the members. 

Composition of Trussed Girders. The beam may be composed of a single 
timber or of two or more timbers placed side by side. These timbers should 
be in one continuous length for the whole span. In types 7 and 9 the diagonal 
pieces, T, are steel rods. Where a single rod is used with a single-timber 
beam, the rod passes through oblique holes in the ends of the beam. Where 
two rods are used they pass outside the beam, or if multiple-timber beams 
are used, they are separated and the rods pass between them. 

Design. The required dimensions of the tie-rods, struts and beams, in 
any given case, must be determined by first finding the stresses developed 
in these pieces, and then the areas of cross-sections required to resist these 
stresses. The determination of the correct stresses requires the application 
of the theorem of least work, but the following approximate formulas may be 
used satisfactorily. All loads and stresses arc in pounds, all distances in feet, 
and all bending moments in foot-pounds. 

For a Single-Strut Truss (Fig. 7), the stresses in the members are as follows: 

For a Uniformly Distributed Load W over the Girder (Fig. 7) 



Fig. 7. Trussed Girder 


Tension in T 

- 5 Waj\6 h 

(5) 

Compression in C 

- 5 W/S 

(6) 

Compression in B 

- 5 Wl/32 h 

(7) 

Bending Moment in B 

- wm 2 

<*) 
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For a Concentrated Load P at Center (Fig. 7) 

Tension in T - Pal2 h (9) 

Compression in C =» P (10) 

Compression in B *» P//4 h (11) 

For a Girder Trussed as in Fig. 8, under a Uniformly Distributed Load W 
over the Girder 



Compression in 5 

- 5 Waf\6 h 

(12) 

Tension in R 

- 5 W/8 

(13) 

Tension in B 

- 5 1*7/32 h 

(14) 

Bending Moment in B 

- 1*7/32 

(15) 

For a Concentrated Load P at Center (Fig. 8) 

Compression in S 

- Paf2 h 

(16) 

Tension in R 

- P 

(17) 

Tension in B 

- P//4 h 

(18) 

For a Double-Strut Trussed Beam (Fig. 9) with a Uniformly 

Distributed 


Load W over the Girder 



Tension in T 

- 3 Wa!8 h 

(19) 

Compression in C 

- 3 *K/8 

(20) 

Compression in B or tension in D 

- 1*7/8 k 

(21) 

Bending Moment in B «■ 1*7/72 

For a Concentrated Load P over Bach of the Struts C (Fig. 9) 

(22) 

Tension in T 

- Path 

(23) 

Compression in C 

- P 

(24) 

Compression in B or tension in D 

- PH 3 h 

(25) 


For a Girder Trussed as in Fig. 10 and under a Uniformly Distributed Load 
over the Girder 



Fig. 10. Trussed Girder 
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Compression in 5 - 3 WafB k (26) 

Tension in R - 3 Wf& (27) 

Tension in B or compression in D — Wl/S h (28) 

Bending Moment in B — W7/72 (29) 

For Concentrated Loads P Applied at Joints 2 and 3 (Fig. 10) 

Compression in S — Pafh (30) 

Tension in R — P (31) 

Tension in B and Compression in D — Pl(i h (32) 


Trusses constructed as shown in Figs. 9 and 10 should be divided so that 
the rods R , or the struts C, shall divide the length of the girder into three 
equal or nearly equal parts. The distances /, h and a are measured along the 
axial lines of the members. 

After determining the stresses in the members by these formulas, the areas 
of the cross-sections may be computed by the following rules: 

a r .. f « Compression in strut 

Area of cross-section of short strut C - --- (33) 

Oc 

in which S c for cast iron may be taken at 14 000 lb per sq in and for wood as 
given in Table I, Chapter XX. 

The size of the long struts S and D (Figs. 8 and 10) should be determined 
by means of Table XLVII, Chapter XX, and Tables V and VI, Chapter XIV. 

The diameter of the tie-rods may be obtained from Table II, Chapter XI. 

For the beam B, when the load is distributed, compute its necessary cross- 
section area as a strut (Figs. 7 and 9) or a tie (Figs 8 and 10), and also the 
area of cross-section, as a beam, required to support its load, and use a beam 
with a section equal to the sum of the two sections thus obtained. 

Area of cross-section of B to resist 
tension or compression 

In the trusses shown in Figs. 7 and 8 with distributed loads, 

Breadth of B (as a beam), 6-9 IF7/4 Si,d* (35) 

In the trusses shown in Figs. 9 and 10, with distributed loads, 

Breadth of B (as a beam), b - H7/.S&d 2 (36) 

W denotes the total distributed load in pounds on the girder; /, the span 
of the girder in feet; the depth of the girder in inches; 6, the breadth in 
inches; and St, St and S c the allowable bending, tension and compression 
stresses, respectively, in lb per sq in. (See Table I, Chapter XX.) The 
value of St may be taken equal to S&. 

When the loads are concentrated over the struts C or at the joints R , the 
transverse stress in the beams B may be neglected, but in proportioning 
for the compressive or tensile stress, the required area of cross-section should 
be increased about 20% to provide for the transverse stress. 

The allowable unit stress on a surface of timber oblique to the grain may be 
obtained from the Hankinson formula: 


tension compression 

- or —- 


St 


S c 


(34) 


P 


s 


* cos 1 0 + sin 2 $ 
9 
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s — allowable compression unit on the inclined plane; 
p — allowable compression unit on the ends of the fibers; 
q — allowable compression unit on the sides of the fibers (perpendicular to 
the grain); 

$ — angle made by the plane with the direction of the fibers. 

All dimensions are expressed in inches. The value of p may be taken one- 
third greater than that given for short columns. 

Example 3. It is required to design a trussed girder of the form shown in 
Fig. 7, for a span of 22 ft. The girders are to be 10 ft on centers and are to 
carry a floor load of 100 lb per sq ft. We can allow the rod T to come 3 ft 
4 in below the center line of the beam B. By computation a is found to be 
11.54 ft. 

Solution. The total load on the girder equals 100 lb, times the span, times 
the distance of the girders on centers: or, 100 X 22 X 10 - 22 000 lb. 

From Formula (5), tension in T « (5 X 22 000 X 11.54) + (16 X 3.33) - 
23 820 lb. Using an upset rod and allowing 16 000 lb per sq in for steel rods, 
we find from Table II, Chapter XI, that we must use a diameter of lj^ in. 
If a unit stress of 18 000 lb is used, the diameter will be lj g in. 

The beam B will be made of dense select Southern pine. From Formula (7) 
we find the compressive stress = (5 X 22 000 X 22) -5- (32 X 3.33) — 22 710 
lb. With the beam braced laterally by the floor, assuming the allowable 
unit compression to be 1 285, the required area to resist compression — 
22 710/1 285 ■= 17.67 sq in. For a depth of 11.5 in the required breadth 
-17.67/11.5 - 1.54 in. 

From Formula (35), the breadth required to resist the transverse loading, 
assuming a dressed depth of 11.5 in and using an allowable bending unit 
stress of 1 750, is (9 x 22 000 X 22)/(4 X 1 750 X 11-52) „ 4.70 in. The 
total required breadth is therefore 1.54 -f 4.70 — 6.24 in, hence an 8 by 12-in 
beam, dressed to 7 by ll}^ in, will be used. 

By Formula (6) the stress in C =» (5 x 22 000)/8 - 13 750 lb. The theo¬ 
retical sectional area in square inches necessary to resist this stress — 
13 750/14 000 ~ 0.982 sq in for cast iron, and 13 750/1 285 - 10.70 sq in for 
timber. The strut bears on the sides of the fibers on the beam B, hence 
the required bearing area, based on a unit of 380, is 13 750/380 — 36.2 sq in. 
A 6 by 8-in strut, dressed to 5^ by 7)^ in, furnishes an area of 42.2 sq in. 
A casting will be used at the bottom of the strut. 

The angle between the plane of end washers and the direction of the fibers 
of the wood is about 73°, hence the allowable unit pressure is 1 330, based on 
an allowable unit bearing on the ends of the fibers of 1 713 and on the sides 
of the fibers of 380 lb per sq in. The bearing area required is 23 820/1 330 
— 17.9 sq in. A 5}^-in ogee washer, with a lj^-in diameter hole, furnishes 
a net bearing area of 18.9 sq in. 

Example 4. It is required to design a trussed girder of the form shown in 
Fig. 9 for a span of 33 ft. The girders are to be 12 ft on centers, and are to 
carry a floor load of 150 lb per sq ft. The girder consists of three strut beams, 
side by side, and two rods. We will allow the rods TDT to come 2 ft below 
the beam B, and we will assume that the depth of the beam B will be llj^ in. 
By computation a is found to be 11.28 ft. 

Solution. The total load on the girder equals 150 lb times the span, 
times the distance of the girders on centers, or, 150 X 33 X 12 — 59 400 lb. 
The size of TDT will be governed by the stress in 7\ as this is greater than that 
in D. From Formula (19), tension in T - (3 X 59 400 X 11.28)/(8 X 2.48) 
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—101 300 lb. Using two upset rods, with an allowable unit fiber-stress of 
18 000 lb per sq in, we find that a diameter of 2 in is required. 

The beams B will be made of dense select Douglas fir. From Formula (21) 
we find the compressive stress — (59 400 X 33)/(8 X 2.48) — 98 800 lb. 
With the beam braced laterally, the allowable unit compression is 1 285, 
hence the required area to resist compression — 98 800/1 285 «■ 76.9 sq in. 
For a depth of 11.5 in the required breadth «* 76.9/11.5 - 6 69 in. 

From Formula (36), the breadth required to resist the transverse loading, 
on the basis of a dressed depth of 11.5 in, and using an allowable bending 
unit stress of 1 750 «■ 59 400 X 33)/(I 750 X 11.5*) — 8.48 in. The total 
breadth — 6.69 + 8.48 — 15.17 in, hence the strut beams will each be 6 by 
12 in, dressed to 5?^ by 113 ^ in. 

By Formula (20) the stress in C - 3 X 59 400/8 - 22 300 lb. The theo¬ 
retical sectional area in square inches necessary to resist this stress* 
22 300/14 000 » 1.59 for cast iron and 22 300/1 285 — 17.35 for dense select 
Douglas fir. The bearing on the beam B is on the sides of the fibers, hence 
the required bearing area, based on a unit of 345, is 22 300/345 — 64.6 sq in. 
In order to provide for proper end bearings a timber strut 6 by 12 in, dressed 
to S% by llj^ in, will be used. A 6- by 21-in steel plate will be used at the 
top. The required thickness based on an allowab le unit stress of 18 000, 
is l = VI X 22 300 (21 - 11.5)/(8 X 18 000 X 6) - 1 21, say 1 % in. 
(Fig. 11.) 


The angle between the plane of the end washer and the direction of the fibers 


of the wood is about 77°, hence the 
allowable unit pressure is 1 430, 
based on an allowable unit bearing 
on the ends of the fibers of 1 713 
and on the sides of the fibers of 
345. The bearing area required is 
101 300/1 430 - 70.8 sq in. Using 
a washer 21 in long, the required 
width is 70.8/[21 - (2 X 2.06)] - 
4.19 in. A width of 8 in will be 
used. 

The maximum bending moment in 
the washer is at the center of the 
rod and equals (101 300 X 3.84/3) 
- (101 300 X .97/4) - 105 200 in-lb. 
But net width of the plate is 8 — 
2.62 - 5.38 in. Using a flexural stress 
of 24 000 lb per sq in, the required 
thickness, f, of the plate is 24 000 X 
5.38 <*/6 * 105 200 or / - 2in. 



Figs. 11 and 12. Details of Strut 
Example 3 


A detail drawing of the washer under the struts C is shown in Fig. 12. 
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CHAPTER XVII 

STIFFNESS AND DEFLECTION OF SIMPLE AND 
CANTILEVER BEAMS 

By 

C. E. PALMER 

PROCESSOR OP ARCHITECTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 


1. General Principles of the Deflection of Beams 

• Mastic Deflection of Beams. When a beam is subjected to the action of 
a system of loads the horizontal fibers on one side of the neutral axis are 
shortened (compression) and those on the opposite side are elongated (ten¬ 
sion). The beam therefore bends between supports, and all points, excepting 
those over the supports, deflect below their original position in the unloaded 
beam. 

The curve described by the neutral plane of the beam, called the Elastic 
Curve, follows very definite laws for all loading conditions which do not pro¬ 
duce flexural stress beyond the elastic limit of the material. 

The vertical ordinates to the elastic curve, measured from the unloaded or 
horizontal position of the neutral axis, are the vertical deflections of the beam. 

General Equation for Deflection. The deflection of any beam, under a 
given system of loading, varies directly with the magnitude of the applied 
load or loads, and the cube of the span; and inversely as the modulus of elas¬ 
ticity of the material of which the beam is composed and the moment of 
inertia of the section of the beam referred to the axis about which bending 
takes place. 

The general equation for deflection, as derived in all standard works on 
Mechanics, may be expressed as follows: 


A 


WIJ 

aEI 


( 1 ) 


in which W 
L 
a 
E 
I 


total load on beam span; 

length of span in units in which deflection is desired; 
a constant depending upon the conditions of loading; 
modulus of elasticity in the same units as W and L ; 
the moment of inertia of the beam section in the same units 
as L. 


Since for any condition of loading, W can be expressed in terms of the bending 
moment and span length, the deflection may also be expressed as follows: ' 


A 


ML 2 
“ 0EI 


( 2 ) 


in which M ~ the bending moment (at the point of span where deflection 
is to be determined) in the same units as W and L, Equa¬ 
tion (1); 

/3 ■> a constant depending upon the condition of loading and the 
point of span where deflection is to be determined; 

L, E , and I are as given above. 
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From the theory of flexure of beams, M » hence, Equation (2) may be 

expressed in terms of the maximum fiber-stress on the section of the beam at 
that point of span where the deflection is to be determined, as follows: 


A - 


JL* 

c(3E 


0 ) 


in which c — distance from neutral axis of beam section to extreme fiber on 
which the unit stress is /; 

/ - the maximum unit fiber-stress at c distance from the neutral 
axis in units determined by units of M, L and —; 

/?, E and L are as given above. 


It is evident, from Equation (3), that for symmetrical beam sections, where 

c =» ", the deflection varies directly as the maximum unit fiber-stress and 

the square of the length of span, and inversely as the depth of the beam 
section and the modulus of elasticity 

The values of 0, Equation (3), for maximum deflection'- in the more com¬ 
mon cases of loading conditions, are given in the following table. 


Table I. Values of £ in Equation (3) 


Type of beam and condition of loading 

0 

Simple Beam; Concentrated Load at Center. 

12 00 

Simple Beam; Uniform Load over Entire Span . 

9 60 

Simple Beam; Triangular Load, Apex at Center Line of Span 

10.00 

Simple Beam; Two Equal Concentrated Loads at }i points of 


Span . . . . . . 

9 39 

Simple Beam; Any Irregular System of Loads (approx ) 

10 SO 

Cantilever Beam; Concentrated Load at Free End . .. 

3.00 

Cantilever Beam; Uniform Load over Span . 

4.00 

Cantilever Beam; Concentrated Load at L 2 (Free End).. 

4.80 

Cantilever Beam; Any Irregular System of loads (approx.) at 


free end. 

3 50 


Stiffness of Beams. The ratio of the deflection to the span, A/L, is called 
the stiffness factor of the beam Where beams are to support plastered 
ceilings, experience has established a maximum value for the stiffness factor 
of 1/360. 

In this connection it should be pointed out that the deflection due to dead 
loads, with the exception of the plaster work itself, has taken place before the 
plaster is applied, hence a correct statement of deflection limitation to avoid 
plaster cracks, is: The deflection due to live-load must not exceed 1/360 
of the span length in inches. 

In first-class work it is desirable to limit the deflection not only to provide 
absolute safety against cracking of plaster work but also to provide a certain 
degree of stiffness for the sake of general appearance, and in such cases a 
stiffness factor of 1/360 for combined dead and live load is adoDted. 
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In structures where stiffness limitations arc to be considered, deflections 
must be calculated since in many cases the deflection rather than flexural 
strength of the beam may be the governing factor. 


2 . Deflection of Steel Beams 

Equations (2) and (3) are applicable to beams of any material for which 
the value of the modulus of elasticity, E , is known and to any system of load¬ 
ing for which the value of /3 is known. 

It is expedient, however, to reduce Equation (3) to more convenient terms 
for beams of any given material and for assumed loading conditions. For 
steel of the structural grade the value of the modulus of elasticity and the 
allowable working unit stress in flexure are* 

E - 29 000 000 lb per sq in 
/ - 18 000 lb per sq in 

The deflection of steel beams under full allowable uniformly distributed load, 
as given by Equation (3), is: 

fL* 2 (18 000^) V v 144 
m “ X " c0E " 9.6 (</) 29 000 000 

or 

Amax ~ 0.01862 ~ (4) 

a 

in which L — span of beam in feet; 

d - depth of beam in inches for sections symmetrical about 
the N.A. (neutral axis), or equal to two times the greater 
distance from the N.A. to the extreme fiber (2 X c) for 
unsymmetrical sections; 

Amax “ the maximum vertical deflection in inches. 

For any fiber-stress other than 18 000 lb per sq in, the coefficient of L x jd 
in Equation (4) may be found by direct proportion, thus for a maximum 
flexural stress of 16 000 lb per sq in the maximum deflection is 

TI< 001862 >7 

and for / ** 10 000 

Amax 

It should be noted that deflections are direct functions of the flexural stress 
and that when smaller stresses than the maximum allowable unit values are 
developed under any system of loading the resulting deflections are corre¬ 
spondingly smaller than those obtaining for maximum allowable stress values. 

From the values given above the following table of deflection coefficients 
is readily obtained by adopting values of L, the span in feet. 


- 0.01655 — 

a 

L* 

- 0.0103 =? 

d 
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Table n. Coefficients of Deflection for Uniform Load * 


Span, 

feet 

/(lb per sq in) 

Span, 

feet 

/(lb per sq in) 

10 000 

16 000 

18 000 

10 000 

16 000 

18 000 

3 

0 

093 

0 149 

0 168 

27 

7 533 

12.066 

13.574 

4 

0 

165 

0.265 

0.298 

28 

8 102 

12.977 

14.599 

5 

0 

259 

0 414 

0.466 

29 

8.691 

13.920 

15.660 

6 

0 

372 

0.596 

0.670 

30 

9.301 

14.897 

16.759 

7 


502 

0.811 

0.912 

31 

9.931 

15.906 

17.894 

8 


661 


1.191 

32 

10 582 

16 949 

19.067 

9 


837 

KltJ 1 

■V il 

33 

11.254 

18.025 

20.278 

10 


034 


■ 

34 

11 947 

19 134 

21.526 

11 

1 

250 

w ^ i i 


35 

12.693 

20.276 

22.870 

12 

1 

488 

* tj 

2.681 

36 

13 393 

21.451 

24.132 

13 

1 

746 

2.797 

3.146 

37 

14.161 

22.659 

25 516 

14 

2 

025 

3 244 

3.649 

38 

14.923 

23.901 

26.888 

15 

2 

325 

3.724 

4. 189 

39 

15 717 

25.175 

28.319 

16 

V 

646 

4 237 

4.767 

40 

16 535 

26.483 

29.793 

17 


987 

4 783 

5.381 

41 

17 372 

27 823 

31.301 

18 


348 

5 363 

6.033 

42 

18 229 

29.197 

32.846 

19 


730 

5.975 

6.722 

43 

19.108 

30.604 

34.429 

20 


134 

6.621 

7.449 

44 

20 007 

32 044 

36.049 

21 

4 

557 

7.299 

8 211 

45 

20.926 

33 517 

37.706 

22 

5 

001 

8 011 

9.012 

46 

21 868 

35.023 

39 401 

23 

5 

467 

8.756 

9.850 

47 

22 828 

36 562 

41.132 

24 

5 

952 

9.534 

10 725 

48 

23 811 

38.135 

42.902 

25 

6 

459 

10 345 

11 638 

49 

24 813 

39.741 

44.709 

26 

6 

986 

11.189 

12.588 

50 

25 941 

41.379 

46.541 


• For Concentrated Center Load Coefficient — 0.80 of above values. For Triangular 
Loading, apex at C.L. Coefficient — 0.96 of above values. For Equal Concentrated 
Loads at H points Coefficient — 1.02 of above values. For Irregular Loading (approx.) 
Coefficient «* 0.92 of above values. 

To Find the Deflection in Inches of any Structural Steel Section symmetrical 

about the neutral axis, divide the coefficient in Table II corresponding to the 
span and fiber-stress by the depth of the section in inches. For unsymmet- 
rical sections divide the coefficient corresponding to the span and the fiber- 
stress by twice the distance from the neutral axis to the extreme fiber. When 
the maximum unit stress is a value other than one of the values given in 
Table II, the deflection may be taken for one of the given values and reduced 
to the correct value by the proper ratio of actual stress to tabular stress, as 
explained in Example I. 

Span Limits for Steel Beams. It has been pointed out in the discussion of 
Stiffness of Beams that the deflection in first-class work should be limited to 
1/360 of the span length. Equation (4), in which / 18 000, and the load 

uniformly distributed, may be expressed as follows: 

g 0.01862 ~ 

360 d 

or § - 1.79 

L - I.7W 


or 


(5) 
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in which L — the span length in feet; 

d * depth of the section (or 2 X Cmax) in inches. 

In a similar manner the relation between the span and depth for maximum 
allowable deflection and existing maximum fiber-stress can be found for any 
condition of loading. 

These relations, for the more common cases of loading, are given in 
Table III. 


Table m. Ratios of L/d for Deflections = 1/360 Span 


Beam and loading 

L (feet) 

d (inches) 

/ - 16 000 

m 

Simple Beam; Concentrated Load at Center .. 

2.52 

2.24 

Simple Beam; Uniform Load over Span. . . 

Simple Beam; Triangular Load, Apex at Center 

2.01 

1.79 

Line of Span. 

Simple Beam; Two equal concentrated loads at 

2.09 

1.86 

one-third points of span. 

1.97 

1.75 

Simple Beam; Any irregular loading (approx ) . . . . 

2 19 

1 95 

Cantilever Beam; Concentrated Load at Free End . 

0.63 

0 56 

Cantilever Beam; Uniform Load over Span. . . . 

Cantilever Beam; Concentrated Load at L/2 

0.84 

0.75 

(at Free End). 

1.09 

0.90 

Cantilever Beam; Any Irregular Loading (approx ) 

0 73 

0.65 


Approximate Deflections of Steel Beams. In practice it frequently occurs 
that a beam is subjected to a system of unsymmetrical or irregular loads for 
which no coefficient of deflection is readily available. An analytical solution 
of such a case requires considerable labor, and often an approximate value 
of the maximum deflection (within 10 to 15%) is sufficiently accurate for 
practical purposes. 

It will be noted that in the preceding tables a value is given for approxi¬ 
mate deflections of irregular systems of combined concentrated and uniform 
loads. 

The given load system may also be reduced to an equivalent uniform load, 
or a uniform load which produces the same maximum bending moment, and 
the coefficients of Table II corresponding to the maximum unit stress divided 
by the depth of the section (or by 2 <* ma x) will give the approximate deflec¬ 
tion. The method of equivalent uniform loads gives an excess of from 20 
to 30% for single concentrated loads at the center and between the center 
and quarter point of span, but when concentrated loads occur to each sjde 
of the center and when the beam carries uniform load together with a series 
of concentrated loads the method of equivalent uniform load deflection 
gives much less excess values than the above extreme cases. 

Examples of Deflections of Steel Beams 

Example 1 . A 12-in—CB—40.0 lb supports a uniform load of 29 000 lb. 
over a span of 20 ft 4 in. Required: the maximum vertical deflection. 

29 000 

Mmtx - —— X 20.33 X 12 - 885 000 lb-in 

O 
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The section-modulus, axis 1—1 


8 85 000 
52.28 


52.28 in 3 

- 16 950 lb per sq in 


The deflection coefficient (Table II) for L — 20.33 ft and for a fiber-stress of 

16 000 is, by interpolation, 6.847. Then A m ax - ! ~ 77^ X ■" 0.605 in 

16 000 12 


Example 2. A 20-in—Beth. B—73 0 lb of a span * 24 ft 0 in is loaded as 
follows: (a) Uniform load over span of 40 000 lb; (6) concentrated load at 
each one-third point of span of 12 000 lb. Required, the maximum vertical 
deflection. 


M a 


40 000 X 24 X 12 
8 


1 440 000 lb-in 


M b 


12 000 X 24 X 12 
3 


152 000 lb-in 


The section-modulus of the beam, axis 1 — 1 =* 148.5 in 8 


Ja 


h 


1 440 000 
148.5 


9 700 lb per sq in 


1 152 000 
148 5 


7 780 lb per sq in 


The deflection coefficient, for uniform load, corresponding to a span of 
24 ft and a fiber-stress of 10 000 lb per sq in (Table II), is 5.952. For two 
equal concentrated loads at the one-third points of span this coefficient must 
be multiplied by 1.02 (see note below Table II). Then: 


9 700 5.952 

° " 10 000 X 20 


• 0.288 in 


A* 


7 780 5.952 

10 000 X 20 


X 1.02 


0.237 in 


Total maximum A - 0.525 in 


Example 3. Let it be required to calculate the approximate vertical deflec¬ 
tion of the 14 in—CB—58.0 lb, loaded over the span of 24 ft 0 in, as shown in 
Fig. 6. 

The maximum moment occurs at 11.20 ft from the left reaction, and is: 

M max - 129 750 lb-ft 
The section-modulus, axis 1—1, is 85.58 in 8 


/max 


129 750 X 12 
85.58 


18 150 lb per sq in 


The approximate maximum deflection may be determined by using the 
correction factor for irregular loading given below Table II and the deflection 
coefficient corresponding to the span and fiber-stress given in Table II, or: 


Amax (approx.) 


18 150 v 10.725 
18 000 X 14 


X 0.92 


0.715 in 


The approximate deflection by the equivalent uniform load method, that 
is, assuming a substitute uniform load which will produce the same maximum 
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fiber-stress as the given loading, is found by using the proper coefficient for 
uniform loads as given in Table II: 

4 , x 18 150 10.725 

Amax (approx.) - X —- 0.775 in 

The vertical deflection as determined by the graphical method illustrated 
in Fig. 6 is 0.775 in. 

Example 4. A lintel supporting a 13-in brick wall over a span of 10 ft 0 in 
is composed of two 6 X 4 X %-in angles, long legs back to back. The total 
triangular load, assuming a base angle of 45°, and a unit weight of wall 
(plastered one side) at 126 lb per sq ft, is IF — 4 536 lb. 


4 536 X 10 X 12 
6 


> 90 720 lb-in 


The section-modulus, axis parallel to short legs, is 5.31 in 3 , and N.A. is at 
2.03 in from back of short legs, or Cmax - 3 97 in. 


/max 


90 720 
5.31 


17 100 lb per sq in 


The coefficient of deflection for uniform load for a span of 10 ft and /— 
18 000 is, 1.862. The correction factor for triangular loading as given below 

Table II, is 0 96. Then X - X 0.96 - 0.214 in 

Lateral Deflection of Beams. The compression flange of a beam is subject 
to column action, hence, if such a flange is unsupported laterally, lateral 
deflection will take place. The amount of such deflection is Indeterminate 
since the flange area in compression is partially supported by the area in 
tension and since the compressive stress throughout the flange is variable. 
The important consideration is to provide an excess section for laterally 
unsupported beams such that the combined compressive stresses due to 
vertical bending and lateral bending do not exceed the safe working unit 
stress. 

This result is accomplished by decreasing the allowable working unit 
stress as the laterally unsupported length of the compression flange increases. 
Through experience it has been established that no reduction in the working 
unit stress is necessary until the unsupported length of the compression 
flange exceeds 15 times its breadth. 

The following table gives the permissible percentage of the maximum work¬ 
ing unit stress for various ratios of the unsupported length of the compression 
flange to its breadth: 


Table IV. Allowable Percentages of Maximum Working Unit 
Stress for Various Ratios of Length to Breadth of Unsupported 
Compression Flange 


Ratio 

L 

b 

% 

of 

hmx 


98.5 

nfl 

97.1 

Itl 

95.6 

mm 

94.1 

20 

92.6 


Ratio % 

k ot 

b /max 


Ratio % 

L of 

b /max 


26 83.0 

27 81.4 

28 79.8 

29 78 2 

30 76.6 


Ratio <y 0 

k. of 

b /max 


Ratio 

L 

b 

% 

of 

/max 

36 

67 4 

37 

66.0 

38 

64.5 

39 

63.1 

40 

61.7 























Art. 2] 


Deflection of Steel Beams 


649 


In addition to the lateral deflection resulting from vertical loads, additional 
lateral deflection may result from the thrust of floor arches or from other 
loads acting normal to the plane of principal bending. 

The thrust of floor arches should be reduced by the introduction of 
intermediate lateral supports in the form of tie-rods. If tie-rods are pro¬ 
vided at the one-third points of span (as in the usual procedure), 


/max 


c \ _ 8 _ Mh c i 
I x + 90 I t 


( 6 ) 


in which M v 
M h 


a 

h 


i! 

h 


moment of vertical loads; 

moment of horizontal loads (no supports); 

reciprocal of section-modulus, axis normal to vertical plane; 
reciprocal of section-modulus, axis normal to horizontal plane. 


Examples of Lateral Deflection 

Example 1. Let it be required to determine the maximum allowable uni¬ 
form load for a 15-in Beth. Girder Bm —74.0 lb over an unsupported span 
of 24 ft 0 in and a maximum allowable working unit stress for laterally sup¬ 
ported beams of 18 000 lb per sq in. 

The properties of the given beam section are: 


or 


b - 10.75 in 

^i-i — 119.03 in 3 (section-modulus) 

W y 24 y 12 

Jkfmax - - — ■■■■ * - 119.03 X 18 000 

O 


JP(flxed) - 59 515 lb (beam supported laterally) 


L 24 X 12 
b " 10.75 


26.79 


From Table IV, the percentage of maximum stress allowable is 81.74, 
hence, the allowable safe load is 

W - 59 515 X 0.8174 - 48 648 lb 


Example 2. A typical interior floor panel of flat tile arch floor construction 
is 18 ft 0 in X 18 ft 0 in. The beams are spaced 6 ft 0 in on centers (span of 
arch); the design loads are: dead load ■» 100 lb per sq ft and live load — 
75 lb per sq ft. 

The arch thrust due to live load on one side of the beam only is H — 

^ X 75 X X 18 - 9 600 lb for a 10-in tile arch. The total vertical 

load Give load on one side only) is (6 X 18 X 100) + (3 X 18 X 75) - 
14 850 lb. 

Tie rods are to be placed at the one-third points of the beam span providing 
intermediate supports, and laterally the beam *is, therefore, a continuous 
beam of three spans, but with somewhat yielding supports. A bending 
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moment coefficient of 1/10 may be employed for the lateral moments, 
then: 

M v - 14 X 18 X 12 - 400 000 lb-in 

O 

M h - -jj X X 18 X 12 - 32 000 lb-in 

A 9 in—CB—29.0 lb will be assumed, giving: 

Si-i — 28 0 in 3 
•S 2-2 * 6.6 in 3 
Width of flange - 6.50 in 
The maximum, combined unit fiber-stress is: 

r 400 000 23 000 , „ _ lf _ 

/max - 2 g^- + — 66 - - 17 800 lb per sq in. 

If the tile arch is properly constructed the compression flange of the beam 
is supported laterally throughout its length. However, without this support 
.72 

the Lfb ratio between tie-rods is — =*111 and full maximum unit stress is 

6.5 

allowable. 


3. Deflection of Timber Beams 


Allowable Unit Stresses. The allowable unit stresses for the different 
structural timbers, as specified by building ordinances, vary widely, due to 
such factors as: kind of wood; age of tree, time of year felled, method of 
sawing, proportion of heart to sap wood, and percentage of knots. 

The recent tendency is to increase allowable unit stresses, especially in 
flexure, as a result of the more careful attention which lumber manufacturers* 
organizations arc giving to the grading rules, thereby insuring timber of 
uniformly higher quality. 

Horizontal Shear. Timber beams of relatively short spans and correspond¬ 
ingly large loads must be investigated for horizontal shearing tendency. All 
timber is comparatively weak in horizontal shear resistance and often, in the 
case of short spans, beams which are apparently satisfactory for extreme 
fiber-stress are overstressed in horizontal shear. The ratio of allowable 
flexural stress to allowable horizontal shear is not a constant for various 
kinds of timber, hence no general relation between limiting span length and 
depth of section can be given excepting for a given kind of timber. The 
following table gives values of the minimum limiting ratios of the length in 
feet to the depth of beam in inches for flexural stress as a governing factor. 
Spans less than those given in Table V must be investigated for horizontal 
shear. 

In standard works on mechanics it is shown that the maximum unit hori¬ 
zontal shear on a rectangular section is: 


_ 3 V 
" 2 bd 


(7) 


in which V — the maximum vertical shear in pounds (in simple beams, the 
greatest reaction at support); 
b m breadth of beam in inches; 
d - depth of beam in inches. 
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Table V. Ratios Less than which Horizontal Shear Governs 

L(ft) /d (in) 


Kind of timber 

Values of ~ 
d 

beyond which 
Horizontal Shear 
does not govern 

Western hemlock. . 

Redwood. 

} 17 0 

Eastern hemlock. . ... 

White fir . . 

Douglas fir (Oregon and Washington) 

J 

16.0 

Southern yellow pine . . . ... 

Red and white spruce . 

Norway pme ... 

Douglas fir (Rocky Mountain) . .... 

Southern cypress . . . 

13 0 

White and red oak . . 

Northern white pine . 

Western yellow pme. . 


11 0 


Lateral Deflection of Timber Beams. In building-construction timber 
beams are generally supported laterally by cross-beams or by continuous 
floor construction. When, however, lateral support is not provided for the 
compression side of a timber beam the allowable unit stress for design should 
be reduced as the laterally unsupported distance increases, in the ratio given 
in the following table: 


Table VI. Allowable Percentages of Maximum Working Unit 
Stress for Various Ratios of Length to Breadth of Laterally 
Unsupported Timber Beams 


Ratio 

L 

b 

Per cent 
of 

/max 

10 

100 0 

15 

85.0 

20 

80.0 

25 

75 0 

30 

70 0 

35 

65.0 

40 

60 0 


Example of Design and Investigation of Unit Stresses in a Timber Beam. 
A timber beam is to be designed to support a uniformly distributed load of 
19 600 lb over a span of 9 ft 0 in. Procedure: 


M 


19 600 X 9 X 12 
8 


264 000 lb-in 


19 600 


V 


2 


9 800 lb 
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For an allowable working unit stress in flexure of 1 600 lb per sq in and an 
allowable horizontal shearing unit stress of 110 lb per sq in: 

264 000 

5l - 1 " TiS" “ 165 2 

A nominal 8 X 12-in section (actual dimensions 7^ X llj^ in) provides: 

A - 86.25 sq in 
Ii-i - 950.55 in 4 
Si -1 - 160.31 in 3 

Reference to Table V indicates that the section should be investigated for 
horizontal shear: 

3 V 3 9 800 

.-max - j X ^ - j X — - lTOlh pec sq w 

Horizontal shear is, therefore, the governing factor, and a larger section than 
that required for flexural stress must be adopted. 

Select a nominal 12 X 12-in section (llH X 11% in). 

A — 132.25 sq in, and Si-i - 253.5 in* 

3 9 800 . 


3 9 800 

* ” 2 X 132.25 


111 lb. per sq in 


The maximum fiber-stress for which the deflection shall be computed is, 
therefore: 

s-JL 
1 -Si-i 


. 264 000 ...... 

” 253 J~ ” 1 045 lb per sq in 

Modulus of Elasticity of Timber. The valves of the modulus of elasticity 
for the usual kinds of timber employed in building construction are given in 
Table VII. 


Table VII. Modulus of Elasticity of Structural Timber * 


Kinds of timber 

Modulus of 
elasticity 

Yellow, pine, Southern. 

Douglas, fir, Oregon and Washington 

} 1 600 000 

White oak. 

Red oak. 

} 1 500 000 

Hemlock, Western . 

1 400 000 

Spruce, Red and White. 

Norway pine. 

Redwood. 

Douglas fir, Rocky Mountain Region. 

Cypress, Southern. 

| 1 200 000 

White Pine, Northern. 

Hemlock, Eastern. 

White fir. 

Yellow pine, Western.! . 

J 1000 000 


See Table I, Chapter XX. 
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Timber differs from most other building materials, in that, if beam members 
are loaded to the capacity of safe working limits with permanent loads, under 
long-continued loading, vertical deflection will increase with time with no 
increase of load. For this reason most design specifications require a reduc¬ 
tion of the modulus of elasticity values as given in Table VII for fixed total 
loading. 

In consideration of the character of the loads usually encountered in 
building-construction and the relatively high proportion of design live load 
to total loads, a limit of vertical deflection to 1/360 of the span under full dead 
plus live load, based on the modulus of elasticity values given in Table VII, 
is sufficient when the timber is used in dry and sheltered locations and is free 
from excessive impact stresses. 

Deflection of Timber Beams. Equations (1), (2), and (3) are general and 
are applicable to beams of any material and any form of cross-section where 
the proper values of /, e, and E are introduced. 

From Equation (3) the deflection coefficients for the various kinds of 
structural timber listed in Table VII have been derived for a fixed value of 
/ — 1 000 . These values are given in Table VIII. For values of flexural 
unit stress other than / «=* 1 000 , the deflection can be readily determined by 
direct proportion since, for any given set of conditions, deflections up to the 
elastic limit of the material vary directly as the flexural u.iit stress. 

To Find the Deflection of a Uniformly Loaded Timber Beam, take the value 
of the deflection coefficient coi responding to the length of span in feet and 
the kind of timber from Table VIII. This coefficient divided by the actual 
depth of the beam in inches gives the deflection for a maximum fiber-stress 
of 1 000 lb per sq in and when multiplied by the actual fiber-stress in thou¬ 
sands (kips) the result is the maximum vertical deflection of the beam in 
inches. For conditions of loading other than uniform load multiply the 
result as found above by the corrective coefficient given in the notes below 
Table VIII. 

Example 1. A 12 X 12-in (11X WYi in) timber beam of Southern 
yellow pine supports a uniform load of 19 600 lb over a span of 9 ft 0 in. The 
area of the section is 132.25 sq in and Si~\ - 253.5 in*. The limiting stress 
in design of the beam is horizontal shear, 


or 


or 



v 

f 


3 9 800 

2 X 132.25 

M 

Si-1 


111 lb per sq in 


/max 


19 600 X 9 X 12 
8 (253.5) 


1 045 lb per sq in 


The deflection coefficient for Southern yellow pine, span 9 ft and / • 
1 000, is (Table VIII), 1.519 and the maximum vertical deflection is, there¬ 
fore: 


1 045 1.519 

1000 x 11.5 


0.138 in 



664 Stiffness and Deflection of Beams [Chap. 17 

Table Vm. Deflection Coefficients for Uniformly * Loaded Timber 

Beams 


/=* 1 000 lb per sq in 


Span 

in 

feet 

Southern 
Yellow pine, 
Douglas 
fir (W) 

White oak, 
Red oak 

Western 

hemlock 

Spruce 
(R.S.W.), 
Norway pine, 
Redwood, 
Douglas 
fir (RM) 
Cypress 

White pine. 
Hemlock (E), 
Western 
yellow pine. 
White fir 

4 

0 300 

0 320 

0 343 

0 400 

0 480 

5 

0 469 

0 500 

0 536 

0 625 

0 750 

6 

0 675 

0 720 

0.771 

0 900 

1 080 

7 

0 919 

0 980 

1.050 

1.225 

1 470 

8 

1.200 

1 280 

1 370 

1 600 

1 920 

9 

1.519 

1 620 

1 735 

2 025 

2 430 

10 

1.875 

2.000 

2 142 

2 500 

3 000 

11 

2.269 

2 420 

2 592 

3 025 

3.630 

12 

2.700 

2 880 

3 084 

3 600 

4 320 

13 

3.169 

3 380 

3 620 

4 225 

5.070 

14 

3.675 

3 920 

4 198 

4 900 

5 880 

15 

4.219 

4 500 

4.820 

5 625 

6 725 

16 

4.800 

5 120 

5.484 

6 150 

7 680 

17 

5 419 

5 780 

6.100 

7 225 

8 670 

18 

6 075 

6 480 

6 940 

8 100 

9 720 

19 

6 769 

7 220 

7 733 

9 025 

10 830 

20 

7 500 

8 000 

8 568 

10 000 

12 000 

21 

8.269 

8 820 

9.446 

11.025 

13 2 30 

22 

9 075 

9.680 

10.367 

12 100 

14 520 

23 

9.919 

10 580 

11.331 

13 225 

| 15 870 

24 

10 800 

11 520 

12 338 

14 400 

17 280 

25 

11.719 

12.500 

13.388 

15.625 

18 750 

26 

12 675 

13.520 

14.480 

16.900 

20 280 

27 

13.669 

14 580 

15 615 

18 225 

21 870 

28 

14.700 

15.680 

16.793 

19 600 

23.520 

29 

15.769 

16 820 

18.014 

21 025 

25 230 

30 

16.875 

18 000 

19 278 

22.500 

27 000 

31 

18 019 

19 220 

20 585 

24.025 

28 830 

32 

19 200 

20.480 

21.934 

25.600 

30 720 

33 

20 419 

21 780 

23 326 

27.225 

32 670 

34 

21 675 

23 120 

24 762 

28 900 

34 680 

35 

22 969 

24.500 

26 240 

30 625 

36.750 


* For Concentrated Center Load, Coefficient = 0.80 of above values. For Triangular 
Loading, apex at C.L., Coefficient =* 0.96 of above values. For Equal Concentrated 
Loads at H Points, Coefficient = 1.02 of above values. For Irregular Loading (approx.). 
Coefficient *= 0.92 of above values. 


Example 2, A 12 X 18-in (nominal) timber beam of Western hemlock 
has been designed to carry a uniformly distributed load of 26 000 lb over a 
span of 18 ft 0 in. The section-modulus, axis 1—1 of the actual section 
of llj^ X 17j^in,is S i_i - 586.98 in 8 . Required: The maximum vertical 
deflection. 


/max ■* 


26 000 X 18 X 12 
8 (586.98) 


- 1 197 lb per sq in 
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The deflection coefficient, from Table VIII, for Western hemlock, span* 
18 ft and / - 1 000 for uniform load, is 6.940. The maximum vertical 
deflection is, therefore: 

A 1 197 6 940 

Am “ “ fooo x T77 ~ 0A7S ,a 


Example 3. Design, and calculate the maximum vertical deflection of, 
a Western Douglas fir girder for a span of 21 ft 0 in and loaded as follows: 

(a) Uniform load over span of 6 000 lb 

(b) Equal third point loads of 5 000 lb 


/max allowable «=» 1 600 lb per sq in 
t’max (horizontal) « 105 lb per sq in 


Procedure: 

at C.L. M (a) 

at C.L. M(fi) 

I/max at C.L. span 


6 000 X 21 X 12 
8 

5 000 X 21 X 12 
3 

609 000 lb-in 


189 000 lb-in 
420 000 lb-in 


The required section-modulus is: 

c 609 000 
1-1 “ 1 600 


380.0 in* 


A nominal 10 X 16 in provides a section-modulus of 380.39 and a nom¬ 
inal 8 X 18 in provides 382.81 with respective areas of 147.25 sq in and 
131.25 sq in. 

Since the girder is to be laterally supported at each one-third point by a 
cross-beam the 8 X 18 in (width 7.5) will be sufficient to provide all neces¬ 
sary lateral stiffness between cross-beam connections, and this section will 
be adopted pending an investigation of horizontal shear. 

3 8000 r „ 
t’max - “ • 1312 - - 91.5 lb per sq in 

which is satisfactory. 

The maximum fiber stresses due to uniform and concentrated load, are: 

, 189 000 AOAl . 

/(a) “ “ 494 lb P® r SC 1 in 


/ lf>) 


420 000 
382.81 


1 096 lb per sq in 


The maximum vertical deflection at the center of span is equal to the sum of 
the deflections due to the two systems of loading. From Table VIII the 
deflection coefficient for uniform load, / ■■ 1 000 and Western Douglas fir on 
a span of 21 ft, is 8.269. The correction factor for equal third-point loada 
is 1.02, whence: 


A (a) 

A (6) 


494 8.269 ' 

1 000 X 17.5 


- 0.233 in 


1 096 8.269 

1 000 X 17.5 


X 1.02 


0.529 in 


Total - 0.762 in 
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Deflection of Beams by the Moment Area Method. The interpretation 
of the laws of deflection as given by the method of Moment Areas is exceed¬ 
ingly valuable in that it provides a simplified point of view and establishes 



Fig. 1. Deflection of Beams by the Moment Area Method 

the fundamental principles upon which graphical methods of deflections may 
be developed. See Fig. 1. 

In Fig. 1(a), let: 

y a yi> - dL «■ a short length of the neutral axis of a beam subjected to 
bending. The arc and its horizontal projection may be 
taken equal without appreciable error. 

oaf and W - two parallel cross-sections before bending; after bending 
they intersect at 0. the center of curvature. 
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Let section dd f be drawn through y& parallel to rotated position of aaf. 
e «* b*d* = shortening of a'b' 
e c *■ bd = lengthening of ab 


Let the fiber-stress corresponding to e c be/ c and the modulus of elasticity 
Then 

Sc-dL 


but 


From similar triangles 

whence 


e c 

E 


fc 

My. 

1 

c 

p 

c 

cE 

dL 

ec 

fc dL 


cE 

El 

P * 

fc 

My 


( 8 > 


In Figs. 1(a) and l(r), let the angle subtending dL (taken as horizontal 
projection of y a yb ) be in circular measure, then the angle between the 
tangents at and yt will also bo y. *1 he vertical deviation of the two tan¬ 
gents at the free end of the span, Figs. 1(a) or l(r) is. 


dy 



P 


(9) 


where L c is the distance from the centroid of. the arc y a yb to the free end of 
the span where d v is measured 

Substituting the value of the radius of curvature, p, from Equation (8), 
in Equation (9): 


e v 


Mu dL 
El 


( 10 ) 


or- the angle between the tangents at any two points along the elastic curve 
of a beam of any type is equal to the area under the moment curve, between 
those points, divided by El. 

Also from Equation (9): 

<W 

or: the vertical deflection, measured at the free end of a beam span, due to 
the bending between any t.wo points along the span, so long as the tangents 
at these points have the same sign of slope, is equal to the moment of the area 
under the bending moment curve between the two points taken about the 
adjacent free end, and divided by El. 

The total deflection at the free end is numerically equal to the sum of the 
moments of each elementary area of the bending-moment diagram between 
the free end of reference and the point at which* the deflection* is desired, 
taken about the free end and divided by El. Instead of dealing with the 
moments of each element of bending moment area, the entire moment area 
between the free end and the point of tangency may be taken so long as the 
centroidal distance, from the free end, of the area so taken is known. 

Figs. 2 and 3 showing the more common loading conditions of cantilever 
and simple beams, respectively, illustrate* clearly the general application of 
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Case I. Cantilever Beam. Con¬ 
centrated Load of P at the Free End 


Bending Moment Diagram 


A - PL x - 2 

Lc-ViL 


PL 2 
2 


Elastic Curve 

pr 2 i 

A = — X L x JTj 


PL « 
3EI 



Case II. Cantilever Beam. Uni¬ 
form Load Over Span of w Lb pei 
Lineal Ft 

IV - wL 

Bending Moment Diagram 

L.-HL 

Elastic Curve 

A " ^ (t - x l) X % L X ~ 
WL* 

“ 8 El 



Case III. Cantilever Beam. Con¬ 
centrated Load P at Any Point of 
Span —Li from Support 


Bending Moment Diagram 
A - P/,i Xy - J -j- 


L c - L - 


Li 

3 


Elastic Curve 



A fl 


PL,* 
“ 3 El 


Fig. 2. Deflection of Cantilever Beane 




Art. 3] 


Deflection of Timber Beams 


659 


w Lbs per Ft 



Case IV. Simple Beam. Uniform 
Load Over Span of w Lb per Lineal 
Ft. 


Bending Moment Diagram 



L c > ?I 6 L 


Elastic Curve 




A 


Case V. Simple Beam. Single 
Concentrated Load of P at Center 
of Span. 


Bending Moment Diagram 



L 

3 


Elastic Curve 


A 


PIS L 1 

TT X T X 
16 3 El 

PL* 

48 LI 



Case VI. Simple Beam. Equal 
Concentrated Loads of P at Third 
Points of Span. 


Bending Moment Diagram 
. _/PL L\ PL 2 

• 4 - 2 1t X 6)- — 


Elastic Curve 
PIS 
9 

PL* 
El 


X 23w 2 L x 


- 2 ?648 


El 


Fig 3. Deflection of Simple Beams 
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the moment area method of deflections. It should be noted that the tangents 
drawn at any two points along the elastic curve intersect at the centroid of 
the moment area included between these two points. This fact is clearly 
illustrated in Fig. 4. 

Unsymmetrical Loading. It should be noted that the point of maximum 
deflection does not necessarily occur at the section of maximum bending 
moment. 

If a second shear diagram is constructed, using the area of the original 
bending moment diagram as load, the maximum deflection occurs at that 
point where the second shear diagram passes through zero. 

Referring to Fig. 4, the second shear value at any distance l x from Ri is: 


but 


M /, 2 

*,- c x T 


*-77? M l) 


+ 


ML 2 * 
3L 



( 12 ) 


Fig. 4. Deflection of Simple Beam 


Ru when: 

3 (*■+#)♦ 

or 

where » ■ L\fL. 



ML 2 2 
3 L 


Ml 2 

2 Li 




- n* 


( 13 ) 
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The deflection at l is: 


M v l 2 , 1 

— X J lX EI 


PL> „ /2n~nt\ii 


(14) 


The deflection under the concentrated load may be found as follows. Draw 
the tangent to the elastic curve under the load, and at both free ends, then: 


*i - 

- (j 


R,Ll x T X 3 ; 




RtU x j x 


El 

3 LI 

1 

RiLs 3 

El 3 LI 


The slope of the tangent to the elastic curve under the load is 

5,-5, 


and the deflection under the load is 


or 


5a 4* Slope X L 2 


R 2 L t 3 R\L\ 3 — R 2 L£ Lx 

o --f- - x — 

3 El T 3 hi L 


(15) 


The value of R\ is given by Equation (12) and the value of R 2 is found in a 
similar manner. Substituting these values of R\ and R 2 in Equation (15), 
the deflection under the lead is 


r PLfiLf 

4 "izn 


( 16 ) 


If L\ — Lx — ~ it is seen that Equation (16) reduced to Case V, Fig. 3. 

Graphical Method of the Deflection of Beams. The relation between 
vertical deflection and the bending moment area as established by the moment 
area method of deflection, can be readily adapted to the methods of graphical 
analysis. 

The principal advantages of a graphical solution are: (a) the result shows 
at once the deflection of all points throughout the span; (5) the point of 
maximum deflection is given directly; ( c ) regardless of the irregularity and 
combinations of loading systems, so long as the moment diagram can be 
constructed, the vertical deflections throughout can be found as easily as 
for the case of simple symmetrical loads; (d) the method is applicable with 
equal facility to beams with overhanging ends. 

It is demonstrated in standard works on graphic statics that the bending 
moment at any point in the span of a beam is the product of the ordinate of 
the equilibrium polygon, at that point, and the pole distance from which the 
equilibrium polygon was constructed. The ordinate, or vertical intercept 
is measured to the same scale as the space drawing of the beam, while the 
pole distance is a force measured to the same scale as the load line. 

Since it has been shown by the moment area method of deflections that 
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the deflection of a given point with respect to a free end or support is numer¬ 
ically equal to the moment of the included area of the bending moment 
diagram taken about the free end or support and all divided by El , it follows 
that a second moment diagram constructed from the first bending moment 


diagram areas, taken as loads, will be the elastic curve, to some scale, for the 
given beam and loading, since for any element of length the deflection incre¬ 
ment, and the total deflection between points distant x and 0 


from the free end is: 


5 




Procedure for Graphical Method of Deflections. Referring to Fig. 5: The 
uniform loads are divided into one- or two-foot sections along the span and 
the vertical vectors representing their respective magnitude are drawn through 
the centers of each division. 

The load line a—n is constructed at any convenient scale, and the pole 
distance H of any magnitude and location desired is measured to the same 
scale as the load line. 

The equilibrium polygon (moment diagram) is drawn, remembering that 
the various rays oa y ob , oc, etc., cross the spaces between load vectors, desig¬ 
nated, respectively, by a, b , c, etc. The numerical value of the bending 
moment at any point in the span is the product of the pole distance II and 
the vertical intercept of the bending moment diagram, at that point, measured 
in units of the space scale of the beam span. 

The given span is considered to be reloaded with the area of the first 
bending moment diagram. This area is divided into convenient elements, 
and the vertical vector representing the area magnitude of each division 
drawn through its center of gravity. 

The area of each division is: average vertical intercept X II X horizontal 
length of division -• II ft*, all lineal measurements on the moment diagram 
being taken to the space scale of span. 

The second load line (area vectors) is constructed at a f —m', the magnitudes 

being taken in ft* or each being — the true value. The second pole distance 

H' is taken at any convenient magnitude to the same scale in ft* as the 
second load line, then the vertical deflections, or moments of moment-areas, 
are shown relatively by the second equilibrium polygon, drawn in the usual 
manner from the rays of the second load line. 

The deflection at any point in the span is, therefore, equal to the product 
of the vertical intercept of the second equilibrium polygon into the true value 
of H f divided by El. If the intercept y is also measured in feet to the space 
scale of span, and the deflection is desired in inches: 


A 


H X H' X y X 1 728 
El 


(17) 


Example 1 . Fig. 5 illustrates a cantilever beam of a span of 18 ft loaded 
with a uniform load of 1 000 lb per ft over the first 12 ft from the support and 
500 lb per ft over the outer 6 ft. In addition to the uniform loads, concen¬ 
trated loads of <3 000 lb and 3 000 lb are located 12 ft and 18 ft, respectively, 
from the support. The bending moment diagram is constructed from the 
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6.45 X 30 000 X 60 X 1 728 
Al “ 29 000 000 X 1 514 


. 0.457 in 


Fig. 5. Graphical Method of Determining Deflection. Example I 


11 . 66 ' 
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load line a —n with a pole distance II «■ 30 000 lb. In this example the ray 
On was taken horizontal in order to make the closing string nO horizontal 
in the bending moment diagram. Any other position of O and string nO 
would have given the same numerical results but with the bending moment 
diagram turned in a different position. For any position of the bending 
moment diagram the intercepts are always measured vertically (parallel to 
the section about which moments are desired). 

The maximum bending moment, at the support, is 

M - Vma x-U - 8.1 X 30 000 - 243 000 lb-ft 

The moment diagram is divided into 9 sections as shown, and the area of 
each section measured in square feet to the space scale of span and the vector 
representing each area magnitude placed at the center of gravity of its respec¬ 
tive area. These area vectors comprise the second load system and the area 
vector load line m' —o' constructed. 

In this example the area vector load line is Inverted in order to obtain the 
second moment or deflection diagram in its true position.. If the area vector 
load Hne had not been inverted the deflection diagram would have been 
inverted, but the numerical results as shown in Fig. 5 would not have been 
altered. 

Referring to Equation (3) and Table I, the values of (3 for approximate 
deflection values for an irregularly loaded cantilever beam, the following 
results are obtained: 

Si_i for given beam - 168.2 in* 

/max 

then: 

Am ax 

Example 2. Let it be required to determine the deflection of the beam 
loaded as shown in Fig. 6. The bending moment diagram for the given load 
system is constructed in the usual manner, described above, from the load 
line a —s and pole O, with a pole distance (taken in this case) equal to 15 000 lb. 
The position of O, in this case, taken at random produces a moment diagram 
in which the base or closing line is rotated, as shown. 

The intercepts are measured vertically regardless of the position of the 
moment diagram, and the procedure is the same as outlined in the preceding 
example. 

The position of O' with respect to the moment-area-vector load line, also 
selected at random, produces a deflection diagram which is rotated from its 
true horizontal position. If a ray be drawn through O' parallel to the closing 
string (or base line) of the deflection diagram to intersect the area load line, 
a horizontal ray through this intersection is the locus of poles O' such as 
would produce deflection diagrams with horizontal base lines. This con¬ 
struction is unnecessary since the vertical intercepts at any point are equal 
for all positions of O' as long as if' is a constant value. 

Example 3. The beam illustrated in Fig. 7 is a typical example of a span 
with an overhanging end. The equilibrium polygon is constructed from the 
load line a — u and pole O in the usual manner. The ray Ou is a component 
of the end load and also of R 2 , hence it is drawn across the space between 
the end load and R 2 to intersect Rs, thus locating point Z on the closing line. 


243 000 X 12 


168.2 


- 17 300 lb per sq in 


17 300 X 18* X 144 
9 (3.5) 29 000 000 


— 0.830 in 
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The correct position for 0 in order to produce a moment diagram with a 
horizontal closing line is given in the preceding example; however, this 
additional construction is unnecessary. It should be noted that the moment 
diagram lies partly on one side of the closing line and partly on the other and 
passes through zero at i, the inflection point. 

The areas of the moment diagram above and to the left of the closing line 
will be considered positive and those below and to the right negative. 

Where the sign of the moment areas change, the slope of the deflection 
diagram will change in sign. This condition is readily provided for by trans¬ 
posing the pole position O' from the side of the moment-area-vector load line 
where it is placed for positive areas, to the opposite side for negative areas. 

The ray corresponding to the string of the equilibrium polygon which 
crosses the space in which the inflection point is located (in the example ol') 
is then common to both pole positions. 

Two points of zero deflection, namely, the supports, define the closing line 
of the deflection diagram. 

It should be noted that the loading on the overhanging end may not be 
sufficient in magnitude to cause downward deflection throughout the over¬ 
hang, or in other words, the magnitude of the loads between the supports 
may be sufficient to cause the overhanging end to deflect upwards. In the 
example a portion of the overhanging end does deflect upward as noted. 
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CHAPTER XVIII 

STRENGTH AND STIFFNESS OF RESTRAINED, FIXED 
AND CONTINUOUS BEAMS 

By 

C. E. PALMER 

PROFESSOR OF ARCHITECTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 

1. Definitions 

Restrained Beams. In the case of a simple beam, the shortening of the 
fibers on the compressive side and the lengthening of the fibers on the tension 
side of the neutral plane result in a curvature of the same character throughout 
the span, generally convex downward. 

A restrained beam span is one in which a constraint is introduced, at or 
by a support, of sufficient magnitude to reverse the character of the curva¬ 
ture of the beam at that support from that which would exist if the beam 
were simply supported. 

A beam span may be restrained at one end and simply supported at the 
other or it may be restrained at both supports. Beams overhanging a sup¬ 
port are restrained at that support when the length of, and load on, the 
overhanging portion are sufficient to produce a reversal in the character of 
the curvature from that produced by the loads between supports. 

At a support where restraint exists there is, therefore, a reversal in the 
characters of fiber-stress on the two sides of the neutral plane. That portion 
of the beam which was subjected to compression in the central zone of the 
span is subjected to tension at and near the restrained support. 

The point where the curvature changes from positive to negative, and where 
the fiber-stresses change from compression to tension, is called the Inflec¬ 
tion Point. At this point the bending moment passes through a zero 
value, since at this point where the curvature changes character, there the 
bending moment must do likewise. 

Fixed Beams. A fixed beam span is one that is fully restrained, or one 
in which the slope of the elastic curve, at the fixed support, remains unchanged 
from its original position in the unloaded beam (usually horizontal). Beams 
may be fixed at one or both supports. 

When a beam is fixed at both supports the angular change between the 
tangents to the elastic curve at the two supports must equal zero. Jn 
Chapter XVII the angular change between any two tangents to the elastic 
curve was shown to be 



For a fully restrained, or fixed beam, therefore: 

S 0 A m 


El 


0 


U> 
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S L 

0 A M represents the net sum of the positive and negative moment 
areas throughout the span. 

An isolated fixed beam span is not a common occurrence in practice; how¬ 
ever, partially fixed or restrained beams are often encountered, especially in 
reinforced-concrete structures. 

Continuous Beams. A continuous beam is one which has three or more 
supports, usually at the same level. The end spans of continuous beams are 
said to be overhanging when they project beyond the first interior support 
and are without support at their outer ends; simply supported when the 
outer end rests upon the support without restraint, and restrained when 
the outer support provides constraint. 

A single-span beam with fixed ends may be regarded as a special case of a 
three-span continous beam with the two end spans indefinitely shortened. 

2. General Considerations of Restrained and Continuous 

Beams 

The magnitudes of the moments and shears throughout a restrained or 
continuous span depend upon the magnitude of the restraining moment at 
each support at which the span is restrained or over which it is continuous. 
The existence of an end moment in any span prevents a direct determination 
of the moments and shears throughout the span by the usual methods of 
statics. For a single span, fully restrained at both supports and sym¬ 
metrically loaded, the reactions and hence the shears may be determined by 
symmetry; however, the moments still remain indeterminate statically. 



Fig. 1. Fully Restrained Beam Uniformly Loaded 


When a single span is fully restrained at both supports and loaded with a 
uniformly distributed load as in Fig. 1(a), the bending moment at any section 
at a distance x from the left support is: 

wx* 

M x -Rvx-Ma- — 

in which Ma, the unknown fixing moment, is represented as a negative 
moment since its rotational tendency is counter-clockwise at the left support. 
From the general definition of restrained beams it is apparent that a certain 
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portion of the beam span adjacent to each of the fixed supports will possess 
the general properties and characteristics of a cantilever beam as shown 
at ( 6 ), Fig. 1; the beam may, therefore, be regarded as a short central span 
supported at its ends i—i (the inflection points) by short cantilevers. 

In order to determine the unknown fixing moments, the positions of the 
inflection points (length of end cantilevers) must first be determined. 

It has been shown in the preceding discussion, Equation ( 1 ), that the 
change in slope of the elastic curve between any two points of any span is 
equal to the moment area between these points divided by £/, and this 
relation will provide the additional equation necessary for the determination 
of the unknown end moments. 


3. Shears, Moments and Deflections for Fully Restrained 

Beams 

By definition, the fully restrained beam is one in which the tangents 
to the elastic curve at the supports remain unchanged in position as the 
beam deflects under load, or as stated by Equation ( 1 ) the total negative 
moment area equals the total positive moment area. When the loading on 
a fully restrained span is symmetrical with respect to the center line of the 
span, it is evident therefore, that the negative moment area over half the 
span equals the positive moment area over half the span. 


Case I 

Fully Restrained Beam, Concentrated Load at Center of Span. 



Fig. 2 . Fully Restrained Beam, Concentrated Load at Center of Span 
Case I 


Moment area for end cantilever - X ~ 

P 1 2 L 

Moment area for half central span * 2 2 X 7 


and since these areas must be equal: 

PL# PL# 
4 " 16 


or Li - 


PL# 

4 

PL# 

16 
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whence: 


Li - -r - 


( 2 ) 


4 2 

The maximum positive bending moment at the center of the central span is: 

ru PL 

4 " 8 

The maximum negative bending moment or the cantilever moment is: 

2 8 

The maximum vertical deflection of the central span is: 

rtLY 

PL# 


+M - : 


(3) 


(4) 


(i)' 


PL* 


J 48 El 48 El 384 U 
with respect to the free end of the cantilever. 

The maximum vertical deflection of the cantilever is: 


Ai 



3 El 3 El 


PL 3 
384 El 


The total maximum deflection at the center of the beam, with respect to the 
support, is: 


A max “ Ai + Aj 


PL* 
192 1U 


(5) 


From a comparison of these values with those for a free end beam simi¬ 
larly loaded (Fig. 3, Case V, Chapter XVII) it will be seen that the maximum 
bending moment is reduced one-half and the deflection one-fourth when the 
ends are fully restrained. 


Case II 

Fully Restrained Beam, Uniform Load throughout the Span. 



Fig. 3. Fully Restrained Beam with Uniform Load. Case II 


Moment area for end cantilevers 


wL% L \* 1 wL \* . 

T'T + 3T‘ il 
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(The second term is the area of the ex-parabolic portion.) 

Moment area for half central span — ^ ^ 

Since these areas must be equal as explained above: 

wLjLi 2 wL \ 3 wL%* 

4 + 6 " 24 

or 

6L 2 Lx^ ~1“ 4 Li* *• Z-2* 

But L >2 L — 2L\ 

Whence, by substitution and reduction: 

L* - 6LLi + 6Li - 0 
or 

L - 4.73 L x and Lx - 0.211 L (6) 

then 

L 2 - L — 2 (0.211 Z) or Z 2 - 0.577 L (7) 

The maximum positive bending moment at the center of the central span is: 
__ wZ 2 2 iv (0.577 L ) 2 wL 2 


The maximum negative bending moment, or the cantilever moment, is: 
wL 2 _ wL x 2 

- | (0.577 £ X 0.211 £ + 0.211 T) - (9) 

The maximum vertical deflection of the central span is: 

A 5 (0 577 L ) w (0 577 Z)3 wZ 4 

2 ~ 384 El " 689 El 

The deflection of the end cantilever due to end load of one-half central span 
load is: 

A (0.289) wL (0.211 Z)3 wL* 

Al " 3ii/ “ 1 105 

The deflection of the end cantilever due to uniform load is: 


, (0.211 L) w (0.211)3 W L* 


The total vertical deflection at the center of the center span is: 

wL A WL * 

A m « - Ai + Ai + A, - 


Thus, when the ends of a uniformly loaded beam are fully restrained, the maxi¬ 
mum positive bending moment is and the maximum vertical deflection is 
of the corresponding values for a similarly loaded span with free ends. 
The maximum negative moment at the supports is % the value of the max¬ 
imum positive moment for a similarly loaded span with free ends. 
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Case m 

Fully Restrained Beam, with Irregular Loading. 



Fig. 4. Fully Restrained Beam with Irregular Loading. Case III 


In this, as in the preceding cases, the plus and minus area of the bending 
moment diagram, from A to B, must equal zero, since the tangential rotation 
at B with respect to A is zero for all fully restrained beams. Moreover, for 
any condition of loading and with unyielding supports, the deflection of B 
with respect to A is equal to zero. When the bending moment area is sym¬ 
metrical with respect to the center line of span it is unnecessary to employ 
the second consideration, since the net moment areas in such cases are zero 
for each half of the span, as in Cases I and II. 

The two essential conditions, as outlined above, may be stated as follows: 


CD 


Am (A to B) 
LI 


n \ Am Id t0 ^ x Lc n 
W El 


(ID 

( 12 ) 


The resultant moment diagram for any restrained beam may be divided 
into two parts: ( a ) the simple bending moment diagram, as shown in Fig. 
4(a), and ( b) the negative bending moment diagram, as shown in Fig. 4 (b). 
From Equation (11) it is evident that the positive moment area equals the 
negative moment area, and also from Equation (12) it is seen that the center 
of gravity of the positive and negative moment areas must lie on the same 
vertical line, or g\ - gx (Fig. 4), 

The negative moment area (6), Fig. 4, may always be divided into two tri¬ 
angular areas with bases M a and Mb and if -Mm represents the area of the 
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bending moment diagram for a simple span, as at (6), then Equation (12), 
for the deflection of B with respect to A, gives: 


_ ni B L 


-- L MaL 
X 3 + 2 




+ A Sl - 0 


MbL* MaL * 


A si 


From Equation (11): 

A - 


Mb + M a r 1# , „ 2 A 

- - L or, M a -f Mb - — 


whence 


and 


Mb - M A 


Ma - ~ - Mb 


Substituting the value of Mb from (14) in (13): 
2 A 


Ma 


L* 


ds i - L) 


In like manner Equations (13) and (15) give: 
2 A 


Mb---£(2L 


3gi) 


(13) 

(14) 

(15) 

(16) 

(17) 

(18) 


When the load (hence the simple span moment area) is symmetrical with 

L A 

respect to the center line of the span, g\ « g 2 — — a °d ^ A " Mb — —, or 

the end moments are equal to the average bending moment for a freely 
supported span, and the maximum positive bending moment is equal to the 
maximum bending moment minus the average moment for the freely sup¬ 
ported span. The change in the moment conditions, from those existing 
when the beam is freely supported, amounts to a shifting of the base or refer¬ 
enceline, to occupy the position determined by Ma and M n, the end moments. 

The new base line is the right line connecting the ordinates Ma and Mb% 
as in Fig. 4, and its position, in the case of a fully restrained beam, is such that 
the area included between it and the original base line is equal to, and with 
its centroid on the same vertical line as, the moment diagram for the freely 
supported beam. 

Deflection of Fully Restrained Beams with Unsymmetrical Loading. The 

mathematical procedure involved in the determination of deflections for 
restrained beams with unsymmetrical loading is quite complex; however, 
the graphical method explained in Chapter XVII provides a simple and rea¬ 
sonably accurate method for the solution of such problems after the moment 
diagrams have been determined. The values of Ma and Mb can readily be 
determined by Equations (17) and (18) after the bending moment diagram 
for the freely supported span has been constructed. The deflection diagram 
may then be drawn, as the second moment diagram, in the usual manner. 

Example 1. Consider the fully restrained span, loaded as shown in Fig. 5. 
The moment diagram for the unrestrained span (A, 2 —7, B) is constructed 
from the load line A — h with the pole distance H « 10 000 lb. 



oUlAt-64^2 
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_ 129,84 (30 - 21.27) - 50 363 lb-ft 
225 

y m »* HU' X 1 728 

A max ** ^7 


5.55 X 10 000 X 7.5 X 1 728 
29 000 000 X 155.4 
« 0.160 in at 6.0' from right end 
Fig. 5. Fully Restrained Beam with Irregular Loading. Example 1 






076 


Strength and Stiffness of Continuous Beams [Chap. 18 


In order to determine the position of the vertical line through the centroid 
of the unrestrained moment area this moment diagram is divided into a num¬ 
ber of convenient areas as shown and the area-vector load line drawn to any 
scale as at a\ — tn\. The equilibrium polygon immediately below the moment 
diagram, drawn from this area-vector load line with any pole, Oi, locates the 
resultant, or vertical line through the centroid of the simple moment area, 
thus determining gi, and since 2.4 (» to mi) has been determined, the 
necessary data for the solution of Equations (17) and (18) are known; refer¬ 
ring to Fig. 5, the relative magnitudes of Ma and Mb in feet to the space 
scale of span, are: 

2 X 64.92 

Ma - — ~ —;-(3 X 7.09 - 15) - 3.6170 ft 

15“ 

2 X 64 92 

Mb - — ~~ r ~ — (2 X 15 - 3 X 7.09) - 5.0363 ft 
15“ 

It should be noted that the values of L and £i are measured in feet to the 
space scale of span and A is measured in square feet to the same scale. 

The values of Ma and Mb are laid off on the ordinates at A and B, respec¬ 
tively, to the space scale, and the true base line 1—8 drawn to complete the 
moment diagram for the fully restrained beam. The inflection points i and i 
are thus automatically obtained. 

The true moment diagram, thus found, is subdivided into elementary areas 
and the moment-area vector load line a' — p\ with the pole distance //' « 7.5 
sq ft, is constructed as shown. From this load line the deflection polygon is 
drawn as explained in Chapter XVII. 

The base or reference line A'B' for the deflection diagram is a right line 
drawn through points of support, A' and B' } at which the deflection is zero. 

It should be noted that the broken line connecting the deflected position of 
the inflection points is parallel to the base line A'B'. Thus, in a fully re¬ 
strained beam, the deflections of the inflection points are equal. 


4. Comparison of Freely Supported and Restrained 
Beams 


The maximum bending moments for beams which are fully restrained at 
both supports are considerably less, and the strength correspondingly greater, 
than the same beam freely supported. 

Thus, for a uniform load of W, the bending moment for a freely supported 
WL 

beam is —and for a fully restrained beam the maximum (negative) bending 
8 


WL 

moment is -jy* The strength of the fully fixed beam is, therefore, 50% 
greater than that of the freely supported beam. 

PL 

For a single concentrated load of P at the center of the span, M — — for 


the freely supported beam, and for a fully restrained beam M « — (both 

8 

positive and negative); hence the strength of the latter is 100% greater than 
that of the former. 

With respect to stiffness, the advantage of the restrained beams is much 
greater than the advantage in strength. The deflection of a freely supported 
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span under uniform load is five times as great as for the same span and load 
when the ends of the beam are fully restrained. 

For a single concentrated load at the center of span the deflection of a 
freely supported beam is four times as great as that of the same beam when 
the ends are fully restrained. 

5. Shears and Moments for Continuous Beams 

The theory of continuous beams presented in this article includes only 
those of constant cross-section, with all supports at the same level and the 
outer ends of ends spans freely supported. At each intermediate support 
there exists a negative moment and for each interior span, where the loading 
and span length of adjacent spans do not vary greatly, there are two points of 
inflection. When an end span is relatively short, the reaction at the outer 



end may become negative, and when an interior span is relatively short the 
bending moment may become negative throughout that span. 

The end spans of a continuous beam are somewhat similar to a simple beam 
with one overhanging end, while the intermediate spans are somewhat similar 
to restrained beams. 

The shears, and, therefore, the reactions, cannot be determined until the 
values of moments are known. The fundamental problem involved in the 
design and investigation of continuous beams consists of the determination of 
the negative moments at the supports. The solution of the problem requires, 
in addition to the equations of static equilibrium, the general equation of the 
elastic curve, and the result, known as Clapeyron’s Theorem of Three 
Moments, is as follows, for uniform loading: 

Referring to Fig. 6 for notation: 

A/,£, + 2 iU (£, + Lt) + M X U - - ^ (19) 

4 4 
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For concentrated loads the same theorem is as follows: 

Referring to Fig. 7 for notation: 

M\L\ 4* 2 M% (L\ + L 2 ) 4- M Z L 2 

- - 2PiLfln( 1 - n) (1 4- n)] - 2J> 2 Li* [n( 1 - n) (2 - »)J (20) 

where 'SPi and ZP 2 indicate summation of values of all concentrated loads 
in the given span, each of which is multiplied by the bracket quantity con ¬ 
taining the proper n value for each concentrated load. 



Example of the Application of the Three Moment Theorem. Uniform 
Loads. In Fig. 6, let the following numerical values be assigned: 

wi “ 600 lb per ft; L\ « 20.0 ft 

w 2 ** 1 200 lb per ft; L 2 *■ 15.0 ft 

w 3 - 1 200 lb per ft; L z - 19.0 ft 

W 4 - 900 lb per ft; Li - 16.0 ft 

and Mi • If t ■ 0. 

Equation (19) applied to spans (1) and (2) gives: 


20 Mi 4- 70 M 2 + 15 M t 


600 X 20* 1 200 X 15* 

4-4 


or 


0 + 70 M x + 15 M t - - 2 212 500 


(«) 





Shears and Moments for Continuous Beams 


670 


Art. 6] 


Equation (19 applied to spans ( 2 ) and (3) gives: 

15 M, + 68 M, + 19 M t - - -- ?° * 15 

4 

or 

15 M 2 + 68 M z + 19 Mi - - 3 070 200 
Equation (19) applied to spans (3) and (4) gives: 

19 M, + 70 Mi + 16 Mi - - 1 200 x *9 

4 

or 

19 M z + 70 M k + 0 - - 2 979 300 


1 200 X 19* 
4 


900 X 16* 
4 


(4) 


(c) 


The three Equations (a), (b ) and (r) can be solved for the three unknowns, 
Mz, Mz and M 4 . Multiply Equation ( b ) by 3 684 and subtract from Equation 
0 ), eliminating M 4 , whence: 

-55 -4 M t - 232 3/3 - + 8 370 700 (d) 


Multiply Equation (a) by 15.47 and subtract from Equation (d), eliminating 
Mz, whence: 

-1 027-5 M 2 » 4- 25 856 700 
or 

Mi - - 25 165 lb-ft 

Substituting the value of M 2 in Equation (j): 

Mz - - 30 070 lb-ft 


Substituting the value of M 3 in Equation (c): 

Mi - - 34 400 lb-ft 


The values of the reactions can be found by the method of moments since the 
moments at the supports are now known: 

To find Rif take the center of moments at R 2 , then: 

20 Ri - (600 X 20)10 » - 25,165 
or 

/?, - 4 742 lb 


To find Ri, take the center of moments at Rz, then: 

(4 742) 35 + 151*2 - (600 X 20 ) 25 - (1 200 X 15) 7.5 - - 30070 
or 

1*2 - 15 931 lb 


The value of R 2 can be found more easily by assuming the beam to be cut 
just to the right of the support at 1 * 2 . On the free end there exists a counter¬ 
clockwise moment M 2 and the shear K'j, then by taking moments about R%: 


15 V't - (1 200 X 15) 7.5 - 25 165 - - 30 070 

whence 

V't - 8 673 lb 

and since 

V 2 - (600 X 20) - l*i - 12 000 - 4 742 - 7 258 lb 


R t - V 2 + V't - 7 258 + 8673 « 15 931 lb 
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The values of # 3 ,2 ?4 and R& were calculated in a similar manner and a sum¬ 
mary of the results is: 

Ri - 4 742 lb 
R 2 - 15 931 lb 
2*a = 20 525 lb 
2*4 - 20 978 lb 
2*5 - 5 050 lb 


ZR = 67 226 lb 

The sum of reactions should just equal the total sum of loads or 67 200 lb 
The slight error is due to the omission of significant figures beyond the decimal 
point throughout the calculations. 

The shear diagram, Fig. 6, may now be constructed and the points of maxi¬ 
mum positive moments determined from the positions where the shears pass 
through zero values. 

Thus, in span (2) the shear just to the right of support R 2 is 8 673 and the 
point of maximum moment is at 8 673/1 200 = 7.23 ft. from R 2 . 

The maximum positive moment at this section is: 

+ 1/max (span 2) = 7.23 V' 2 + M % - 1 200 

- 62 703 - 25 165 - 31 364 
or 

+ A/max - 6 177 lb-ft 

The values of positive moments at all other points of any span can be 
determined in a similar manner, or may be found by taking the moments of 
the loads and reactions, as: 

•f Afmax (span 2) - R Y (20 + 7.23) + R 2 (7.23) - (600 X 20) 17.23 

7T23 2 

-1 200 X —~— - 6 180 ft-lb 

Example of the Application of the Three Moment Theorem. Concentrated 
Loads. In Fig 7 let the following numerical values be assigned. 


ttl 

6 

8 

Pi 

= 

6 000 lb 

Li = 20 ft 

n'l 

= 08 

P'l 

= 

4 000 lb 

U = 15 ft 

n 2 

= 0.5 

P2 

» 

10 000 lb 

L z = 19 ft 

ni 

d 

8 

Pi 

= 

8 000 lb 

Li = 16 ft 

n'i 

= 0.6 

P'l 

= 

5 000 lb 


*4 

« 0.4 

Pi 

m 

9 000 lb 


M x 

= M 5 = 0 






Equation (20) applied to spans (l) and (2) gives. 

20 Mi + 70 Mt + IS Mi = — 6 000 X 20* (0.4 X 0.6 X 1 4) 

-4000 xTo S (0.8 X 0.2 X 1.8) - 1 000 X IP (0.5 X 0.5 X 1.5) 
or, Equation (20) applied to spans (2) and (3) gives: 

0 + TO Mi + 15 M t + - 2 101 950 (a> 




Art. 5] Shears and Moments for Continuous Beams 681 

15-3/, + 68 M t + 19 M t - - 10 000 X 15 2 (0.5 X 0.5 X 1.5) 

— 8 000 X 19* (0.3 X 0.7 X 1.7) - 5 000 X 19* (0.6 X 0.4 X 1.4) 
or 

15 M 2 + 68 M % + 19 Mi - - 2 481 246 (b) 

Equation (20) applied to spans «(3) and (4) gives: 

19 M, + 70 J/ 4 + 16 - - 8 000 x 19 2 (0.3 x 0.7 X 1.3) 

-5 000 X I9 2 (0.6 X 0.4 X 1.6) - 9 000 X "l6 s (0.4 X 0.6 X 1.6) 
or 

19 M z + 70 Mi + 0 » - 2 366 280 (c) 

Equations (a), (b ) and (r) can be solved to determine the values of the 
unknown moments M%> M% and J/ 4 , as follows: 

Multiply (J) by 3.684 and subtract from (r), whence: 

-55.4 M 2 - 232 M z - + 6 774 620 (d) 

Multiply (a) by 15.47 and subtract from (d), whence: 

M 2 - - 25 053 lb-ft 
Substituting the value of M 2 in (a): 

Mz - - 23 216 lb-ft 
Substituting the value of M t in (r) : 

J/ 4 - - 27 502 lb-ft 

The values of the various reactions may be found as in the preceding exam¬ 
ple by the method of moments, thus: 

With the center of moments at R 2 ; 

20 Ri - 6 000 X 12 - 4 000 X 4 - - 25 053 

whence 

Rx - 3 147 lb 
and 

Vi - 10 000 - 3 147 - 6 853 lb 
Taking the center of moments at Ry. 

15 V'i + M 2 - 10 000 x 7.5 + M 9 - 0 
or 

*5 F'j - + 25 053 + 75 000 - 23 216 
V'i - 5 123 lb 

then 

R 2 . Vi + V'i - 6 853 + 5 123 - 11 976 lb 

The remaining reactions arc found in a similar manner and a summary of 
the results follows: 

R x ~ 3 147 lb 
Ri - 11 976 1b 
R t - 12 251 lb 
7*4 - 12 745 lb 
Rs - 1 881 lb 


XR - 42 000 lb - X Load! 
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The complete shear diagram and the moment diagram calculated from the 
preceding results in the manner explained in the foregoing example are shown 
in Fig. 7. 

6. Continuous Beams with Outer Ends of End Spans 

Restrained 

In the proceeding examples the outer ends of the end spans were assumed 
to be simply supported. If, however, the outer ends arc restrained, Equa¬ 
tions (19) and (20) are still applicable by assuming additional spans of infin¬ 
itely short lengths beyond the restrained outer ends. 

As an example, consider a continuous beam of two equal spans, loaded 
throughout with a uniform load of w lb per ft, and let the outer ends be 
restrained. Indefinitely short additional spans of L 0 will be assumed beyond 
each outer end and the end moments of these spans noted as M o — 0. 

Then from Equation (19) for spans (0) and (1): 

wLn* wL 3 

MqLo + 2 Mi (L + L 0 ) + M 2 L -- — 


2 MiL + M 2 L 


wL 3 
~4~ 


For spans (1) and (2): 


wU wL* 

AhL + 2 Ah (L + L) + MiL ---- 

4 4 


(<0 


MiL + 4 MiL + MiL - - 


For spans (3) and (0) 


M 2 L 4- 2 M t (L 4- /-o) 4 M^L - - 


wL* 

~4~ 

wL * 


wL& 


M 2 L 4 2 M Z L - 

** 

Multiply ( b ) by 2 and subtract (<j), then 

7 M 2 L 4 2 MzL 

Multiply (c) by 7 and substract (d), then 

12 M Z L - - wL* 
or 

wL? 

Mi 

and from (c) by substituting the value of M z 

wL 2 

12 

Then, taking moments about the center support: 

w L* wTJ 

1 \2 

or 

Ri ■ wL 

and - V% 4- V\ - 2 X ■■ % wL 


(*> 


(<0 


(<*> 


M 2 «* — 


RiL 
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In reinforced-concrete construction the outer ends of end spans generally 
frame into and are poured integrally with a column or a girder. The outer 
end is, therefore, restrained to some extent depending upon the stiffness of 
the supporting member. The end moment may be as great as for a fully 
fixed span, as in the preceding example, or it may be some intermediate 
value between this and zero. 

When the stiffness of the supporting member is great as compared to the 
stiffness of the beam the end moment will have a value varying from x /\ 2 wL * 
to about J^o wL 2 , depending upon the stiffness ratio. When the conditions 
are reversed the value of the end moment will vary from about wL* 
to zero. 


7. Moment and Shear Coefficients for Continuous Beams 
of Equal Spans and Symmetrical Loading 


Case I 

Uniform Loads. The coefficient of wL % for positive and negative moments 
and the coefficients of wL for shears given in Fig. 8 were derived from Equa¬ 
tion (1*>). 

__ Case I 

Podtive and .070 .070 _ 

—.125 k Coefficient* of U> l? 



1 \ 
0.375 Q.685 

0.625 

0.375 


Positive and 
Negative Momenta . 


-.100 .oea —.too 


Coefficient* of to L 
*0 Coefficient* of to I? 


Shear* I 
Positive and .078 


|_|MM 


10.400 0.600 

0.500 0.50019.600 0.4001 


Coefficient* of toL 


Negative Moment! 


.0 < 8 Coefficient* 

-.107 .036 -.071 .036 -.107 /-\ of 

- : 11 


0.617 0.636 0.461 0.461 0.536 0.617 0.393 4 


Shear* |q.S 93 0.61710.536 0.46l| 

Positive and 
Negative *078 

Momen ta -.105 .038 -.079 -.079 .033 -.105 


Shears 





10.395 0.60610.526 0.474 j 


10.500 0.500j 



OoelLoi WL 

.078 Coeff. 

of to L 1 




0.474 0.586 [0.605 0.395* 


E 

Jc 


Fig. 8. Continuous Beams. Moment and Shear Coefficients, Uniform Loads, 
Equal Spans. Case I 


Case II 

Concentrated Center Loads of Equal Magnitude. In Fig. 9 the coeffi¬ 
cients of PL for positive and negative moments and the coefficients of P for 
shears were derived from Equation (20). 


Fig. 10. Continuous Beams. Moment and Shear Coefficients, Equal Loads 
at Third Points, Equal Spans. Case III 















Fig. 11. Continuous Beams. Moment and Shear Coefficients, Equal Loads 
at Quarter Points, Equal Spans. Case IV 


8. Continuous Beams with Variable Moment of Inertia 


When, as sometimes happens in the case of continuous beams in reinforced- 
concrete construction, the moments of inertia of the beam sections in the 
various spans are not equal, Equations (19) and (20) may be adjusted to take 
account of this variation as follows: 


^iii/i+2M,(Ii/j+£,/ 1 ) + 


wiLSIt wtLtfli 
4 " 4 


(190 


MJ. l I t +2M t (,Lih+L,r l ) + MxLJx - -2/>,£,*/,[»(l - »)(1+«)] - 

2 /> t I,»/,l»(l-»)(2-«)] 


(200 
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9. Graphical Methods of Shears and Moments for Con¬ 
tinuous Beams 

The graphical method for the solution of moments in continuous beams, 
illustrated in Figs. 12 and 13, was originated by Professor T. Claxton Fidler, 
University College, Dundee, Scotland.* 

The addition of the Homology Diagram, SS\ which eliminates Professor 
Fidler’s cut-and-try procedure, was developed by Professor A. Ostenfeld, 
University of Copenhagen, f 



Fig. 12. Graphical Method of Determining Shears and Moments. 
Uniformly Distributed Loads 


The discussion of the theory involved cannot, because of its length, be dis¬ 
cussed here. For a detailed presentation of the subject, the reader is 
referred to A Practical Treatise on Bridge Construction by T. Claxton Fidler 
(Griffin’s, London, 1909) and to the references given below. 

The construction illustrated in Figs. 12 and 13 is a direct graphical solution 
of Capeyron’s theorem and the simple procedure required for the complete 
solution of both moments and shears for any continuous beam, loaded in any 
manner whatever, is as follows: 

(1) Referring to Figs. 12 and 13: On any horizontal reference axis, AD, 
construct, at a convenient scale, the bending moment diagrams for each 
span, taken separately as an independent simple span. These bending 
moment diagrams can be conveniently constructed from a load line and ray 
diagram as illustrated at ( d ). When the load over any span if uniformly 

• See Proceedings of Institution of Civil Engineers, Vol. 74 (1883), p. 196. 
t See Teknisk Statik, Vol. 2, Second Edition, 1913. 
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distributed, the parabolic bending moment diagram can be constructed by the 
simple method illustrated in the third span of Fig. 12, where the tangents at 
C and D are the first and last rays, respectively, in the corresponding ray 
diagram. 

(2) Consider that each span is fully restrained at both ends and construct 
the negative moment diagram using Equations (17) and (18) to determine 
the end moments. 



Areas in Sq Ft. Simple M Diagram 



Fig. 13. Graphical Method of Determining Shears and Moments. 
Concentrated Loads 


When the loading is uniform, the moment curve is a parabola and the 
moment area — and from Equations (17) and (18): 

When the loading is unsymmetrical, as in Fig. 13, the centroid of the 
moment area must be located as explained for Case III, Article 3, and illus¬ 
trated in Fig. 5. 

(3) Divide each span into three equal lengths and locate points 1, 2; 
3, 4; 5, 6; etc., on the base line of reference for fully restrained ends These 
third-point positions are called, by Professor Fidler, the characteristic 
points. 
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(4) Connect the characteristic points adjacent to each support, such as 
2, 3; 4, 5: etc. 

(5) From each one-third point division of each span lay off along axis AD 
one-third the nearest adjacent span length, locating the points 0 \ t Oj, etc. 
That is, 

2 '0, - j; 3'0x - j, etc. 

(6) Select any axis of homology SS ' parallel to axis AD. Now the points 
Z along the axis of homology are the horizontal projections of points z on the 
true closing, or reference base line of the final moment diagram. 

In Figs. 12 and 13, the outer ends of the end spans are assumed as unre¬ 
strained, hence the true base line will contain points A and D. At 5, locate 
Z o and draw ZqU\ at any convenient angle, to intersect the line of action of 
reaction i? 2 - Project the second characteristic point, 2, vertically onto line 
ZqU\ locating point TV Project point 0\ (found as explained in 5) vertically 
to the axis of homology to locate point X\. Connect T\ and X\ and produce 
to intersect the vertical through the first characteristic point, 3, of the next 
adjacent span, locating point Y\. Connect Ki and U\ locating Z\ on the axis 
of homology. 

To find the projection of Zi on the true base line: Project X\ vertically onto 
line 2,3 locating X|. Connect *i and the projection on the true base line of 
Zot or z o, and prolong ZqXi to intersect the vertical through Z\ in zi locating the 
desired point on the true base line. 

From Zu which is homologous to Z 0 , draw Z\U 2 at any convenient angle 
to intersect the action line of R 2 , and as before project the second character¬ 
istic point, 4, to locate T 2 on ZiU 2 ; project Qz to locate A r 2 on the axis of 
homology. Prolong T 2 X 2 to intersect a vertical through the first charac¬ 
teristic point of the next span in Y 2 . Draw Y 2 U 2 and locate Z 2 . 

Project 0 2 vertically to intersect line 4, 5 in x 2 ; draw z\x 2 (homologous to 
ZqX\) and prolong to intersect the vertical through Z 2 in Z 2 . 

Since the end moment at D is zero, connect D and z*, two points on the 
true base line DC ' of the moment diagram for span CD. Draw C’z\ and 
prolong to B f to determine the true base line C'B' for span BC. Draw 
B'zq which is the true base line for span AB. 

These base lines, thus located, are the dosing strings for the moment dia¬ 
gram polygons and as such will divide the load lines into the true end shears 
for each span. In (d) draw AB' parallel to the true base line AB f \ B'C' 
parallel to the true base line of span BC , and CD parallel to the true base 
line of span CD , thus dividing the load line into V\ V 2 V' 2 , etc., giving both 
shear and reaction values, as shown in (</). 

Outer Bnds of End Spans Restrained. The method outlined in the pre¬ 
ceding artide can be readily applied to continuous beams in which the outer 
ends of the end spans arc fully restrained. Referring to Fig. 14, in which 
the outer ends A and E of end spans A B and DE> respectively, are assumed 
to be fully restrained: 

(1) Assume imaginary spans of indefinitely short lengths extending out¬ 
ward from A and' E. 

(2) Carry out the same procedure for these imaginary spans as outlined in 
the preceding article. 

(3) It is then evident that xo and zo are coincident with characteristic 
point No. 1, hence Z 0 is located on the axis of homology at the point where 
this axis is intersected by a vertical from characteristic point No. 1. 




Construction for Variable * 

Moment of Inertia Figure 15 

Fig. 14 
Fig. 15 

Figs. 14 and 15. Continuous Beams. Irregular Loading, Fully Fixed Ends 
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(4) Having located Z o, the construction is the same as previously described 
until *s is located. 

(5) The true base line for the last span is drawn through z% and the last 
characteristic point. No. 8, thus locating E'D \ 

(6) The true base line Z)'C' is the prolongation of Wzi, etc. 

Variable Moments of Inertia. When a difference in span lengths or load¬ 
ing result in the selection of different sections for the various spans of a 
continuous beam, as frequently occurs in the case of reinforced-concrete 
construction, the distribution of moments will depend upon the relative 
stiffness of the several spans, and a corresponding alteration is necessary. 
Referring to Figs. 14 and 15: 

In order to take into account unequal values of moment of inertia in the 
different spans of a continuous beam, the true span lengths must be altered in 
such a manner that a virtual condition equivalent to equal moments of inertia 
is obtained. Any one of the several spans may be selected as a reference span, 
and for comparative rigidity, spans having smaller values of / must be length¬ 
ened, and those having larger values of I must be shortened. 

Let Lm - true length of span X; 

I* — moment of inertia of span X; 

Z-o and /o — true length and moment of inertia of any other span; 

V» and X'o — comparative span lengths, then: 

L’ x - ^ and L\ - ^ 
lx lo 

If Jo is taken as the index value of moment of inertia and each comparative 
span length multiplied by the constant I o, the relative stiffness of the various 
spans remains unaltered, whence: 

L’ x - L x y- and L'„ - Lo 
lx 

The comparative span length Z/ 0 is equal to the true length of L 0 , and is 
called the index span. Other span lengths altered to conform in relative 
rigidity to the index span may be designated as equivalent transformed spans. 

Alter the equivalent transformed span lengths have been found, as illus¬ 
trated in Fig. 15, the graphical solution is the same as for equal moments of 
inertia. From the skeleton construction shown in Fig. 15, the negative 
moments .44', BB\ etc., are given in their true magnitudes and if positive 
moments, inflection points, and reactions are desired, the true negative 
moment values may be transferred to the diagram of moments for simple 
independent spans. 

10. Deflection of Continuous Beams 

Continuous Girder of Two Equal Spans. Uniformly Distributed Load over 
Each Span. The greatest deflection of a continuous girder of two equal spans 
loaded with a uniformly distributed load of w lb per unit of length is 

Maximum deflection - 0.005416 wl*/EI (21) 

in which F is the modulus or elasticity and I the moment of inertia of the 
cross-section of the beam. The greatest deflection of a similar beam sup¬ 
ported at both ends and uniformly loaded is 

Maximum deflection - 0.013020 wl*IEI 
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Hence the deflection of the continuous girder is only about % that of a non- 
continuous girder. The greatest deflection of a continuous girder of two spans 
is not at the middle of either span, but between the middle point of a span and 
one of the abutments. The greatest deflection of a continuous girder of two 
equal spans, loaded at the middle of one span with a load of P lb, and at the 
middle of the other with Pi lb, is, for the span with the load, P 


Maximum deflection 
for the span with load Pi 

Maximum deflection 


(23 P - 9 Pi) /» 
1 536 El 

(23 Pi - 9 P) ft 
1 536 El 


( 22 ) 

( 22 *) 


When both spans have the same load 

Maximum deflection — PI* I El (22 b) 

The greatest deflection of a simple beam supported at both endf and loaded 
at the middle with P lb is 


Maximum deflection - P/ 3 /48 El 

or the deflection of the continuous girder is only that of a non-continuous 
one. 

Continuous Girder of Three Equal Spans. Uniformly Distributed Load 
over Each Span. 

The load per unit of length is w lb. 

Greatest deflection at the middle of middle span - 0 00052 wl*[EI (23) 
The load per unit of length is w lb. 

Greatest deflection at the middle of middle span - 0.00052 wl K (EI (23) 
Greatest deflection in the end-spans » 0.006884 wl*(EI (24) 

Hence the maximum deflection of the continuous girder is only about that 
of a non-continuous girder. 


Continuous Girder of Three Equal Spans. Concentrated Load P at the 
Middle of Each Span. 

Greatest deflection at the middle span - Mso PP/EI (25) 

Greatest deflection at the middle of end-spans - 1 jgeo EPjEI (26) 

Hence the maximum deflection of the continuous girder is only * of that of 
the non-conti nuous girder. 


ll. Beams of One Span, Restrained at One End Only 

A beam of one span, with one end restrained may be considered as A 
special case of a two-span continuous beam in which the second span, 
adjacent to the restrained end is indefinitely shortened. 

The method of solution outlined in Article 9 may be readily applied to all 
such beams under any condition of loading. 

Case I 

Uniform Load (Pig. 16). The bending moment diagram for the span con¬ 
sidered as a simple span is constructed to any convenient scale and a load line 




Fig. 16. Beams Restrained at One End. Cases I, II and III 
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drawn; the pole position corresponding to the parabolic moment diagram is 
located by drawing, from the extremities of the load line, lines parallel to the 
base tangents of the parabola. The homology diagram is constructed on the 
horizontal axis through S as before. The characteristic points for the imag¬ 
inary span are lo and 2 0 , while 1 and 2 are the characteristic points for the 
given span and are located as shown on the base line for a fully restrained 
span which is at ? 3 M a above the axis of moments for unrestrained ends. 

Following the usual procedure: connect the characteristic points (2o 1) 
adjacent to the restrained support and lay off one-third the imaginary span 
from 1 ' to coincide with 1 ', then xi coincides with 1 . Draw zo*i and prolong 
to intersect the vertical through Z lf whence s\ also coincides with 1 . Since 
there is no span and no restraint at or beyond R 2 , x\ and 22 coincide with the 
zero moment point at this support. The true base line is, therefore, 8 j Zi 
prolonged to intersect the action line of Ri. 

For any beam of one span, loaded in any manner, having one end restrained, 
the following theorem is applicable: 

The true base line of the moment diagram, constructed upon the diagram 
of moments for the span as a simple beam, is a line drawn from the zero 
moment point at the free end and passing through the characteristic point 
adjacent to the restrained end. 

From the properties of the parabola the maximum negative and positive 
moments and the position of the inllection point can be readily determined, 
and in a manner similar to that employed in Article 3 the position and mag¬ 
nitude of the maximum deflection can be found. 

Case II 

Concentrated Center Load (Fig. 16). The negative moment diagram for the 
case of a single concentrated load at the center of the span is a rectangle with 
an altitude equal to one-half the altitude of the triangular bending moment 
diagram, and the true base line, from the general theorem stated in the dis¬ 
cussion of Case I, may be drawn directly from B through characteristic point 
No. 1 and prolonged to intersect the action line of the reaction at the restrained 
support. 

The values of the maximum negative and positive moments and *he reac¬ 
tions are readily determined, as shown in Fig. 16. The position of the 
inflection point is determined as follows: 

(Mr*) 

where x - distance from fixed support to the inflection point. 

Then, x from the preceding equation, based on the slopes of the two inter¬ 
secting lines, is: 



or 

*“i + ( 2 + i)z" 02727 1 

The position of the maximum deflection is calculated by locating the sec¬ 
tion of aero shear for the moment area loading; 




Case m 

Unsymmetrical Loading (Fig. 16 ). For any unsymmetrical loading the 
moment diagram may be constructed graphically or by calculating and 
plotting the moment values for various points throughout the span. 

The values of Ma and Mb are calculated from Equations (17) and (18) 
after the centroid of the moment area for the unrestrained span has been 
located. The location of the vertical line through this centroid is readily 
determined by the graphical method as illustrated. 

The negative moment diagram, or base line for the condition of fully re¬ 
strained ends, is drawn and the characteristic points 1 and 2 located. 

The true base line is then drawn from B through characteristic point No. 1 
and prolonged to intersect the action line of R\ t as in the preceding cases. 

The true moment area thus obtained is divided into elementary strips and 
the area of each strip measured to the scale of the space scale of span. 

The area-vector load-line 1—14 is drawn to a convenient scale, the pole 
distances chosen, and the deflection polygon constructed and the deflection 
found as illustrated in Fig. 16. 
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CHAPTER XIX 

RIVETED STEEL PLATE AND BOX GIRDERS 

By 

HARDY CROSS 

PROFESSOR OF STRUCTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 

1. General Considerations on Plate and Box Girders 

Girders Built of Angles and Plates are required for long spans and for 
unusual cases of very heavy loading. The rolled beam is adequate for most 
cases in the design of steel buildings and is usually cheaper than a built-up 
section. It was formerly common to reinforce rolled beams by the use of 
cover-plates riveted to the back as explained in Chapter XV. There is little 
occasion for this now because of the heavier beams which have become avail¬ 
able in the Bethlehem beam and girder sections and in the Carnegie sections. 
The addition of covers to rolled beams involves a good deal of expensive 
shop work due to drilling holes in the heavy flanges. 

Definitions. A plate girder is a beam composed of a wide plate, known 
as a web, at the top and bottom of which are riveted angles or angles and 
plates. The web may be and frequently is reinforced against buckling by 
angles riveted to its sides, known as stiffener angles. The stiffener angles 
which occur at points of concentrated loading, as at reactions or where the 
girder carries a column load, are known as bearing stiffeners. Other 
stiffeners are known as intermediate stiffeners. Stiffeners may be either 
crimped by bending them around the flange angles or the stiffeners may be 
straight between the outstanding legs of the flange angles with plates 
inserted between the stiffeners and the web, in which case they are said to be 
filled. The parts of the girder connected at top and bottom of the web 
are known as the flanges and are made up of flange angles, which are 
directly riveted to the web, and flange-plates or cover-plates which are 
connected to the outside of these angles. In the case of very heavy girders, 
side plates under the down-standing legs of the flange angles may be added 
to secure additional area in the flange. By the depth of a girder is usually 
meant the distance back to back of flange angles. The distance between 
the centers of gravity of the flanges is called the effective depth of the girder. 

Types. The simplest type of plate girder consists of a web and four 
flange angles as shown in Fig. 1. If this does not give adequate flange area, 
cover-plates are added as shown in Figs. 2 and 3. Fig. 4 shows a heavy 



Fig. 1 Fig. 2 Fig. 8 Fig. 4 Fig. 5 Fig. 6 
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plate girder in which side plates have been used in addition to covers. A box 
girder is a plate girder having more than one web. Fig 5 shows a typical 
box girder consisting of two webs, four angles and cover-plates. Fig. 6 shows 
a very heavy box girder consisting of three webs, eight flange angles and cover- 
plates. 

2 • The Web 


The function of the web is to resist the shear in the girder. The dis¬ 
tribution of this shear over the web is nearly uniform along the depth of the 
web.* The depth of web is taken as one of the stock widths of plate, usually 
in even inches, and because the edge of this plate is somewhat irregular the 
backs of the flange angles are set out from the edge of the plate so that the 
total distance back to back of flange angles is usually Yi in greater than the 
depth of the web plate. 

The depth of the girder is usually chosen as to Hs of the span 
length, if possible. Plate girders having a depth less than J*io of the span 
should in general have their flange stress reduced in order to provide against 
excessive deflection. 

The webs of plate girders may fail in one of three ways: 

(а) By shearing of the web longitudinally or vertically. 

(б) By buckling of the web due to inclined compression set up by the 
shearing-stresses. 

( c ) By buckling of the web vertically at points of concentrated loading. 

In rolled beams, failure in the web is not usually to be feared except in 
Special cases, whereas in the plate girder the types of failure indicated are 
real sources of danger in design. It is usually specified that the thickness of 
the web shall not be less than % o of the clear depth between the flanges in 
any case. 

Web Stiffeners. If the thickness of web is less than Yo times the clear 
distance between flanges intermediate stiffeners are required to prevent 
diagonal buckling of the web. In ordinary cases it is well to add inter¬ 
mediate stiffeners not more than 5 ft on centers in any case. Intermediate 
stiffeners should not be less than lYl X 3}^ X 5i6"* n angles. It is 
customary to make the outstanding leg about 1 in less in width than the 
width of the outstanding leg of the flange angles. Thus, where the out¬ 
standing leg of the flange angle is 6 in, it is customary to use a 5-in outstand¬ 
ing leg for intermediate stiffeners. Intermediate stiffeners may be either 
crimped or filled. There is no general practice favoring either method. 
It is usually specified that the outstanding legs of intermediate stiffeners 
shall bear against their flange angles. This is perhaps not absolutely neces¬ 
sary but it has the advantage that it prevents folding down of the flange on 
to the web, a type of buckling failure which is obviously possible in the 
compression flange. 

The type of formula used to compute stiffener spacing depends upon the 
type of column formula in use. The formula recommended by the American 
Institute of Steel Construction is 


v 


18000 


1 + 


hi 

7 200 12 


( 1 ) 


* This may be seen to be a result of the fact that most of the bending stress is carried 
by the flanges. Consideration of the theory of longitudinal stress given in Chapter XV 
shows that if all the stress were carried by the flanges, the change, in any length of girder, 
of the total stress above any horizontal section would be the same irrespective of the 
location of the longitudinal section with reference to the neutral axis. 
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where v is the intensity of shear to be permitted in the web in pounds per 
square inch; 

h is the clear distance between flange angles or between stiffeners, 
whichever is the smaller; 
t is the thickness of the web. 

Values of v as given by this formula are given in Table I at the end of this 
chapter. This is a more complicated type of formula than would be derived 
by the use of a straight-line column formula and the added complication 
does not seem to be justified by any accurate data. The type of formula 
used, however, is not very important to the designer because all formulas for 
spacing intermediate stiffeners are adjusted to give practically the same 
results. The basic fact from experience is that where the thickness of web 
is greater than of the clear distance between flange angles or between 
stiffeners, whichever is the smaller, full shearing value may be used in the 
web. The practice of not exceeding this spacing of 60 X t is convenient, 
conservative and of long standing, and is sufficient for the ordinary problems 
of building-construction. The specifications of the American Institute of 
Steel Construction permit a shearing stress of 12 000 lb per sq in on the 
gross section of the web. 

Bearing Stiffeners. It is usually required that bearing stipfeners be 
ground to fit the flange angles both in bearing of the outstanding legs against 
the flanges and in bearing of the legs which rest against the fillets. It is 
then customary to assume the whole angle in bearing and to compute the 
strength of the angles as that of a column having a length equal to half the 
girder depth. A practice which is more conservative and much simpler 
is to compute the area required in the outstanding legs at the allowable stress 
used in a short column. This practice is recommended here. The additional 
weight due to the slightly heavier stiffener angles is trivial. 

Bearing stiffeners should be connected by enough rivets to transmit the 
load or reaction to the web and should either have tight fillers or should have 
the number of rivets increased by 50%. Tight fillers should be connected to 
the web by half as many additional rivets as are used in the stiffener angles 
themselves. 

Holes in Girder Webs. Holes sometimes occur in the web of girders for 
pipe runs and for other reasons. They are obviously objectionable but they 
can be safely used if proper attention is given to the reinforcement of the 
web where the hole occurs. The net section of the web should be maintained 
through the hole. The sides of the hole in general should be reinforced by 
angles to prevent buckling along the unsupported edges. Holes axe par¬ 
ticularly liable to tearing of the metal at those corners of the holes which lie 
on a diagonal running from the load to the reaction* and special thought 
should be given to reinforcement at these comers. 

Diaphragms in Box Girders. Diaphragms are used in box girders to 
equalize the deflections of the two webs and prevent twisting of the girder. 
The webs of such diaphragms should be capable cxf transmitting in shear 
of the concentrated load occurring at the diaphragm. The rivets connecting 
the diaphragm to the web should also be adequate to transmit H of the 
load. Diaphragms are commonly used only at points of concentrated load¬ 
ing, which means usually under columns which rest upon the girder. 
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3* The Flanges 

The Function of the Flanges is to resist the couple of internal stress 
which is equal and opposite to the couple produced by the external loads, 
that is, the bending moment. Since the couple due to the internal stresses 
equals the bending moment, we may get the total stress in either flange 
by dividing the bending moment by the distances between centers of gravity 
of the flanges. The total stress in the flange and the allowable fiber-stress 
being known, the area of the flange may be computed. We may write 
then a general formula 

A / - —- or M ■■ Afs a d (2) 

Sad 

in which M is the moment at any section in inch-pounds; 

s a is the allowable fiber stress in pounds per square inch; 
d is the effective depth of the girder, or distance between centers of 
gravity of flanges, in inches; 

A/ is the area required in the flange, in square inches. 

This should be the net area required in the tension flange or the gross area 
required in the compression flange. This assumes that none of the bending 
is carried by the web and also that the stress is equally distributed over the 
flange. The former assumption is obviously incorrect since the stress in 
the web at its connection to the flange must be the same as the flange stress. 
The web will carry as a rectangular beam a moment of M - Syf w d. 
This is the same as if }/& of the area of the web were treated as flange-area 
in Formula (1). In order, however, to allow for the reduction of strength 
produced by the holes in the web, it is customary to use }/% of the web 
as flange-area in each flange. 

Plate-Girder Method of Design. The effect of bending of the web is then 
included if we write 

ysAv (3) 

in which A w is the gross area of a cross-section of the web and the other 
terms are as previously defined. 

The Net-Section Method of Design. There has been some difference in 
opinion among engineers as to the distribution of stress over the flanges. 
In the case of very shallow girders, it is certainly not correct to assume it 
as uniform. In the case of deep girders, it is probably as nearly correct as 
any assumption. The method of analysis just indicated is usually called the 
Plate-girder method, and is very simple to apply and forms a convenient 
and reasonably accurate basis for all computation in the design of plate 
girders. The net-section method of designing the flanges uses the beam 
formula as applied to a section of the girder in which rivet-holes are deducted 
from both flanges. This gives a design somewhat more conservative than 
does the use of the plate-girder method. It is, however, more difficult to 
design by this method, and it is recommended that the design be made by the 
plate-girder method and the stresses checked by the net method in cases 
where the latter is required. It should be noted that the American Institute 
of Steel Construction in their specifications require the use of the net section 
and that the stresses of 18 000 lb per sq in permitted in their specification 
should not be used for girders which are relatively shallow where the plate- 
girder method of design is used. 
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The Gross-Section Method of Design is used by many engineers and was 
the basis of the tables of plate girders of the Carnegie Steel Company. Sec¬ 
tion-moduli of the gross sections as given in these tables are given at the end 
of this chapter. 


Other Methods of Flange Design. A method of design has sometimes 
been used in which the moment of inertia of the section is computed on the 
assumption that the net section is effective in the tension flange and the 
gross section in the compression flange. A variation of this method is to 
assume that the neutral axis is determined in position by the gross section 


and then the design is carried through by the beam formula s 


M e . 
—i using 


for c the distance to the outer fiber from the gravity axis of the gross section 
and for / the moment of inertia determined about this axis. These variations 
in the method of design have not had very wide use but they are perhaps in 
some ways more logical. There do not seem to be adequate experimental 
data to justify either of them, however. Of the two variations of the method, 
that which assumes the neutral axis to be determined by the gross section is 
almost certainly more nearly correct, because the neutral axis will not shift 
in position abruptly on those sections where rivet-holes occur. 


Design of the Flanges. Usually the thickness of metal in the flange should 
not be over in. It is usually specified that not over one-half of the tot At 
flange-area should be in the cover-plates and also that the center of gravity 
of the flange should not lie outside of the back of the angles. 

In computing the net section, the diameter of the rivet-holes is invariably 
taken in greater than the diameter of the rivet. In general, either two 
or four holes must be deducted in each flange, depending upon the number 
of rivet-lines used in the outstanding legs. If, as is customary, four rows of 
rivets are used in the cover-plates, those in the outer row in general fall in 
line with rivets in the down-standing legs and two holes must be deducted in 
the down-standing legs and two holes in the outstanding legs and cover-plates. 

Where flange-plates are used, they are usually given a width of 2 in 
greater than the width of the two flange angles so that with 5-in legs outstand¬ 
ing, the width of cover used would be 12 in. The cover should not project 
beyond the outer row of rivets a distance greater than 6 in or 12 times the thick¬ 
ness of the thinnest plate. In general, covers should not be less than in 
thick in any case. The use of cover-plates entails some additional shop work 
in punching and riveting but they need not extend to the end of the girder 
and some metal is saved in consequence. It is quite customary to extend the 
cover-plate next to the angles for the full length of the girder, but this custom 
has been derived largely from bridge practice and has no point in interior gir¬ 
ders for building-construction. It is often specified that no cover shall be used 
of a thickness less than that of the flange angles, nor less than that of any plate 
which lies between it and the flange angles. There seems to be little basis 
for this recommendation, but there is no particular difficulty in complying 
with it. 

Lengths of Cover-PUtes. Where the covers are no longer needed to 
furnish the area in the flanges required by the bending moment they may be 
cut off. In general, the cover should extend beyond the point of theoretical 
cut-off by two or three lines of rivets plus an edge distance of 2% in necessary 
to grip the cover in the multiple punches used in most shops. The total 
overrun at each end, then, will be about 1 ft. 

For uniform loads applied directly to the girder the curve of maximum 
moments is a parabola. 
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Where the uniform load is applied to the girder through joists or floor 
beams the curve of maximum moments is a polygon inscribed at the points 
of loading within this parabola. The theoretical points of cut-off for cover- 
plates may be determined either analytically or graphically. Using the 
parabolic relation just indicated we may deduce the following formula which 
gives the length required for the cover-plates where the uniform load is 
directly applied to the girder 



in which V is the length of cover-plate theoretically required; 

L is the span length; 

A is the total flange area; 

A ' is the combined area of the plates under consideration and of any 
covers outside of it. 

Where the load is uniformly distributed, but is applied to the girder through 
joists or columns equally spaced, the same formula may be used if the areas 
in the formula are defined as explained below, but will give values for the 
theoretical length required slightly too great. The formula is, then, conser¬ 
vative in such cases. In such cases, in the formula, 

A is the area of flange, required for a moment equal to }/% WL\ 

A* is the difference between area just defined and the area of flange re¬ 
maining after the cover is cut off. 

Graphical Determination of Lengths of Cover-Plates. A graphical con¬ 
struction is convenient where columns or other heavy concentrated loads occur 





Fig. 7. Graphical Determination of Required Lengths of Cover Plates 

with unequal spacing or where, for other reasons, the curve of moments is 
irregular. The following graphical construction as shown in Fig. 7 is cua* 
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tomary and convenient. Draw the curve of moments. At the point of 
maximum moments lay off to a convenient scale on a diagonal line bb the 
areas of the different parts which make up the flange section. Lay off first 
the area of the flange angles and l /§ of the area of the web (&&*),* then success¬ 
ively the areas of each of the cover-plates (6362, btb {). Draw a line from the 
end of bbj to the point of maximum moment, and project parallel to this 
line the component parts of the total area giving successively points Ci, Cj, 
Cg, as indicated in the figure. Through these points draw horizontals to 
intersect the curve of maximum moments at points a 2 a 2 , ag ag, as indicated. 
The top cover-plate then must extend from 02 on the right to a 2 on the left, 
the next cover must extend from <23 to a*. Several rows of rivets should be 
added beyond the points of theoretical cut-off. Special consideration must 
be given to such development of the covers in designing girders subject to 
heavy concentrated loads near the supports, because in this case the end 
shear is high and the moment curve drops off rapidly 


Design of Flange Riveting. Special attention must be given to the pitch 
of the rivets connecting the flange to the web. The stress per running inch 
of girder which the rivets are called upon to resist may be computed from the 
formula, 


v 


VQ 

/ 


< 5 > 


given in Chapter XV. In this formula, 


v is the stress on the flange rivets per inch of length of girder in pounds; 
V is the total shear at the section under consideration; 

Q is the statical moment, about the neutral axis of the girder, of the area 
of the flange connected by these rivets; 

/ is the moment of inertia of the girder. 


This formula should be used in cases of shallow girders carrying heavy 
shears. 

In ordinary girders it is sufficiently accurate to use the formula 


P 


rdi 

V 


( 6 ) 


in which p is the required pitch of the rivets in inches; 

d is the effective depth of the girder in inches; 
r is the value of one row of rivets in pounds; 

V is the total shear at the section in pounds. 

The value of the rivets may be determined either in bearing on the web or 
in shear. In the case of plate girders the rivets connecting the angles to the 
web are in double shear, but in the outside webs of box girders they are in 
SINGLE SHEAR. 

The formula just given is somewhat conservative because the moment car* 
ried by the web was neglected in its derivation. If somewhat more exact 


• We may lay off either the gross area of the flange plu9 H of the web or the net area 
plus K of the web. The difference in result is insignificant. 

t This formula may be derived as follows: The stress in the flange is equal to the bend¬ 
ing moment divided by the effective depth. The change of stress per running inch is 
equal to the shear divided by the effective depth. The value of one rivet divided by the 
rivet pitch is the resisting shear in the rivets per running inch. Since the resistance of 

the rivets per inch must equal the shear on the rivets per inch, we write - • — or # «■ ^ 
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values are wanted, the pitch thus obtained may be multiplied by the ratio of 
the total flange-area including ]/% of the web-area to the total flange-area 
omitting of the web-area. 

The pitch of the rivets connecting cover-plates to flange angles is usually 
made the same as that connecting the flange angles to the web. Sometimes 
it is found convenient, however, to increase this pitch. The required pitch 
may be computed from the pitch required to connect the flanges to the web 
by multiplying by the ratio of the total area of flange to the total area of 
covers. 

In box girders having three webs, as much shear is transmitted to the center 
web by the rivets as to the side webs. If there is a center web it is therefore 
usually made twice as thick as the side webs and is assumed to carry the 
same shear as the two side webs together. Consequently, the required pitch 
of rivets required is the same in both webs if the strength of the rivet is lim¬ 
ited by bearing on the web. 

Splices, It is rarely necessary to splice flanges in girders used in ordinary 
building work. Flange splices may occur in the cantilever girders of theater 
balconies, but such girders constitute a rather special case. Splices in the web 
are determined by the length of web-plate rolled. They are rarely required in 
girders less than 60 ft in length, and greater spans than this are not common in 
building-construction. The maximum length of plates and angles rolled may 
be found in handbooks of the various steel companies. Ordinarily it is sufficient 
to splice the web for shear only, preferably at a point of low shear. This 
is done by adding on each side of the web one plate having a thickness equal 
to that of the web and connecting this plate on each side of the cut in the 
web by sufficient rivets to transmit the total shear which the web is capable 
of carrying. It should be said that differences in opinion exist among engi¬ 
neers as to the proper design of splices for the web. Some require that the 
web be developed in moment as well as in shear. This does not seem to 
be necessary unless the splice occurs at a point where all the flange section is 
needed to develop the bending moment. In any other case, the angles and 
flange cover may be depended on to splice the web for its moment resistance. 

4. Method of Design 

The Net-Section Method of Design with an allowable extreme fiber-stress 
will probably become a general standard in the future, together with the 
specifications of the American Institute of Steel Construction. In accord¬ 
ance with these specifications, the following method of design for plate and 
box girders to be used in building construction is recommended: 

( 1 ) Determine the curves of maximum shear, in pounds, and of maximum 
bending moment, in inch-pounds, on the girder. 

(2) Assume a depth of web-plate, preferably about H2 of the span length, 

unless otherwise limited by architectural construction. If the depth mtist 
be less than the span length, the allowable flange stress should be 

reduced in direct proportion as the depth used is to a depth equal to Ho 
of the span. 

( 3 ) Determine the web thickness needed to give a gross area of web equal 
to the quotient of the maximum shear divided by 12 000 lb per sq in. 

V 

w 12000 

Use a web thickness not less than in. 


0 ) 
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(4) (a) Assume an effective depth (d) about 1 in less than the depth of 
web-plate. 

( b ) Estimate the total depth of girder, out to out ( d '). 

(e) Assume an allowable stress of 15 000 lb per sq in on the gross section 
as equivalent to 18 000 lb per sq in on the net section. 

(d ) Compute the approximate gross area of flange required from 

M Id'\ i 

^ gross “l500^W (8) 

(5) Proportion the flanges counting of the gross area of the web effective 
in the gross flange-area. Use two angles of appropriate size and add cover- 
plates necessary to give the required total gross area 

(6) (a) Determine the net section-modulus of the section thus designed as 
explained in Chapter X. Determine the section-modulus of the gross area 
and deduct the section-modulus of the rivet-holes. 

(b) Compare with the required section-modulus as determined from 


5 


M 

18 000 


(9) 


If the section-modulus used differs appreciably from that required, modify 
slightly the thickness of cover-plates used or, if no covers are used, change 
slightly the size of the angles. 

(7) If cover-plates have been used, determine their required length. 

(8) Decide what spacing to use for intermediate stiffeners. 

(9) Determine the necessary rivet-pitch at the end and at several inter¬ 
mediate points, from the formula, 


P 


rd 

V 


( 6 ) 


(10) Design the end bearing or end connection as the case may be. 


5. Deflection of Plate Girders 


Deflection. Attention has been called to the importance of limiting the 
deflection of GIRDERS. The same considerations in regard to this apply to 
plate girders as are explained in connection with rollfd beams in Chapter 
XV. The formulas there given for deflections are applicable to plate girders, 
provided the flange-section of the girder is nearly constant. Where, how¬ 
ever, cover-plates are cut off at frequent intervals, the flange-stress in the 
girder for maximum moments would be nearly constant, and the deflectio'n 

will be *7 X In general, the deflection of a plate girder with cover-plates 
4 bd 

and resting on rigid supports at the ends can be computed closely enough by 
the formula 


Deflection in inches 


1 sU 
4.5 bd 


(10) 


in which s is the fiber-stress used in design in pounds per square inch; 
L is the span length in inches; 

E is the modulus of elasticity of steel, 29 000 000 lb per sq in; 
d is the overall depth of the girder in inches. 
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If the design stress* 5* is 18 000 lb per sq in this reduces to 

1 I* 

Deflection in inches — — 

50 d 


(ID 


Where L and d are as defined above. 

For girders without cover-plates the deflection will be about 10% less than 
this. 

Girders in building construction should not have a depth less than of 
the span. If shallower girders must be used, the section-modulus should be 
increased in inverse proportion to the depth. 


6« Examples 


To design a reasonably economical and perfectly safe girder is not difficult. 
True economy in special cases or where large tonnages are involved may 
require a good deal of judgment. The following examples illustrate typical 
problems: 


Example 1. Select from the tables at the end of the chapter a girder section 
to resist a bending moment of 1 200 000 ft-lb, allowing a fiber-stress of 
18 000 lb per sq in on the net section. 

Either a 36-in Carnegie Beam 230 lb per ft, or a 36-in Bethlehem Beam 
230 lb per ft, will give the required resisting moment. See Tables VI and 
VII, Chapter X. It is, nevertheless, desired to use a plate girder. 

Assume a fiber-stress of 15 000 lb per sq in on the gross section as equiva¬ 
lent to 18 000 lb per sq in on the net section. (See notes preceding tables 
at end of Chapter.) 


Gross section-modulus, approximately, 
Net section-modulus required 


1 200 000 X 12 
15 000 
1 200 000 x 12 


18 000 


- 960 

- 800 


Try Web 36 X 5^ in 
4 i 6 X 4 X in 
2 plates 14 X 5^ in 


Gross section-modulus (See Table II) 943.9 

Deduct holes ll A X * 150 

2 X % *( S )’” 2 - 78 


4.28 X V% X 38.0 - 142 


Net section-modulus 802 ’ 

This is satisfactory. 

Example 2. Design this girder assuming that the total depth is limited 
to 31 in. 

This limited depth for the section-modulus required is out of the range 
given in the tables. 

Assume a web-plate 28 X in -• 14.0 sq in. 

Effective depth about 27 in. 

Total depth about 31 in. 
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Gross area of flange required: 
1 200 000 X 


_12 (Si\ t 
J1 \2 7/ 


(Equation 8) 


15 000 X 31 

Web (See (5) undcf The Net-Section Method of Design) 


2J6x6X^in*2X 9.73 (Table II, Chapter X) 

Area required in covers 

Use covers 14 in X l%in, total 


* 40.90 

- 2.50 

38.40 

- 19.46 

18.94 

- 19 JO 


This section will now be checked by the use of the section-modulus of the 
net section. Compute first the section-modulus of the gross section. Tab¬ 
ulate successively the areas of each part of the section, the distances from 
the center of the section to the centroids of those parts, and the centroidal 
moments of inertia* From these compute the areas times the squares of 
the distances. 


Member 

Area A 

Distance 
to center 
of section 

AreaX(dist.)*-f 
moment ol inertia 
about centroid 

Web 28 XH m . 

14 0 


M:>X14 0X28*= 915 

4 A 6X6X^gin 

(Table II, Chapter X) 

38 92 

14 25 

1 82 

12 43 

38 92X12 43*= 6 010 

4X31.92= 130 

2 cover-plates 14X15^ in 

38 50 

14 25 

69 

14 94 

38.50X14 94*= 8 610 

Centroidal I negligible 

15 665 


Total depth « 28 ■+• + 2= 31.25 in 


0 • , , . 15 665 

Section-modulus of gross section 

* 1000 

2 


Deduct for rivet-holes 

9 /24 00\ * € 

r x (iui) * 132 


/29.00\ * 

2 X 2.2S X (jjjs) -3-86 


5.18 X H X 31.25 

- 142 

Section-modulus of net section 

858 

„ . J f . _ 1 200 000 X 12 

Section-modulus required ^ 

- 800 
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Reducing the thickness of cover-plates to 1 ^ in and recomputing gives 
5 net - 800. 

Use 2 cover-plates 14 X % in. 


Example 3. Assuming the span to be 46 ft, and the load approximately 
uniformly distributed, what is the deflection of this girder? 

From Equation ( 10 ), 


Deflection 


t_ s_L* 
4.5 Ed 


_L 18 000 x < 46 x 12 > 2 

4.5 X 29 000 000 X 31 


1.36 in 


Example 4. Are intermediate stiffeners required for a total web-shear of 
140 000 lb? 

28 5 — (2 X 6) 

Since the clear distance between flange angles is — : - ry - — 33 times 

72 

the web thickness, which is less than 60, intermediate stiffeners are not 
required for web-shear. Use 5 X 3j^ X 6 'in angles in pairs at 5-ft 
centers. 


Example 5. What stiffener spacing would be required by the formula of 
the American Institute of Steel Construction (Equation (1)) in a girder 
whose section is as follows: 

Web, 38 X He in 
2^6x4x%in 
1 Cov. 14 X % in 

to carry a total shear of 120 000 lb? 

The intensity of web-shear is 

120 000 

—--rr - 10 100 lb per sq in 

38 X Hg 

Referring to Table I, this requires y - 75. Web must be stiffened at inter¬ 
vals of 75 X %e - 23.4 in, which is less than the clear height 38.5 - 12 - 
26.5 in. Hence stiffeners are needed about 22 in clear or 24 in on centers. 

Fig. 8 shows a nomographic chart for determining the spacing of web 
stiffeners for plate girders and rolled beams if the average shearing stress in 
the web, V/A, and the web thickness, /, are known. Draw a straight line 
connecting the thickness of web, t, and the average shearing stress, V/A , and 
note where this straight line intersects the scale of stiffener spacing, h. 

To solve Example 5 by the diagram, draw a straight line through the web 
thickness, t - in and the average shearing stress, V/A - 10 100 lb per 
sq in. Project this straight line until it intersects the scale of stiffener spac¬ 
ing at h - 23.5 in which is less than the clear depth of web, d ' - 26.5 in. 
In case h were greater than d f and the average shearing stress were greater 
than 3 951 lb per sq in, the maximum allowable spacing of intermediate 
stiffeners according to A.I.S.C. Specifications would be 72 in. 

Example 6. What end stiffeners are required in bearing for an end reaction 
of 180 000 lb for a girder 48 in deep? Web, % in. 

„ , . ’ , 180000 

Required area of outstanding leg YgQQQ “ 10 m - 
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Use 5-in outstanding leg 

4 stiffeners 5 X X K in gives 10 sq in in outstanding legs. 
Rivets % in are in double shear and bearing on web and tight fillers. 


A. I. S. C. Specifications 

7=18,000/(1 + but not Sweater 

than 12,0001b. per sq.in. 



Fig. 8. Chart for Determining Spacing of Web Stiffeners 
Value of one rivet 11 930 lb in double shear using the specifications of the 
American Institute of Steel Construction. 

. , 180 000 . , 

Required, - 15 nvets 
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If we compute the area of these stiffeners as required by the column formula 
f ■■ 2.4 in approximately; / — 24 in; ^ - 10 
/ -» IS 000 lb per sq in 
Area required, Q - 12 sq in 
4 A 5 X 3% X % in - 12.2 sq in 

Example 7. Given the girder designed in Example 2, what is the required 
pitch of % in rivets to connect the flange angles to the web for a shear of 
100 000 lb? 

The value of these rivets is determined by bearing on the J^-in web and is 
11 250 lb. 

rr rd 11 250 x 27 „ . m 

Hence p - — - - — - 3 in (Equation 6) 

Example 8. What is the required length of the cover-plates in Example 2 
if the load is uniformly distributed on a 50-ft span? 

Area of outer cover 14 X % in - 8.75 sq in 
Area of both covers 14 X lj^ in «= 17.50 sq in 
Total area of flange - 39.46 sq in 
From Equation 4, 

Theoretical length required for outer cover 

50 x V39IS “ 23-5 ft 

Theoretical length required for second cover 

50 X V3O6 " 33-5 ft 

7. Tables 

h 

Table I gives the allowable intensity of shear on the web for values of 


Table I.* Allowable Intensity of Shear for Unstiffened Webs 


fl 

H 

B 

n 

h 

t 

V 

A 

h 

t 

B 

60 

12000 

74 

10 224 

87 

8 775 

100 

7535 

61 

11 868 

75 

10 105 

88 

8 672 

105 

7111 

62 

11 734 

76 

9 988 

89 

8 571 

no 

6 722 

63 

11 604 

77 

9 871 

90 

8 471 

115 

6 345 

64 

11 473 

78 

9 756 

91 

8 372 

120 

6 000 

65 

11 343 

79 

9 642 

92 

8 274 

125 

5 678 

66 

11 215 

80 

9 529 

93 

8 177 

130 

5 378 

67 

11 087 

81 

9 418 

94 

8 082 

135 

5 097 

68 

10 961 

82 

9 308 

95 

7 988 

140 

4 836 

69 

10 835 

83 

9 199 

96 

7 895 

145 

4 592 

70 

10 711 

84 

9 091 

97 

7 803 

150 

4 364 

71 

10 587 

85 

8 984 

98 

7 712 

155 

4 151 

72 

73 

10 465 

10 344 

86 

8 880 

99 

7 623 

160 

3 951 


* From Steel Construction, published by the American Institute of Steel Construction. 
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where k is the smaller unsupported length of web horizontally or vertically 
and / is the web thickness. 

Table II gives the gross section-modulus of girders of various make-up. 
These may be used directly to select a girder having a stress intensity of 
15 000 lb per sq in on the gross section. By subtracting the section-modulus 
of the rivet-holes, they may also be used in designing by the section-modulus 
of the net section. 

Table II.* Gross Section-Modulus of Riveted Girders 



Flange 

angles 

Flange 

plates 

4X3 XH 


4X3 XH 


5X3HXH 


SX3HXH 


5 X3HXH 

12XH 

5X3HXH 

12 XH 

SX3HXH 

12 XH 

4X3 X‘A 


5X3HXH 


4X3 XH 
4X3 XH 


5 X3HXH 


5 X3HXH 


3X3HXH 

12XH 

SX3HXH 

12XH 

SX3HXH 

12XH 

SX3HXH 

• 2 XH 

SX3HXH 

12XH 

4X3 XH 
SX3HXH 
4X3 XH 


6X4 XH 


SX3HXH 


6X4 XH 


3X3HXH 


3X3HXH 

12 XH 

6X4 XH 


3X3HXH 

12XH 

6X4 XH 

14XH 

3X3HXH 

12XH 

6X4 XH 

14XH 

3X3 HXH 

12XH 


Size in inches 



6X4 XH 
5 X 3H X H 
26XMet 6X4 XH 

519.51 6X4 XH 

563.4 6X4 XH 


158.5 

183.8 
193 5 
208.1 

226.5 

226.6 

258.9 
267.6 
298.0 

307.9 
336.2 

341.5 26X*«t 

354.4 

377.4 

386.1 

415.2 

435.1 

454.5 

479.3 

526.1 

569.9 

613.9 



4X3 XH . ... 

SX3AXH . 

4X3 XH . 

6X4 XH . 

4X3 XH . 

SXViXH . 

6X4 XH . 

SX3HXH . 

5 X3HXH 12 XH 

6X4 XH . 

SX3HXH 12 XH 
6X4 XH U XH 

6X4 XH . 

5 X3HXH 


O A* ATS 

5X3HXH 
6X4 XH 
5X3HXH 
6X4 XH 
6X4 XH 
6X4 XH 
6X4 XH 


200.4 4X3 XH 

233.4 4X3 XH 

233.5 26XM«f 3X3HXH 

265.8 6X4 XH 

274 5 5 X3HXH 


* From Pocket Companion, Carnegie Steel Company. 

t For additional sections with these web-plates, but with 6 X 6-in A and no covers, 
see tabulation at end of this table. 
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Table II * (Continued). Gross Section-Modulus of Riveted Girders 


Size in inches 


Web Flange Flange 

plates angles plates 



314 8 


6X4 XH 


500.5 


6X4 XH 

361 3 


6X4 X‘« 


549.5 

27XHt 

6X4 XH 

384 0 


5X3HXH 

U XH 

595.1 

6X4 XH 

421.8 


5 X3HXH 

12 XH 

641.2 


6X4 XH 

441 7 

26 X Met 

6X4 XH 

14XH 




461.1 

SX3HXA 

12XH 

245.2 


5X3HXH 

485.9 


6X4 XH 

14XH 

279.0 

27 X Mel 

6X4 XH 

532 7 


6X4 xy» 

14XH 

288.1 

5 X3HXH 

576.5 


6X4 XH 

14 XH 

330 2 


6X4 XH 

620.5 


6X4 XH 

14 XH 

474.3 


6X4 XH 

185.6 


5 X3HXH 


495 3 


5 X3HXH 

211.0 


6X4 XH 


521.9 

28 XH 

6X4 XH 

230.3 


5X3HXH 


573 1 

6X4 XH 

264.1 


6X4 XH 


620 4 


6X4 XH 

273.2 


5 X3HXH 


668.6 


6X4 XH 

304.5 


SXMXVs 

12 XH 




315.3 


6X4 XH 


257.1 


5 X3HXH 

344.2 


5 X3HXH 

12 XH 

292 4 


6X4 XH 

349.8 

27XM«t 

6X4 XH 

14XH 

301 r 


SX3HXH 

387 3 


5 X3HXH 

12 XH 

345 8 


6X4 XH 

396.2 


6X4 XH 

14 XH 

396.5 


6X4 XH 

426.7 


SX3HXH 

12 XH 

419.5 


5X3HXH 

447.4 


6X4 XH 

14 XH 

445.1 

28 XMe 

6X4 XH 

467.7 


SX3HXH 

12 XH 

460 2 

5X3HXH 

493.4 


6X4 XH 

14 XH 

482.0 


6X4 XH 

542.4 


6X4 XH 

14 XH 

503 0 


5X3HXH 

588.0 


6X4 XH 

14 XH 

529 6 


6X4 XH 





580.8 


6X4 XH 

193.1 


5 X3HXH 


628 0 


6X4 XH 

218.5 


6X4 XH 


676.2 


6X4 XH 

237.8 


5X3HXH 





271.5 


6X4 XH 


221 8 


5X3HXH 

280.6 


5X3HXH 


250.5 


6X4 XH 

311.7 


5X3 HXH 

12 XH 

272 1 


5X3HXH 

322.7 


6X4 XH 


310 3 


6X4 XH 

351.4 

27XHt 

5 X3HXH 

12XH 

320.5 


5X3HXH 

357.1 

6X4 XH 

14 XH 

353.8 


5X3HXH 

371.4 


6X4 XH 


366.2 

30XHt 

5X3HXH 

394.5 


5 X3HXH 

12XH 

368.1 


6X4 XH 

403.4 


6X4 XH 

14XH 

397.8 


SX3HXH 

417.9 


6X4 XH 


404.7 


6X4 XH 

433.8 


SX3HXH 

12XH 

423.1 


6X4 XH 

454.6 


Oi 

X 

* 

X 

X 

14XH 

446.6 


5 X 3H X H 

474.8 


5 X3HXH 

12XH 

456.1 


6X4 XH 


• From Pocket Companion, Carnegie Steel Company. 

f For additional sections with these web-plates, but with 6 X 6-in A and no covers, 
tee tabulation at end of this table. 
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Table n * (Continued) Gross Section-Modulus of Riveted Girders 


S ze in inches 



30XHt 


6X4 XH 
5X3HXM 
6X4 XH 
SXSHXM 
6X4 XH 
6X4 XH 
6X4 XH 
6X4 XH 


5X3HXH 
6X4 XH 
5X3HXH 
SX3AXH 
6X4 X ? 8 
6X4 XH 

5X3HXH 
30XMst 6X4 XH 
5X3HXH 
6X4 XH 
5X3HXH 
6X4 XH 
6X4 XH 
6X4 XH 
6X4 XH 


5X3HXH 
6X4 XH 
5X3HXH 
5 X 3H X H 
6X4 XH 
6X4 XH 
5X3HXH 
6X4 XH 
SX3HXH 
6X4 XH 
5X3HXH 
6X4 XH 
6X4 XH 


30XHt 



Size in inches 


Web Flange Flange 

plates angles plates 


6X4 XH 

5X3HXH 
6X4 XH 
5X3HXH 
6 X6 XH 


* From Pocket Companion, Carnegie Steel Company. 

t For additional sections with these web-plates, but with 6 X 6-in A and no covers, 
see tabulation at end of this table. 


6X4 XH 


5X3HXH 


6 X6 XH 


5X3HXH 

12 XH 

5X3HXH 


6X4 XH 


5X3HXH 

12 XH 

6X4 XH 

14XH 

6 X6 XH 


6X4 XH 


6 X6 XH 

14XH 

5X3HXH 

12XM 

6X4 XH 

14XM 

6 X6 XH 


6 X6 XH 

14XH 

5X3HXH 

12XM 

6X4 XH 

14XM 

6 X6 XH 

14XH 

6 X6 XH 


5X3HXH 

12X« 

6 X6 XH 

14XM 

6X4 XH 

14XH 

6 X6 XH 

14XH 

6X4 XH 

14XH 

6 X6 XH 

14XH 

6 X6 XH 

14XH 

6X4 XH 

14XH 

6 X6 XH 

14XH 

6X4 XH 

14XH 

6 X6 XH 

14 XH 

SX3HXH 


6X4 XH 


5X3HXH 


6 X6 XH 


5X3HXH 1 


6X4 XH 1 


6 X6 XH 


6X4 XH 


5X3HXH 

12 XH 

6 X6 XH 


5X3HXH 

12 XH 

6X4 XH 

14XH 

6 X6 XH 


5X3HXH ! 

J2XH 






















[Chap. Id 


712 Riveted Steel Plate and Box Girders 

Table II * (Continued). Gross Section-Modulus of Riveted Girders 


Size in inches 




Flange Flange 
angles plates 


6X6 XH 14X3* 
6X4 XH 14X5* 
6X6 XH 14X5* 
6X4 XH 14 XH 
33XIU 6X6 XM 14 XX 

X/1 * 6X6 XH 14 XH 

6X4 XH 14X5* 
6X6 XH 14X5* 
6X4 X5* 14X5* 

6X6 X5* 14X5* 

5X3HXH 
6X4 XH 
5X3HXH ■ . 
6X6 XH 
5X3 HXH 
6X4 XH 
6X6 XH 
6X4 X5* 

5X3 HXH 12 XH 
6X6 X5* .. 

SX3HXH 12X5* 
6X4 X ' A 14 XH 

33XA 6X6 Xj* . 

5X3HXH 12X5* 
6X6 XH U XH 
6X4 XH 14 XH 
6X6 XH 14 XH 
6X4 X5* 14X5* 

6X6 XH 14X5* 
6X6 X5* 14X5* 

6X4 X5* 14X5* 

6X6 X5* 14X5* 
6X4 X5* 14X5* 

6X6 X5* 14X5* 

6X4 X5* 

5X3 HXH 
6X6 X5* 

6X4 XH 
SX3HXH 
*X6 XH 
36X56 SX35*X5* 

6X4 X5* 

6X4 X5* 14XN 
6X6 X5* 

6X4 X5* 


Size in inches 



357.7 
404 7 
417.0 
443 6 
473 3 

475.7 

523.8 
543.5 
567 2 
608 6 

619 7 36XMo 


6X6 X?s 
5X3HXH 
6X4 X5* 
6X6 XH 
6X4 XH 
5 X3HX)'i 
6X4 XH 
6X6 X5* 
5X35*X5* 
6X6 XH 
6X4 XH 
6X6 XH 
6X4 X5* 

6X6 XH 
6X6 X5* 
6X4 XH 
6X6 X5* 
6X4 X5* 

5X3HXH 
6X4 XH 
5 X3HXH 
6X6 XH 
5X3HXH 
6X4 X5* 
6X6 X5* 

6X4 X5* 
5 X3J*X H 
6X4 XK 
5 X 3H X H 
6X4 X?* 

5 X3J*X5* 
6X6 XH 
6X4 XH 
6X6 XH 
6X4 X5* 
6X6 XH 
6X6 X5* 
6X4 X5* 
6X6 X5* 
6X4 X5* 

6X4 X5* 
6X6 XH 
6X4 X5* 
6X6 X5* 

6X4 X5* 


From Pocket Companion, Carnegie Steel Company. 
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Table n * (Continued). Gross Section-Modulus of Riveted Girders 


Size in inches 



787.0 5/ 

818.1 36XA 



Size in inches 


Web Flange Flange 

plates angles plates 


390.2 

427.5 42 XH 

477.2 


6X6 XH 
6X4 XU 
6X4 XH 
6X6 XU 
6X6 XU 
6X4 XU 
6X6 XU 
6X4 XU 
6X6 XU 
6X6 XU 
6X4 XU 
6X6 XU 
6X4 XH 
6X6 XU 
6X4 XH 
6X6 XH 
6X4 XU 
6X6 XU 

6X4 XU 
6X6 XH 
6X4 XU 
6X6 XU 
6X4 XH 
6X6 XH 
6X4 XH 
6X4 XH 
6X6 XH 
6X6 XH 
6X4 XH 
6X6 XH 
6X4 XU 
6X6 XH 
6X6 XH 
6X4 XU 
6X6 XH 
6X4 XH 
6X6 XH 
6X6 XH 
6X4 XH 
6X6 XH 
6X4 XU 
6X6 XH 


6X4 XH. 

6X6 XH . 

6X4 XH . 


From Pocket Companion, Carnegie Steel Company. 
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714 Riveted Steel Plate and Box Girders 

Table U * (Continued). Gross Section-Modulus of Riveted Girders 



* From Pocket Companion, Carnegie Steel Company. 
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Table II * (Continued). Gross Section-Modulus of Riveted Girders 


Size in inches 

Web 

Flange 

Flange 

plates 

angles 

plates 

48XH 

6X6 

XX 

»6 XH 


6X6 

XX 

16 Xh 


6X4 

XX 



6X6 

X.H 



6X4 

XX 



6X6 

XH 



6X4 

XX 



6X4 

XX 



6X6 

XX 



6X4 

XX 

14XK 


6X4 

XX 

16XX 


6X6 

XX 



6X6 

XX 

14 XH 


6X4 

XH 

14XH 


6X6 

xx 

16 XH 


6X6 

XH 

14 XH 

48XH. 

6X4 

XX 

14 X H 


6X6 

XX 

16 XM 


6X6 

XX 

14X*4 


6X4 

XX 

16 XH 


6X6 

XX 

UXH 


6X4 

XX 

uxu 


6X6 

XX 

16X1-4 


6X6 

XX 

14 XH 


6X4 

XH 

14X14 


6X6 

XX 

16XH 


6X4 

XH 

16 XH 


6X6 

XH 

UXH 


6X6 

XX 

16X14 


6X6 

XH 

16X?4 


6X4 

XX 

16XH 


6X6 

XH 

16 xH 


6X6 

XX 

16 xH 


6X4 

XX 



6X6 

XX 



6X4 

XH 



6X6 

XX 



6X4 

XH 


48XH 

6X4 

XX 



6X6 

XH 



6X4 

XX 

14XH 


6X4 

XX 

16XH 


6X6 

XX 

UXH 


6X6 

XX 




Size in inches 

Web 

plates 

i 

Flange 

angles 

Flange 

plates 


6X6 XH 

6X6 XVi 

6X6 XH 
6X6 XX 



From Pocket Companion, Carnegie Steel Company. 
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TaU« II * (Continued). Gross Section-Modulus of Riveted Girders 


Sec¬ 

tion- 

Size in inches 

Sec¬ 

tion- 

Size in inches 

modu¬ 

lus, 

axis 

1-1. 

inches 1 


Flange 

angles 

Flange 

plates 

modu¬ 

lus, 

axis 

1-1. 

inches 3 

Web 

plates 

Flange 

angles 

Flange 

plates 

227.8 

286.8 
343.1 
397.3 

27XMe 

6 X6 XH 
6 X6 XH 
6 X6 XH 
6 X6 XH 


271.2 

338.3 
402.6 

464.4 

30XH 

6 X6 XH 
6 X6 XH 
6 X6 XH 
6 X6 XH 


235.2 

294.2 

350.6 

404.7 

27 XH 

6 X6 XH 
6 X6 XH 
6 X6 XH 
6 X6 XH 


280.4 

347.5 
411 8 
473 6 

30XIU 

6 X6 XH 
6 X6 XH 
6 X6 XH 
6 X6 XH 


242.7 

301.7 
358 1 
412.2 

27XHt 

6 X6 XH 
6 X6 XH 
6 X6 XH 
6 X6 XH 


289.6 
356 7 
421 0 
482 8 

30 XH 

6 X6 XH 
6 X6 XH 
6 X6 XH 
6 X6 XH 



From Pocket Companion, Carnegie Steel Company. 
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CHAPTER XX 

WOOD FRAMING 

By 

CHARLES M. GAY 

PROFESSOR OF ARCHITECTURAX CONSTRUCTION, UNIVERSITY OF PENNSYLVANIA 

1. General Considerations 

General Considerations. Among the considerations influencing the selec¬ 
tion of timber may be mentioned the following as having the most general 
importance: Density, Defects, Dryness and Economy. The first three 
have direct influence upon the strength of the material, and the last consid¬ 
eration controls the success of the entire project. 

Density is now considered as the important factor in determining the 
efficiency of lumber, since the strength of wood both in bending and in com¬ 
pression increases rapidly as the density increases. It is, therefore, used as 
a measure of quality in formulating the rules for the grading of lumber. The 
more dense grades are then selected for the heavy load bearing timbers such 
as girders or posts and the open grain lumber for light framing and studs. 
The summer growth, called summer wood, has thicker cell walls than the 
spring growth and is therefore denser and stronger. Likewise wood with 
narrow annual rings is denser and stronger than wood with wide rings. For 
these reasons timber selected for density must have at least six annual rings 
to a radial inch, each ring containing at least one-third summer wood. 

Defects. Large or loose knots, excess of sap wood, checks or decay natur¬ 
ally reduce the strength of timber both as beams and posts Defects in the 
under side or bottom quarter of a beam are particularly weakening since the 
fibers in maximum tension are at the lower edge. Defects near the neutral 
plane at the center of a beam reduce the area resisting horizontal shear. 
The grading rules, therefore, recognize such defects as being vital factors in 
determining the class to which a timber belongs. It should be remembered, 
however, that grades of wood which cannot be used for interior finish or heavy 
load bearing may be perfectly permissible for studding, boarding or light 
framing. 

Dxyness, Extensive tests have shown that the strength of timber is 
increased as its moisture content is decreased, that is to say, dry or seasoned 
wood is much stronger and stiffer than green wood. The amount of con¬ 
sideration which should be given to this increased strength depends upon the 
purpose for which the timber is used. If in positions exposed to the weather, 
as in bridges, trestles or open sheds, the wood will absorb moisture and con¬ 
sequently its strength is only that of green wood. On the other hand, if the 
timber be protected, as in building-construction, advantage may be taken of 
the increased strength gained by seasoning. This increase is more evident 
in clear moderately small pieces than in pieces of large dimensions, because 
the checking due to shrinkage in the drying process is more severe in the 
larger timbers and consequently reduces the strength of the piece. 
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Economy. The denser and more perfect grades, though stronger, are 
more expensive as well as heavier to handle and harder to cut. In light 
building-construction they should be used, therefore, only where especial 
strength is required, as in girders, posts or heavy joists, the less dense and less 
perfect grades or lighter species of woods being specified for studding, light 
joists and rafters. Wood and sizes of members easily obtainable in local 
markets should be selected as far as possible, and the lengths should be 
chosen for least waste in cutting. 

Seasoning. In wood frame construction it is very important that the 
minimum amount of shrinking, twisting, checking and warping should take 
place after the wood is in place in the building. This is true in the case of 
joists, studs, girders and framing timber as well as for wood trim, sash and 
doors, and quite irrespective of the relative strength of the wood before and 
after drying. All timber should, therefore, be shrunk by drying before being 
delivered at the building, the drying or seasoning being done by either the 
air-drying or the kiln-drying process. More moisture, however, is per¬ 
missible for structural than for decorative uses such as interior trim and 
paneling. 

Seasoning of structural timber is usually done by the air-drying process, 
which consists of piling the material in sheds and allowing currents of air 
to circulate freely between and around the pieces. Air-dried lumber aver¬ 
ages from 12 to 20% moisture content. The kiln-drying process consists of 
piling the material in heated kilns and is used most generally for wood 
intended for interior trim, flooring, etc. It reduces the moisture content to 
from 6 to 12%. 

Kinds of Wood. In general, heavy dense woods are stronger than the 
lighter woods of coarser fiber and are used in beams and girders where espe¬ 
cial strength is required. The lighter woods are easier and quicker to handle 
and are largely employed for joists, studding, etc., especially in the frame con¬ 
struction of residences and buildings of moderate size. In the West, Douglas 
fir is a most satisfactory wood, being very strong for its weight, and it is 
largely used for both heavy and light framing. In the East dense Southern 
yellow pine, formerly specified as long-leaf yellow pine, or L.L.Y.P., is used 
for girders and posts and wherever heavy loads are to be carried, while the 
joists and lighter pieces are cut from common Southern yellow pine, spruce 
and hemlock. 

Grading. Of late years much study has been given to the grading of 
lumber .according to its quality by the lumber associations, such as the 
National Lumber Manufacturers’ Association, the Southern Pine Association 
and the West Coast Lumberman’s Association together with the Depart¬ 
ments of Commerce and Agriculture at Washington, with the result that 
lumber grades are now well standardized and the product purchased as 
belonging to a certain grade is fairly reliable. Higher allowable working 
stresses for good structural material are consequently being permitted by the 
building codes of the various cities of the country. 

The General Central Committee on Lumber Standards constituted from 
the Department of Commerce and from the lumber associations arrived at a 
general agreement on national standards for softwood, which the lumber 
associations have used as a basis for preparing and coordinating their grading 
rules. 

Softwood as it comes from the sawmill is divided into three main classes 
(a) Yard lumber, (6) Structural material, and (c) Factory and Shop 
lumber. 
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Yard lumber constitutes 80% of the lumber produced. It is the type 
carried most generally in retail lumber-yards throughout the country and is 
of most interest to architects, engineers, contractors and builders for general 
utility purposes. It includes boards and siding less than 2 in thick and of 
any width; planks less than 4 in thick and over 8 in wide; scantlings less 
than 5 in thick and less than 8 in wide; and heavy joists 4 in thick and 8 in 
or more in width. The grading is largely on the basis of appearance and the 
presence of knots, sap and other blemishes. It will be seen that the ordinary 
2 X 4-in, 3 X 4-in, 4 X 4-in, 2 X 6-in, and 3 X 6-in studs are included in 
this class. Where joists, rafters and posts are required to meet definite 
working stresses they should be chosen, however, from structural material 
rather than from the yard lumber. 

Structural material is heavy material for load-bearing and is graded 
almost wholly on the basis of its density, strength and stiffness It com- 
prises such items as beams, girders, posts and sills which are 5 in and thicker 
in least dimensions, and also joists, rafters, plank and heavy flooring 2 to 4 in 
thick. Typical uses for structural materials are light frame and heavy tim¬ 
ber construction, definite stress values being assigned to the various grades. 

Factory and Shop lumber is graded wholly for further manufacture into 
doors, sash, millwork, patterns, toys and many other industrial commodities. 
It is, therefore, of most importance to manufacturers and has very little 
relation to the structure of light wood framing. Hence it will not be further 
considered in this chapter. 

Yard lumber is generally graded in six grades, Grades A, B, and C and 
Grades No. 1 common, No. 2 common and No. 3 common, Grades A and B 
often being combined into one grade called Grade B and Better. The first 
three grades are for trim and fittings either natural finish or painted. The 
last three are for use where appearance is not so important. Ordinary 
studding, joists and rafters, unless subjected to special loads, are usually 
taken from No. 2 common grade. 

Structural material is now generally graded by the lumber associations 
according to the basic classifications and standards agreed upon by the 
General Central Committee. These basic classifications are as follows: 

(a) Dense select—Douglas fir and Southern pine 

(b) Select—Douglas fir 

(r) Select—Other softwood species except Southern pine 

(d) Dense Common—Douglas fir and Southern pine 

( e ) Common—All softwood species 

Following as far as possible these classifications as a basis the most impor¬ 
tant lumber associations have determined their grades and prepared their 
grading rules for structural material. 


Manufacturers’ Association Standard Grades 


Species of Timber 


Douglas fir, Coast Region 


Douglas fir* Inland Empire 


Grade 

Dense Super Structural 
Super Structural 
Dense Structural 
Structural 

.Common Structural 
Dense Super Structural 
Dense Structural 

No. 1—Common Dimension and Timbers 
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Larch, Western 


Pine, Southern yellow 


Redwood 


Wood Framing [Chap. 2G 

No. 1 Common Dimension and Timbers 

'Extra Dense Select Structural 
Select Structural 
Extra Dense Heart 
Dense Heart 

Structural Square Edge and Sound 
No. 1—Common 

Super Structural 
Prime Structural 
Select Structural 
Heart Structural 


The following woods are classified according to the Basic Provisions for 
Structural Material into two grades, select and common. 


Cedar, Alaska 

Cedar, North and South White 
Cedar, Port Orford 
Cedar, Western red 
Cypress, Southern 
Tamarack, Eastern 
Douglas fir. Rocky Mt. Region 
Fir, balsam 

Fir, golden, noble, silver, white 


Hemlock, Eastern 
Hemlock, West Coast 
Oak, white and red 
Pine, Calif., Idaho, 

Northern white, lodgcpole 
pondosa, sugar, Norway 
Spruce, Englemann 
Spruce, red, white, Sitka 


The allowable unit stresses for each grade in the two lists above will be 
found in Table I. 

In general it is recommended that the minimum quality to be used for 
framing and structural purposes in the dry and protected locations usual in 
buildings shall be as follows: 


(a) For lumber less than 2 in thick and for all studding, No. 1 common, 
yard lumber. 

( b ) For joists and rafters, common structural. 

(c) For girders, posts and heavy beams, structural, prime structural or 
structural square edge and sound, depending upon the species. 

The more dense and select grades are generally used only for trestles, 
bridges and exposed positions under heavy loads, but should be chosen also 
building-construction wherever the stresses are sufficiently high to require 
absolutely dependable quality of material. 

Certain changes in the specifications for Southern pine should be noted. 
Southern pine is a general term for yellow pine as distinguished from white 
California pine. The yellow pine was formerly again divided upon a com¬ 
mercial basis into long-leaf yellow pine and short-leaf yellow pine, known as 
L.L.Y.P. and S.L.Y.P. While it is true the short-leaf and long-leaf pines are 
distinct species, the terms have largely come to be a description of their 
strength, weight and density. The denser wood is heavier and stronger, and 
a larger percentage of the true long-leaf pine than of the short-leaf pine is 
heavy, strong and dense. Commercially, then, it is allowable to furnish 
either long-leaf or short-leaf pine if the specifications for strength and density 
be fulfilled. The strongest quality is graded simply as Southern yellow pine, 
dense select structural, and this is the wood usually desired when specified 
as L.L.Y.P. If a lighter, softer, less strong hut more easily worked yellow 
pine were desired a SX.Y.P. might readily be specified but the grade would 
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be Southern pine No. 1 common. The pines formerly known commercially 
as North Carolina and Georgia pines are included in the general term 
Southern yellow pine and are now graded for density as are the long-leaf 
and short-leaf pines. 

Size Standards. It is commercially allowable to furnish lumber the 
actual dimensions of which are somewhat less than the nominal dimensions. 
Such allowances are due to the shrinkage of wood in the seasoning process 
after sawing and because lumber is often shipped surfaced or planed on one 
or two sides and on one or two edges, SIS1E, S2S2E, SlE, etc. Nominal thick¬ 
ness of 1 in and 2 in must be actually at least 2 J 32 and 1 5 6 i n . respectively. 
Corresponding allowances varying from to % in are made in the widths, a 
smaller allowance being made in the narrower pieces than in the wider. 
Rough lumber is wider and thicker than dressed lumber of the same nominal 
dimensions by the amount removed by the surfacing. Such deductions in 
width and thickness naturally affect the strength of the piece and the actual 
dimensions only must be used in all calculations. 

2. Light Wood Framing 

Light Wood Framing is the type of framing employed in wood construc¬ 
tion, such as residences or the smaller types of buildings, where the loads are 
fairly light. It also usually refers to the use of wood for the construction 
of the walls and partitions as well as of the floors, although wood floor joists 
and wood stud partitions are often used with enclosing walls of masonry. 
Heavy wood framing, or the beam and girder framing used in mill con¬ 
struction, garages, hangars and buildings involving heavy loads, necessitates 
different and special methods which are treated in Chapter XXI. 

There are two methods of framing the exterior walls in light wood con¬ 
struction which are in general use, the Balloon F rame and the Combination 
Frame. In various parts of the country modifications and variations in 
detail of these two general methods may be found, but the fundamental 
principles readily fall under these two heads 

A wood frame consists in general of a piece called a sill laid level on top 
of the masonry cellar wall and bedded in cement mortar. Vertical pieces, the 
Corner-Posts and the Studs, are fastened to the sill and support the Plate, 
a horizontal piece at the top of the exterior walls carrying the Rafters or 
Roof-beams. The floor beams or Joists for the ground floor are sup¬ 
ported on the sill, and for the second and third floors on girts and ribbons, 
which are horizontal pieces supported by the studs or fastened to them at 
the floor-levels. 

The Balloon Frame (see Fig. 1) is the cheaper and lighter method and the 
quicker to construct. It is, however, far less rigid and permanent and much 
more readily consumed by fire. In this method the sills are rarely more than 
4 x 4 in and are sometimes only 2 X 6-in plank. They are laid on the base¬ 
ment wall bedded in cement and halved at the corners. The first-story joists 
are spiked in place on the sill, and the corner-posts, 4 X 4 in, or two 2 X 4 in, 
are set in position and held by temporary braces The studs, which run from 
sill to plate, are spiked in position to the sill and held near their upper ends 
by temporary boards nailed across them. A 1 X 6-in, or 1 X 8-in board, 
called a Ribbon, is notched and nailed into the studs and corner-posts at the 
proper height to support the second-story joists, which are next nailed in 
place. A joist is brought against a stud wherever possible. The tops of the 
studs and corner-posts are then sawed off level and the plate, consisting of a 
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4 X 4-in piece, or two 2 X 4's, is nailed on top of the studs and halved together 
over the corner-posts. The outside boarding should be nailed on diagonally 
to brace the frame. It may be seen that the long slender studs, the light sill, 
plate and corner-posts, the thin ribbon and the omission of bracing, except 



that derived from the outside 
sheathing, all tend to produce 
a frame lacking in rigidity and 
liable to sway, creak and trem¬ 
ble in heavy winds. Unless 
fire stops of brick or concrete 
are introduced at the floor 
levels, the long unencumbered 
spaces between the studs ex¬ 
tending from sill to roof-eaves 
provide excellent flues for the 
passage of flames and render 
the balloon frame easily con¬ 
sumed by fire. 

Modifications to obtain 
greater rigidity consist in using 
3 X 4-in studs and 4 X 6-in sills, 
in introducing horizontal bridg¬ 
ing between the studs of the 
outer walls and in cutting 1 X 
6 -in boards diagonally into the 
studs from sill to corner-posts 
to act as braces. 

The Combination Frame (see 
Fig. 2) is a modification of the 
old braced frame which was the 
original stoutly constructed 
frame of heavy timbers mor¬ 
tised and pinned together com¬ 
monly used in this country until 
1860 or 1870. The modifica¬ 
tions consist of somewhat lighter 
timbers and less mortising and 
pinning to save material and 
labor. The method employs 

X 6-in sills, corner-posts and 
girts and 4 X 4-in, or 4 X 6-in 
plates. The girts are framed 
into the corner-posts at the 
second-story level and brace 


Fig. 1. Balloon Frame the whole frame as well as act¬ 

ing as support for the second- 


story floor joists. Diagonal 4 X 4-in braces are run from the sill to the corner- 


posts and from the corner-posts to the plate. Strips, 1 in X 4 in, let into the 


stud faces under the sheathing likewise make very efficient braces. The 


result is a very solid rigid framework for the entire body of the building quite 
irrespective of the bracing effects of studding, floor-joists or outside sheathing. 
The wall studs run from sill to girt and from girt to plate in separate lengths. 
The girts which support the floor-joists are called drop girts* but those 
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parallel to the joists are framed with their top edges level with the top of the 
joists to receive the flooring and are called raised or flush girts. The 
studs should always be carried down to the sill and should never rest upon 



Fig. 2. Combination Frame 


soles on top of the flooring over the joists. A somewhat stiller frame may 
be constructed by mortise and tenon joints connected with hardwood pins, 
but to avoid excessive labor costs the pieces are now usually spiked together. 
Very much cutting for joints also weakens the members and larger dimensions 
were formerly used partly on this account. 
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3. Stiffness of Framed Buildings 

Recently completed tests * (July, 1929) at the United States Forest Products 
Laboratory, Madison, Wisconsin, answer definitely many long-standing 
questions about the design of light-framed buildings and show the very great 
importance of a few simple precautions such as the use of diagonal sheath¬ 
ing, effective let-in bracing, intelligent nailing, wood lath and plaster 
and reasonably dry lumber. The government engineers decided from 
investigation that typical wood-framed and sheathed walls are sufficiently 
strong to resist any pressure of wind blowing directly against them, but that 
wall resistance to end thrust, caused when the pressure against the front 
is transmitted to the side walls, is very questionable unless the side walls are 
properly constructed. It is this end thrust which causes vibration and 
trembling of the building under moderate winds, and distortion and possible 
collapse under severe winds or earthquakes. 

With this in mind, the laboratory subjected to test nearly fifty frame walls, 
8 ft and 9 ft high and 12 ft and 14 ft long to show how a real wall would act 
under stress conditions. They were framed with 2 X 4-in studs spaced 16 in 
on centers and 4 X 6-in corner-posts, the sill was bolted to a fixed base and 
pressure was applied horizontally at the top plate in the plane of the wall 
surface. Both the rigidity of the walls, as shown by the end thrust necessary 
to cause a given movement of the end-posts from the perpendicular, and the 
strength, as evidenced by the end thrust required to cause failure of the whole 
panel, were measured. The results are measured in pounds and also upon 
the basis of stiffness and strength factors, the values for a horizontally 
sheathed panel, with two nails in each board at each stud, taken as unity. 
When it is considered that four-fifths of the houses in this country are of 
wood-frame construction, without including garages, shops, barns and other 
farm buildings, the significance of the test becomes apparent. The tabula¬ 
tion of the results of the tests follows. 

The significant conclusions derived from the tests may be summarized as 
follows: 

Inclination of Sheathing. When sheathed diagonally the walls are from 
4 to 7 times as stiff and 7 to 8 times as strong as if horizontally sheathed. 

Frequency of Nailing. Three or four nails instead of two in 1 X 8-in 
horizontal sheathing improve the wall but little. In diagonally sheathed 
walls they add from 30% to 100% to the stiffness. 

Size of Nails. Tenpenny nails instead of eights for horizontal sheathing 
increase the stiffness 50% and strength 40%, but do not improve diagonal 
sheathing. 

Effect of Matching. Side- and end-matched sheathing not butting over the 
studs is as stiff and strong as sheathing which butts over the studs. 

Effect of Green Lumber. A wall horizontally sheathed with green lumber 
and allowed to dry before testing lost about 50% in stiffness and 30% in 
strength compared to a dry-sheathed panel. 

Types of Bracing, (a) Herringbone or bridge bracing between the 
studs has little value. 

(b) Two by 4-in diagonal corner braces cut in between studs add 
60% to stiffness and 40% to strength. 

* The following table and information are taken by permission from a pamphlet pub¬ 
lished by the National Lumber Manufacturers’ Association incorporating the tests of 
the Forest Products Laboratory. 
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(c) One by 4-in strips, lot into the stud faces diagonally under the sheath¬ 
ing, make a horizontally sheathed wall 2 % to 4 times stiffer and to 4 
times stronger. 

Effect of Wall Openings. Window and door openings closely spaced 
reduce the stiffness of horizontally sheathed walls 30% and their strength 
20%. Diagonally sheathed walls lose 63% in stiffness and 50% in strength, 
but are still much better than horizontally sheathed walls without openings. 

Effect of Lath and Plaster. Plaster on wood lath makes an unsheathed 
wall 90% stiffer and about half as strong as though diagonally sheathed. It 
increases the stiffness of a horizontally sheathed panel with window and door 
openings over 200%. However, if the plaster begins to crack from shrinkage, 
settlement or other causes, the rigidity of sheathing comes into play and is 
all-important in violent winds. On this account and because of insulation 
and the distribution of concentrated loads, sheathing should never be omitted. 

4. Framing Details 

Sills (see Figs. 3, 4 and 5) should be at least 4 in X 6 in, and for heavy 
buildings or where wide openings are spanned, as over cellar window and 
doors, they should be 6 in X 8 in. They are well bedded to a level position 
with cement mortar and should set back one inch from the outside face of the 
cellar wall to allow room for the sheathing. In the best work they are bolted 
to the cellar wall with %-in bolts 24 in long set not more than 8 ft 0 in apart. 
Sills should run in one piece from angle to angle of the building with no 
splicing and are usually halved together and pinned or spiked at the corners, 
but never butted or mitered. Box sills allow greater shrinkage possibilities 
and are less rigid than solid sills and should never be used. 



Fig. S. Box Sill Fig. 4. Solid Sill 



Fig. 6. Joist and Fig. 7. Joist and Girt 
Ribbon. 


Studs. (See Figs. 6 , 7 and 8.) Two by 4-in and 3 X 4-in studs are almcjst 
always used, though where special thickness of wall is required for strength 
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or to conceal plumbing or heating pipes, etc., 2 X 6 in can be used. Studs 
are very generally set 16 in on centers as this spacing provides sufficient 
strength and stiffness for the walls and furnishes a suitable nailing for wood 
or metal lath and for outside sheathing. A 12-in centering is likewise suit¬ 
able for the nailing of lath and may be used where special strength or rigidity 
of frame is desired. 

In balloon-frame construction studs extend in one piece from the sill 
to the roof-plate and are notched out at the proper height to receive the 

1 X 6-in or 1 X 8-in ribbon which carries the second-floor joist. 

In braced or combination-frame construction the first-floor studs reach 
only from the sill to the girt, the second-floor studs resting on the girt and 
extending to the plate. They are cut in above and below the diagonal braces 
of the corner-posts. 

Studs should be brought to an even plane on the inside by furring or 
dressing to furnish a proper surface for the lathing and plastering. They 
should be doubled at the heads, sills and sides of all openings such as windows 
or doors to give rigidity to the frames. Horizontal or slightly diagonal 

2 X 4-in bridging should be cut between the studs in the middle of each 
story height to give additional rigidity. This is particularly essential in the 
balloon-frame method. 

Poets, Girts, and Braces. (See Figs. 9 and 10.) One dimension of the 
corner-post should be the same as the studs. For 2 X 4-in studs corner- 
posts should be 4 in X 6 in or 4 in X 8 in. A 2 X 4-in stud should be set 
against the corner-post to give a nailing for the plaster lath. 



2flg. 0. Furring Stud 
at Corner 



Girts should be the same dimensions as the corner-posts. The connection 
between the girt and the corner-post is the one case where a mortise and 
tenon joint should still be preserved to give proper support to the girt and 
for the satisfactory stiffening of the entire frame. There should be a bevel 
on the shoulder of the tenon, and the joint should be pinned together with an 
oak pin. If a mortise and tenon joint cannot be made, the girt should be 
supported on a block of wood spiked to the corner-post or by a steel angle 
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lag-screwed in place. When built-up comer-posts are used, the girt may rest 
on one of the component studs. 

Diagonal braces should be 3 in X 4 in or 4 in X 4 in and are most 
effective at an angle of 45°. They often run from the sill to the intersection 
of the girt and corner-post, omitting the brace from the corner-post to the 
under side of the girt. Strips 1 in X 4 in let into the stud faces under the 
sheathing also make very efficient diagonal braces. 

Plates. It is better to use plates built up of two pieces each 2 in thick, 
spiked together, than to use solid timber, for built-up pieces warp and twist 
to a less degree and have their joints more firmly spliced. Unless the extra 
width projects undesirably into the finished walls or ceiling of a room it is 
better to use a 4 X 6-in plate rather than a 4 X 4-in, as it is stiller and offers 
more resistance to the thrust of the rafters. 

Joists. (See Figs. 11 and 12.) The floor-joists of wooden buildings are 
generally planks 2 in thick. In buildings with masonry walls within the fire 
limits of cities the building codes often call for 3-in planks. The joists are 
set on edge and are spaced 12 in or 16 in apart on centers depending on the 
required stiffness and the loads. For the first story the outer ends of the 
joists are supported on the sill and the inner ends on girders or masonry walls, 
which in turn are usually placed under the bearing partitions of the first 
story. At the second story the outer ends of the joists rest on the girts or on 
the ribbons and the inner ends on the first-story bearing partitions. In the 
attic the outer ends of the joists rest either directly on the plate or on ledger 
boards depending upon the relative levels of the plate and the attic-joists. 
The inner ends rest upon the second-story partitions. 

Joists (see Fig. 13) should be framed to sills without weakening cither one 
more than necessary. This may be done by using iron hangers which allow 
the full dimensions and strength of the pieces to be available. The method 
most generally employed, however, is to cut a tenon in the floor-beam and a 



Fig. 13. Joist 
let down on Sill 



mortise in the sill. By this means the joist obtains a bearing upon the cellar 
wall as well as upon the sill, and the joist and sill are each weakened very 
little. If the design calls for a higher first-floor level the joist may rest 
entirely on top of the sill and be spiked to the studs for rigidity. When the 
inner ends of the joists rest on cross walls in the cellar they are either con* 
tinuous over the wall, or they are cut with a lap of one or two feet and arc 
spiked to another corresponding joist running to the outside wall on the other 
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side of the building. When the joists are supported on girders, the girder 
is either dropped so that the joist rests upon it, or the top of the joist is framed 
flush with top of the girder. This is best done by means of iron hangers, 
which do not weaken the girder or the joist and permit only a minimum of 
settling in the joists through shrinkage of the girders. 

Joists are also mortised into the girders or rest upon wood strips nailed or 
bolted to the sides of the girders. The first method is laborious and weakens 
very much the girder and the second is a poor method for the joists. The 
use of steel hangers is very little more expensive than the cutting of the 
mortise holes and tenons. (See Figs. 14, 15, 16 and 17.) 

Floor-joists should be leveled when set so that the tops form a level plane 
to receive the flooring. This is done when setting the ends or by dressing 
the tops of those joists requiring it. 

Framing around stair-wells or chimneys should be done with heavier beams 



or doubled joists called Trimmers supporting the cross-beams or Headers 
which in turn support the short joists or Tail-Beams. Headers, trimmers 
and tail-beams should rest on steel hangers. Joists should never be built 
into a chimney but should be supported by a header set away from the 
chimney breast. (See Figs. 18 and 19.) 

Where a projecting corner of floor occurs without vertical support from 
below, as in a stair-well or stair-landing, a cantilever girder may be intro¬ 
duced. Assuming the joists in Fig. 20 to be 2 in X 12 in, the 6 X 12-in 
header and trimmer beams are framed in the usual manner for stair-wells. 
A 6 X 6-in piece, half the depth of the joists, is framed diagonally across 
from beam B to header A with its lower edge flush with the lower edge of the 
joists and beams. A 4 X 12-in beam is then notched down 6 in over the 
6 X 6-in piece and cantilevers over to support the corner. 

Joists carrying non-bearing and discontinuous partitions should be doubled 
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when running parallel with the partitions. They should not touch but be 
sufficiently separated to allow pipes and wires to pass between them and to 
give nailing for floor. Pieces of 2 X 6-in plank are inserted between the 
joists to carry the partition. To support discontinuous cross partitions the 

joists must be made heavy enough 
to carry the concentrated load of 
the partition. (See Fig. 21.) 

Bridging. After the joists are 
set and leveled they should be 
bridged by cutting in between the 
joists a line of diagonal braces of 
1 X 3-in or 2 X 3-in pieces for 
each 5 to 8 ft of span. The pieces 
should be cut on a miter to the 
exact length and fastened by nails 
to the joists. This bridging stiffens 
the floor and prevents vibration, 
as weil as helping to spread a com 
centrated load on one joist to the 
adjoining beams. It does not increase the strength of the floor to carry dis¬ 
tributed loads. (See Fig. 22.) 

Framing around Openings. In the case of narrow openings it is sufficient 
to double the studs at the sides and over the head of the opening. Where 
the openings are wider, however, trussing is used to give the required 
strength. The header may consist of two 2 X 4-in set flat-wise, with a 
2-in space between the upper and lower pieces, so that any sag developed in 
the upper piece by the weight above will not be transmitted to the lower 




piece, causing the window or door to bind. The two head-pieces may also 
be set side by side with the larger dimension vertical, thereby forming a 
much stiffer head-piece. All these methods are considered good practice. 
(See Figs. 23 and 24.) 

Wood-Girders should be of long-leaf yellow pine or Douglas fir and may 
be solid or built up of several pieces. The joists are best supported by steel 
hangers, but for light loads they may rest on bearing strips bolted along 
the lower part of the girder. This arrangement should not be used unless the 
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girder is deeper than the joists, for the joists should never be notched out to 
permit a bearing. The strips should be of hardwood 3 in thick and from 4 in 
to 6 in deep depending upon the depth of the joists. The bolts should be 
% in to % in spaced 16 in to 20 in apart. (See Fig. 15.) 

Built-up girders consist of several planks bolted together side by side 
with %-in bolts 20 in apart in staggered rows. They are as strong as solid 
girders and are less likely to warp or to contain decayed wood. 

Steel Girders. Joists may be attached to steel girders by stirrups, hangers 
or shelf angles, and should always be set with their tops % in above the top 
flange of the steel girder to allow for shrinkage. Stirrups can be hooked 
over the top flange of the girder and can be furnished in sizes to carry the joist 
at any height desired. Another type of hanger is bolted to the web of the 
girder and rests on the lower flange with a shelf to carry the joist. Shelf 
angles are riveted to the web of the girder in the shop and are the most com¬ 
monly used. (See Fig. 25.) It is not considered good practice to rest the 




Fig. 26. Connections of Wood Joists td Steel I-Beams 


joist directly on the lower flange of the steel girder because the narrow and 
sloping surface of the flange does not give sufficient bearing unless Bethlehem 
or Carnegie shapes are used. 

Supports for Girders. First-story girders may be supported in the base¬ 
ment at intervals as required by wood posts, pipe columns, steel columns or 
masonry piers. Wood posts should be set up above the cellar floor on a 


Wood ^Girder ^Stew al Girder 



S ' L ~ ,L \, INBaee 

&36oncr&*3 


jFdoting 


Fig. 26 Girder Supports 


Wood 





H 


■ 


Tran 



Fig. 27. Joists Supported 
by Shelf Angles 
.Riveted to Girder 


concrete base to avoid dampness. Pipes, steel columns or masonry piers are 
preferable to wood posts because of freedom from shrinkage. (See Figs. 
26 and 27.) 

5. Partitions 

Partitions are generally built of 2 X 4-in or 3 X 4-in studs 12 in or 16 in 
on centers. For bearing partitions studs are set 12 in on centers and when 
the loads are heavy or the ceiling is over 9 ft 6 in high 2 X 6-in studs should 
be used. It is sometimes also necessary to use 2 X 6-in studs to provide suf¬ 
ficient space when plumbing or heating pipes are contained in the partitions. 
Wood and metal lath work out evenly for both 12-in and 16-in spacing. 
For bearing partitions the studs should run through between the joists 
and should rest on the girder or on the cap of the partition of the story below 
in order to avoid all shrinkage possible. If the studs rest on soles placed 
over the flooring across the joists, the shrinking of the joists will cause the 
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studs to settle sufficiently to crack plastering and prevent doors from dosing. 
For this reason, too, it is much better to rest the first-story joists in beam 
hangers with tops flush with top of girder than to rest the joists on top of 
the girders. It is well to fill the spaces between the studs, where they pass 
between the joists, with brick or concrete to act as a fire stop. With steel 
girders there is naturally no shrinkage and they are often used instead of 
wood girders especially when the exterior walls are of masonry. In this way 
an equally unyidding bearing is obtained for the outer and inner ends of the 
joists. (See Fig. 28 ) 

Partitions should be braced with 2 X 4-in horizontal bridging cut in between 
the studs, there being at least one row of bridging in each story height. 

For closet partitions, where space must be saved and the wall area is 
small, the studs may be set the 2-in way, well bridged. 

The top of wood-framed partihons generally consists of a horizontal 
stud called a cap. When partitions run at right-angles to the joists the cap is 
spiked to the under side of the joists and the studs nailed to the cap. W T hen 
the partition runs parallel to the joists it is well to arrange the joists so that 



Incorrect Correct 

Fig. 28. Bearing Partition 


one of them comes directly against the studs for nailing and bracing. A 
strip is then nailed across the studs on the other side to give nailing for the 
floor. In both cases the studs of the partition of the floor above rest on the 
cap of the partition below. For greater security this cap is sometimes 
doubled. (See Fig. 29.) 

Corners. Intersections of partitions with each other or with the outside 
wall should be made solid and give a nailing for the lath. The studs may be 
doubled and kept far enough apart to give nailing, or horizontal bridging may 
be cut in between two studs with regular 12-in or 16-in spacing. This bridging 
should be spaced about 3 ft apart vertically and the stud of the abutting 
partition is spiked to the bridging. A very solid construction is also obtained 
by using two 2 x 6-in studs at the angle with nailing strips for the lath 
(See Figs. 30 and 31.) 

Trussed Partitions. Where a partition of wide span is parallel to the 
joists with no support below, it may be trussed to prevent sagging. This is 
done by a stout bottom member, diagonal braces and vertical steel tension 
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rods. The cost of trussing is very small and the truss may be used to sup¬ 
port floors or partitions above. Such a truss should be slightly crowned 



and care must be taken that the supports under its ends are ample. (See 
Fig. 32 ) 


6. Roof Construction 

Roof Construction. (See Fig. 33 (a) ( b ), ( c ), ( d ), (c), and (/) ) The pitch 
of a roof is the inclination of the rafters with a horizontal plane and is expressed 
in degrees or in inches to the foot. The pitch of the roof is a matter of design 
depending upon appearance or upon the amount of space required in the top 
story. As a matter of practical construction shingles require a pitch of at 
least 6 in to the foot, slate 5 in and tiles 7 in to avoid leaking. The most 
economical pitch for trussed roofs is about 30°. Roofs may in general be 
divided into six types. (1) Lean-to Roofs having one slope. (2) Gable 
or Pitched Roofs having two slopes and a triangular or gable end. (3) 
Gambrel Roof with a break in the roof surface near the middle on each side 
of the building with the portion of roof below the break steeper than the part 
above it. (4) Mansard or French Roof with breaks in the roof surface 
like a gambrel roof but with straighter sides and slopes from all sides of the 
building. (5) Deck Roof having sloping sides below and a flat deck on 
top. (6) Hipped Roof with slopes running back from the eaves at the 
ends of the building as well as at the sides. 

Roof boarding is supported on rafters which are in turn supported at 
their lower ends by the wall plate and at their upper ends by the ridge-pole or 
by hip and valley rafters. The hips and valleys mark the intersection of 
roof planes and they should be framed with heavier and deeper timbers than 
the rafters to give solidity and stiffness to the roof. When rafters are over 
18 ft long they should be supported near their center spans by partitions 
or collar beams or by cross-timbers called purlins resting on trusses or posts. 
(See Figs. 34 and 35.) 

The type of roof is often a matter of design, but it is of assistance in deter¬ 
mining the intersections to use the following method. Construct the largest 
rectangle which is contained in the outline of the building, as A BCD* This 
gives the main body of the roof to which the various projections are subor¬ 
dinated. Draw 45° lines from each corner of the rectangle until they inter¬ 
sect and connect their intersections, obtaining the main hip lines and the 
main ridge. Then draw in the 45° hip and valley lines for the ells and other 
projections and their ridges. A hip roof throughout is thus obtained but if 
gable ends are desired the hip lines may be erased and the ridge extended to 
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the exterior wall lines. If a gambrel roof is desired the longitudinal lines 
may be drawn in by taking off their positions from the elevations. A deck 
can be introduced where wanted. (See Fig. 36.) 

Rafters are spaced from 16 in to 24 in apart. If a roof be less than 30 ft in 
span and the plates are securely tied by the attic joists no interior supports 
are needed. The proper sizes and spacing of rafters for the various spans 
and loads may be found by consulting Tables XXXVII to XLIV. 



As a rule it is more economical to reduce the lengths of rafters by using 
purlins, trusses or partitions for supports than to use rafters heavier than 
3 in X 12 in. Each rafter should have a firm bearing of from 2% to 4 in 
depending upon the depth of the rafter. They should be accurately cut to 
fit the plate and be securely spiked to it. At the ridge rafters are spiked to 
a longitudinal plank, generally 1 in thick, called the ridge or ridge-pole. 
In simple roofs of moderate span and rigid plate the hip-rafter need not be 
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more than 2 in thick but should be 2 in deeper than the common rafters to 
give space for nailing and for beveling the top edge. For heavy roofs with 



large spans the hip rafters should be 3 in thick or consist of two pieces each 
2 in thick. 
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Valleys and headers should be computed in each case by the same for¬ 
mulas as if they were horizontal beams. Valley rafters have to support nearly 
all the roof above them and one of each pair should extend to the main ridge 
or to a hip-rafter. 

Rafters should be doubled or tripled at sides and heads of dormers, depend¬ 
ing on the size of opening and expanse of roof to be supported. 

Collar-Beams and Ties. A pitched roof is much strengthened by hori¬ 
zontal tie-beams across each pair of rafters 8 or 9 ft from the attic floor. 
They serve to prevent the rafters from sagging or separating and to relieve 
the thrust on the plate. They also act as ceiling-beams for the attic. (See 
Fig. 37.) 

Ties are often used when the attic joists are below the plate and so cannot 
tie it across the building. They are set at an angle and spiked to rafter and 
attic joist. (See Fig. 38.) 

Gambrel and Mansard Roofs. The lower rafters are framed at the curb 
into a purlin or plate at least 4 in X 6 in which carries the lower ends of 



the upper rafters. Such roofs should be tied together by ceiling joists as 
near the curb as possible and by attic joists at the main plate. Mansard 
roofs sometimes have curved fronts which are formed with 2-in furring 
pieces cut to the curve and spiked to the straight main rafters, which are the 
true structural members. (See Fig. 39.) 

Dormers. The opening is framed in the roof w th doubled side or trimmer- 
rafters and header. Studs at side of dormer are notched out 1 in over the 
roof boarding and under the trimmer-rafter and extend to the floor, thus 
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preventing the roof from sagging or breaking away from the dormer. 
(See Figs. 40, 41 and 42 ) 

Roofs of Wide Span. When the span of the roof exceeds 30 ft either 
trusses or interior supports must be used. In residences partitions or 



posts can generally be employed to advantage for support, but where a clear 
space is desired under the roof it is necessary to resort to trusses. Wood 
roof-trusses, except for special cases, are triangular in shape and consist of 
top chords, bottom chords, purlins and diagonal members in wood and vertical 
tension members of steel rods. The purlins are placed horizontally across 
the top chords from truss to truss to support the rafters at one or more 
points depending upon the number of purlins. 
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7. Design 

In selecting the joists and girders for given spans and loads the following 
requirements must be remembered. 

(1) The allowable working stresses for bending and for shear must not be 
exceeded.' 

(2) The allowable limit for deflection must not be exceeded. 

(3) The depth of the member must be confined to the limits set by the 
requirements of design as to floor to ceiling space, or as to clear height of the 
story below. 

(4) The sizes of the joists and girders should be easily obtainable in the 
local markets. 

(5) The passage of pipe9 and necessary cutting or connections may influ¬ 
ence the cross-section of the joists. 

Framing Plans. The safest and most economical method of running the 
floor-joists is determined by laying them out on the working floor-plan of the 
building or, if the conditions are at all complicated, by making a separate 
framing plan. By this means are learned the spans of the joists themselves, 
the concentrated loads such as partitions or header-beams which may come 
upon them and the position of any girders, trimmer-beams or posts which 
may be required. In general the joists should run parallel to the shortest 
dimension of the area to be floored over to avoid waste both in material and 
in depth of beam. It is not practical, however, to employ greater spans for 
joists than 24 ft 0 in. When the distance between the supports exceed this 
amount girders may be introduced running parallel to the short dimension of 
the area and the joists then laid running in the opposite direction and sup¬ 
ported upon the girders. It may, however, be found more practical to run 
the joists over the shorter span and merely support them by a longitudinal 
girder at their center. The girders are so spaced that the span of the joists 
will not exceed 20 ft to 24 ft for light buildings and 16 ft to 18 ft for warehouses. 
If the design permit, the spans of the girders may be reduced by the use of 
wood posts, concrete-filled pipe columns, steel columns or brick or concrete 
piers. If such supports interfere with the design and the loads on the girders 
are too great for single timbers, trussed wood beams or steel beams may be 
used as girders in connection with the wood joists. Steel beams are very 
useful in reducing the depth of the girder and thereby increasing the ceiling 
height of the story below. (See Figs. 43, 44 and 45.) 

Joists are usually spaced either 12 in or 16 in on centers to give even nail¬ 
ing to plaster lath without cutting the lath, both wood and metal lath 
being furnished in proper widths to take these nailings. The most usual 
spacing of joists is 16 in on centers. The 12-in spacing, however, is often 
used when the loads are too heavy for a 16-in spacing and the ceiling height 
of the floor below will not permit a deeper joist. Framing lumber is furnished 
by the mills in lengths which are multiples of 2 ft, and much waste both In 
labor and material may be saved by planning the rooms and the story heights 
so that the entire length of a timber without cutting may be utilized for 
joists, studs, rafters and girders. A change of a few inches will often effect 
this saving without seriously altering the architectural design. 

Economy may often likewise be effected by a careful choice of the grade 
of the wood. While a dense or select grade of wood may be stronger against 
bending, it is also heavier and more costly. The strength of a piece of timber 
varies as the square of its depth, and its stiffness or resistance to deflection 
varies as the cube of its depth. Its stiffness also is little influenced by the 



Art. 7] 


Design 


741 


grade of the material. Consequently, it often happens in light framing that 
when No. 2 common grade is used instead of No. 1 common, a deeper joist 
will be required to carry the load but that this joist will be much stiffer than 
the lighter one required for No. 1 common. The cost of No. 2 common 
being much less than No. 1 common, a joist of the former grade will not 
only be cheaper but stiffer also, which is important when ceilings are plastered* 
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Fig. 43. Joists Parallel to 
Shorter Dimension 



Fig. 44. Joists Parallel to Shorter 
Dimension and Supported by 
Girder at Center of Span 



Longer Dimension and 
Supported by Two Girders 
at Third Points of Span 


On the other hand, where girders with fairly heavy loads are required, it 
may be found that economy will be attained if the best dense grades are used 
at a higher price but containing less material. 

Cutting. The possibility of holes or notches being cut in the joists, beams 
and girders by electricians, plumbers and steam-fitters for the passage of 
pipes, conduits, etc., should be borne in mind and the general run of such 
pipes considered in designing the members. 

Calculations of Floor-Loads. Tables have recently been prepared by the 
various lumber associations and by the Federal Government giving the 
allowable sizes of joists, beams and girders for the various loads, spans and 
kinds of timber* These tables are based upon the latest tests on wood and 
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also upon the latest methods of grading. They are likewise derived by the 
use of the recognized formulas of mechanics so that there is no question as 
to their accuracy. In many cases two values of allowable loads are given 
for the same span and size of timber, the one value being allowable in cases 
where it is necessary to consider bending only, as in warehouses, factories, 
etc., with unplastered ceilings, the other and smaller value where deflection of 
the joist or beam must also be considered. The allowable maximum deflec¬ 
tion is taken as 1/360 of the span or 1/30 in for each foot of span. 

The tables are based upon uniformly distributed loads over the entire 
member. In cases where a concentrated load exists, this load must be trans¬ 
formed into an equivalent distributed load by the use of a factor depending 
upon the point of application of the concentrated load. 

Factors for equivalent distributed loads are given in Table V. 

Allowable sizes of joists and rafters are given in Tables XXI to XLIV. 

In using these tables it should be remembered that only a small part of 
the factor of safety for wood is available for taking care of overloads, most 
of it being required to adjust for the known variability in the strength of 
dear wood, the effect of defects and the duration of the load. Timbers 
should not be subjected, therefore, to long-time loads much greater than the 
design load. 

8* Sections, Stresses, Buckling and Deflection of Wood 

Beams 

Sections and Fiber-Stresses. The cross-sections of wood beams are 
almost invariably square or rectangular and those shapes only are considered 
in the following rules and formulas. Beams should have such a cross-section 
that the maximum fiber-stress due to transverse bending, the maximum 
horizontal shear and the maximum compression across the grain at the end 
bearings do not exceed the allowable working unit stresses as set forth in 
Table I. 

Buckling. Wood girders should be braced laterally to prevent buckling 
when the ratio of length to breadth exceeds twenty, or designed with a reduced 
fiber-stress from that allowable, where this ratio is exceeded. The tables 
contained herein assume such bracing which, in building-construction, is 
nearly always furnished by the beams or joists framing into the girder. 
Joists should have cross-bridging not over 8 ft on centers. The percent¬ 
age of reduction of fiber-stress for girders where no bracing occurs should be 
as follows: 


Ratio of length to width. 20 to 30 30 to 40 40 to 50 50 to 60 

Percentage of reduction. 25 34 42 50 


Deflection. It is also important that beams carry their loads without 
deflection beyond a limit fixed by the use to which the structure is applied. 
This limit is generally taken for plastered ceilings at 1/30 of an inch per foot 
Of span or 1/360 of the span. 


9. Working Unit Stresses for Commercially Dry Lumber 

Table I gives the allowable working unit stresses for commercially seasoned 
wood in sheltered and continuously dry locations such as are present generally 
in building-construction. For timber occasionally wet or continuously wet. 
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as in bridge, trestle or pier construction, reductions should be made in the 
values for bending, compression and shear. Tables for timber in such con¬ 
ditions may be obtained from the Forest Products Laboratory, Madison, 
Wisconsin. Since this construction comes rather in the province of the civil 
and railroad engineer the tables are not included here. 

The grades of lumber are for dimension lumber and timber equivalent in 
quality to the American Standards for Structural Material as recommended 
by the Bureau of Standards of the United States Department of Commerce 
in Simplified Practice Recommendation No. 16 , For lumber not equivalent 
to American Standard Structural grades suitable lower stresses should be used. 

The stresses in Table I are those recommended by the Forest Products 
Laboratory of the United States Department of Agriculture at Madison, 
Wisconsin, after many series of tests. These grades and stresses have been 
adopted by the American Railway Engineering Association and by several 
cities in their revised building codes, they have been accepted by the Amer- 
can Society for Testing Materials and they are recommended by the Building 
Code Committee of the United States Department of Commerce. When 
buildings are constructed in communities whose building codes prescribe 
other allowable working stresses, the stresses of the code must of necessity 
be followed. The tendency is, however, to accept the stresses as recom¬ 
mended by the Forest Products Laboratory on the part of most communities 
as they successively amend or standardize their codes. 

For Direct Tension the same values as for extreme fiber-stress in bending 
may be used. 

Shearing Stress for Joint Details may, for all grades, be taken as 
50 % greater than the horizontal shear values otherwise permitted. 

In the case of Joists supported on a ribbon board and spiked to the stud¬ 
ding, the allowable stress in compression across the grain may be increased 
50 % above that specified. 
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When graded the same as corresponding grade of Coast Region Douglas Fir. 














Table I (Continued). Allowable Working Stresses for Structural Lumber and Timber 

All computations to determine the required sizes of lumber members should be based on the net cross-sectional area or actual size. 
The size of members should be sufficient to carry the imposed load safely and without exceeding the allowable working stresses given 
in Table I. 

Allowable Unit Stresses for Structural Lumber and Timber 
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in Table 1. 
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(Commercial White) 

































Table I (Continued). Allowable Working Stresses for Structural Lumber and Timber 

All computations to determine the required sizes of lumber members should be based on the net cross-sectional area or actual size, 
The size of members should be sufficient to carry the imposed load safely and without exceeding the allowable working stresses given 
in Table I. 

Allowable Unit Stresses for Structural Lumber and Timber 
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Table II gives the nominal and dressed sizes, the weight per linear foot, 
area of cross-section, moment of inertia, and section-modulus of American 
Standard Yard Lumber and Timber. These values are recommended by the 
Forest Products Laboratory and are furnished here for use with the usual 
formulas of mechanics employed in designing structural members in wood. 

Table II. Properties of American Standard Yard Lumber and 
Timber Sizes 


Size 

American 
standard 
dressed size 

Area of 
section 

Weight per 
lin ft * 

Moment of 
inertia 

Section- 

modulus 

(Nominal 
in inches) 

A=*bd 

lb 

bd •* 

'-IT 


in 

sq in 

2 X 4 

mx 3 s 


1.6 

6.45 

3 56 

2X 6 

l^X SH 


2.5 

24.10 

8.57 

2X 8 

ikx m 


3.4 

57.13 

15.32 

2X10 

1%X 9H 

1 5. 44 

4 3 


24.44 

2X12 

IHX11M 

18.69 

5.2 


35 82 

2X14 

1HX13M 

23 62 

6.5 


49.36 

2X16 

1MXISH 

2S. 18 

7.0 

504 24 

65.07 

2X18 

1HX17M 

28 43 

7.9 

725 71 

82 94 

2X20 

iy s xi9M 

31 69 

8.8 

1 004 05 

102 98 

3X 4 

2y 8 X 3'i 

9 51 

2 6 

10 42 

5 75 

3X 6 

2 %x sy. 

14 76 

4.2 

38.93 

13 84 

3X 8 

2 NX 7 A 

19.68 

5 7 

92 28 

24.60 

3X10 

2%X 9'A 

24 93 

7.2 

187 55 

39.48 

3X12 

2)iXl IX 

30. 18 

8.8 

332.69 

57 86 

3X14 

2XXW6 

35.43 

10.3 

538 21 

79.73 

3X16 

2V,XiSH 

40.68 

11 3 

814.60 

105 11 

3X18 

2HX17 A 

4=5.94 

12.8 

1 172 36 

133 98 

3X20 

2AX 19A 

51.19 

14 21 

1 622.00 

166 36 

4X 4 

3V S X 3 6 

11.14 

3 6 

14.38 

7.94 

4X 6 

SVsX SH 

21 39 

5.7 

53.76 

19.11 

4X 8 

3HX 7y 2 

27.18 

7.5 

127.44 

33 98 

4X10 

3^X 9V 2 

34 43 

9 6 

258 99 

54 52 

4X12 

3HXHH 

41 68 

11 6 

459.42 

79.90 

4X14 

3%Xl3Vi 

48 93 

13.6 

743 23 

110.11 

4X16 

3HXISH 

56.18 

15 6 

1 124.90 

145 15 

4X18 

3VbX 17^ 

63.43 

17.6 

1 618 96 

185.02 

4X20 

3^X19^ 

70.69 

19.6 

2 239 88 

229.73 

6X 6 

SAX SA 

30.25 

8 4 

76.25 

27.73 

6X 8 

SAX 7A 

41 25 

11.4 

193.35 

51.56 

6X10 

SAX 9A 

52.25 

14.5 

392.96 

82.73 

6X12 

mmsggm 

63 25 

17.5 

697 06 

121.23 

6X14 


74 25 


1 127.66 

167.06 

6X16 

WBSSS3SBM 

85.25 

■ni 

wanmiM 

I 220.22 


* Based on assumed average weight of 40 lb per cu ft. 
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Table II (Continued). Properties of American Standard Yard 
Lumber and Timber Sizes 


Size 

American 
standard 
dressed size 

Area of 
section 

Weight 

per 

lin ft * 

Moment of 
inertia 

Section 

modulus 

(Nominal 
in Inches) 

A=bd 

lb 

Ba 

M2 

S ~~ 

in 

sq in 

6X18 

SHX17H 

96 25 

26 7 

2 456.36 

280.73 

6X20 

SHX19H 

107 25 

29 8 

3 398.46 

348.53 

6X22 

5HX21H 

118.25 

32.8 

4 555.05 

423.76 

8 X 8 

74X 7H 

56.25 

15.6 

263.67 

70.31 

8X10 

7HX 9 M 

71 25 

19 8 

535 85 

112 81 

8X12 

7'AXll'A 

86 25 

23 9 

950 55 

165.31 

8X14 

7^X13 H 

101 25 

28 0 

1 537 73 

227.81 

8X16 

7,4X15^ 

116 25 

32 0 

2 327 42 

300.31 

8X18 

7HX17H 

131 25 

36 4 

3 349 60 

382.81 

8X20 

7'4X19H 

116 25 

40 6 

4 634 30 

475.31 

8X22 

7HX21) 2 

161.25 

44.8 

6 211.43 

577.81 

8X24 

7KX23H 

176 25 

48 9 

8 111 17 

690.31 

10X10 

934 X 9J4 

90 25 


678 75 

142 89 

10X12 

934X1134 

109 2 5 


1 204 01 

209.39 

10X14 

94X13H 

128 25 


1 947 78 

288 56 

10X16 

9HX15H 

147.25 


2 948.04 

380 39 

10X18 

9HXX7H 

166 25 


4 242.80 

484.89 

10X20 

9)4X19^ 

185 25 

51 4 

5 870.05 

602.06 

10X22 

9HX21H 

204 25 

56 7 

7 867.81 

731.89 

10X24 

9HX23H 

223 25 

62 0 

10 274 06 

874.39 

10X26 

9AX25A 

242 25 

67 3 

13 126 81 

1 029.56 

10X2.8 

9*4X2734 

261.25 

72 5 

16 465.24 

1 197.39 

10X30 

9HX29H 

280.25 

77 8 

20 323.79 

1 377 89 

12X12 

ii34xn 34 

132 25 

mm 

1 457 50 

253.47 

12X14 

11J4X1334 

155 25 

mu 

2 357 85 

349.31 

12X16 

1134X15*4 

178 25 


3 568 70 

460.48 

12X18 

11HX17V$ 

201 25 

mm 

5 136.49 

586.98 

12X20 

11^X19*4 

224 25 

mai 

7 105.90 

728.81 

12X22 

11J4X21H 

247 25 

Eli 

9 524 2 4 

885.98 

12X24 

11HX23J4 

270 25 

mm 

12 437 08 

1058,47 

12X26 

1U4X25^ 

293 25 

min 

15 890 42 

1 246.31 

12X28 

UHX27^ 

316.25 

87 8 

19 932 58 

1 449.47 

12X30 

UJ4X2934 

339 25 

94 2 

24 602 61 

1 667 97 

14X14 

1334X13** 

182 25 

50.6 

2 767 02 

410.06 

14X16 

13*4X 15** 

209 25 

58 1 

4189.36 

540 56 

14X18 

13**Xt7*4 

236 25 

65 6 

6 029 29 

689 06 

14X20 

13V$X19*4 

263 25 

73 1 

8 341.73 

855 56 

| 14X22 

13HX21H 

290 25 

80 6 

11 180.67 

t 040 06 


* Baaed on assumed average weight of 40 lb per cu ft 
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Table II (Continued). Properties of American Standard Yard 
Lumber and Timber Sizes 



(Nominal 
in inches) 








American 

standard 

Area of 
section 

- dressed size 

A**bd 

in 

sq in 

13HX234 

317 25 

13^X25^2 

344.25 

13HX2713 

371.25 

mx29}i 

398.25 

15XX15M 

240.25 

1SMX17H 

271 25 

15,4X19 y 2 

302.25 

15HX214 

333.25 

154 X 234 

364.25 

154X254 

395 25 

154X274 

426.25 

154 X 294 

457.25 

17HX17H 

I7.HX19H 

§ 1 | 1 §« 

mn 

17HX21H 

376.25 

17MX23M 

411.25 

17MX25H 

446 25 

17HX27H 

481.25 

17KX29H 

516 25 

19HX19H 

380 25 

19HX21H 

419.25 

19MX23H 

458.25 

19^X25^ 

497.25 

19HX27« 

536.25 

19HX29K 

575.25 

23MX23H 

552 25 

23MX25^ 

599.25 

23MX27M 

646 25 

23HX29H 

693 25 


Moment of 
inertia 







Section 

modulus 



14 600.10 
18 654.04 
23 398.73 
28 881.42 

t 242.56 

1 463.06 

1 701.56 

1 958.06 

4 809.98 

6 922.49 

9 577.50 
12 837.00 
16 763.00 

620.64 

791.14 

982.31 

1 194.14 

1 426.64 

21417.50 
26 863.78 
33 159.98 

1 679.81 

1 953.64 

2 248.14 

7 815.73 
10813.33 
14 493 45 
18 926.02 

893.23 

1 109.06 

1 348.23 

1 610.72 

24 181.11 
30 331.62 
37 438.79 

1 896.56 

2 205 72 

2 538 22 

12 049.49 
16 149 86 
21 089.04 
26 944.73 
33 798.17 
41 717.61 

1 235.81 

1 502.31 

1 794,81 

2 113.31 

2 457.81 

2 828.31 

25 414.96 
32 471.80 
40 731.06 
50 274.98 

2 162.97 

2 546 81 

2 916.97 

3 408.47 


* Based on assumed average weight of 40 lb per cu ft. 
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Table 111 gives the unit working stresses allowed for various kinds of wood 
by the current building codes of six representative cities, New York, Chicago, 
Boston, Philadelphia, Denver and San Francisco. A constant effort is being 
made to standardize the allowable stresses in all the cities of the country and 
as the codes are revised the tendency is to adopt the values based upon the 
government tests and recommended by the government bureaus. 


Table m. Unit Working Stresses in Pounds per Square Inch 

Allowed in Various Cities 


Kind of 
stress 

Kind of wood 

New 

York, 

Chi¬ 

cago, 

Bos¬ 

ton, 

Phila¬ 

delphia, 

Den¬ 

ver, 

San 

Fran¬ 

cisco, 

1928 


1927 

1928 

1926 

1929 

1927 


Yellow pine—L.-L 

1 600 

i 300 

1 60J 

1 600 

1 600 



Yellow pine—S -L 

1 000 

1 000 

1 200 

1 200 




Sound} 

1 200 

1 300 

|g*jM 

f 1 600 
l l 200 

1 600} 

1 300 f 

1 600 

Bending 

Oak .... 

1 200 

1 200 

1 400 

1 400 

1 400 


Spruce . 

1 200 

800 

1 000 

1 100 

1 100 

700 


Eastern hemlock 

800 

600 


1 100 

1 100 



W. Coast hemlock 
White pine 

1 200 

800 

1 000 

1 300 

1 300 

700 


Yellow pine—L.-L 

1 600 

1 100 

1 200 

1 175 

1 200 



Yellow pine—S.-L, 

1 000 

800 

900 

880 

1 000 


Compression 

DoU ^ fif -Sound! 

1 200 

1 100 

1 000 

f 1 175 
l 880 

1 200} 

I 000 1 


with the 

Oak ... 

1 400 

900 

900 

1000 

1 000 


Grain 

Spruce . . 

1 200 

700 

750 

800 

800 

800 


Eastern hemlock 

800 

500 

... 

700 

700 



W. Coast hemlock 
White pine 

1 000 

700 

700 

900 

900 

800 


Yellow pine—L.-L 


Mi 

350 

345 

350 



Yellow pine—S.-L 

■ 


250 

325 

300 


■ 

Compression 

***•*•££} 

■ 


200 

( 345 
l 325 

350 } 
300 J 

300 

across the 

Oak. 



500 

500 

500 


Grain 

Spruce. 

800 


250 

250 

m 

200 


Eastern hemlock 

800 

150 


300 

msM 



W. Coast hemlock 
White pine 

800 

200 

200 


u 

200 


Yellow pine—L.-L 

150 

130 


110 

125 



Yellow pine—S.-L 

100 

120 


88 

■ESI 


Shear 

Douglas fir. 

100 

130 


n9 

■ 

150 

with the 

Oak. 

200 

200 


125 

125 


Grain 

Spruce. . 

100 

80 


85 

85 

100 


Eastern hemlock 

100 

60 



70 

... 


W. Coast hemlock . 
White pine 

100 

80 

80 

75 

75 

100 


Yellow pine—L -L 

1 000 







Yellow pine—S.-L. 

1 000 






Shear 

Douglas fir . . 

Oak. 

1 000 

1 000 





750 

across the 
Grain 

Spruce. 

500 





500 

Eastern hemlock .,. 
W. Coast hemlock 

600 






' 


500 


500 
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10. Constants and Coefficients for Beams 

Value of Constant A • The letter A in the following formulas (1) to (13) 
denotes the Safe Load for a Unit Beam 1 in square in cross-section and 1 ft 
in span, having a concentrated load, W, at the middle of the span. 

_ SI _ Sbd* 
c 6 

In this case 

then 

Wl Sbd 2 
4 “ 6 


when l is in inches. 
When l is in feet, 



Table IV. Coefficient for Wood Beams Values for A in Formulas 

Commercially dry timber protected as in building construction 


88.9 88.9 88 9 72.2 88.9 

55.6 66.7 66.7 55 6 72.2 

88.9 . . 72 2 

66.7 66.7 61.1 

66.7 77.8 77.8 66.7 I 77.8 


L.-L. yellow pine. 


S.-L. yellow pine 


Douglas fir—Select 
Douglas fir. 


n . r Select. 

uaK Common. . 


W. Coast hemlock: 

Select. 

Common. 


Eastern hemlock: 

Select. 

Common. 


White pine 


Spruce | £* 


Select. .. 
Common. 



Den¬ 

ver 

San 

Fran¬ 

cisco 

Recom¬ 

mended 

88.9 

. 

m 

88.9 

72.2 

m 

66.7 

88.9 

88.9 

88.9 

72.2 


66.7 

77.8 


77.8 

61.1 

72.2 


72 2 
55.6 

61.1 

■ 


50 


| 61.1 

61.1 

38.9 

61.1 
| 44 

■ 

41.6 

55.6 
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Therefore, when b (the breadth of the beam), and d (the depth of the beam), 
each equal 1 in, and l (the span) equals 1 ft, 



A is therefore also one-eighteenth of the allowable bending fiber-stress in 
pounds per square inch. The following are the values of A, obtained by 
dividing by eighteen the Recommended Unit Stresses for Transverse Bending, 
and those given in the building laws of New York, Philadelphia, Boston, 
Chicago, Denver and San Francisco. The value of A for other woods may 
be found by dividing by eighteen the allowable working unit stresses for 
bending as given in Table III. 


11. Flexural Strength of Wooden Beams 


Section-Modulus. For beams with a rectangular cross-section, the formu¬ 
las for strength can be simplified by substituting for the section-modulus its 
value J'6 M*» where b is the breadth and d the depth of the section. 

Substituting this value in the general formulas for beams with rectangular 
cross-sections and of any material, the following formulas result: 

Beams Fixed at One End and Loaded at the Other (Fig. *6). 


or 


Safe load, in pounds 


breadth X squar e of depth X A * 
4 X length in feet 


Breadth, in inches 


4 X load X length in feet 
square of depth X A * 


( 1 ) 

( 2 ) 



Fig. 46. Cantilever Beam. Load 
near Free End 



Fig. 47. Cantilever Beam. Distrib¬ 
uted Load over Entire Span 


Beams Fixed at One End and Loaded with a Uniformly Distributed Load 
(Fig. 47). 


Safe load, in pounds 


breadth X square of depth X A * 
2 X length in feet 


0 ) 


ir 


Breadth, in inches 


2 X load X length in feet 
square of depth X A * 


( 4 ) 


* For values of A . see Table IV. 
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Jtoams Supported at Both Ends and Loaded at the Middle (Fig. 48). 

_ . , , . , breadth X square of depth X A * 

Safe load, m pounds =* -:—:-— w; 


Safe load, in pounds => 
Breadth, in inches = 


span in feet 
span in feet X load 
square of depth X A " 



Fig. 48. Simple Beam. Load at Middle of Span 

Beams Supported at Both Ends and Loaded with a Uniformly Distributed 
Load over Entire Span (Fig. 49). 



Fig. 49. Simple Beam. Distributed Load over Entire Span 


Safe load, in pounds — 


Breadth, in inches — 


2 X breadth X square of depth X A * 
span in feet 

span in feet X load 
2 X square of depth X A * 


Beams Supported at Both Ends and Loaded with a Uniformly Distributed 
Load over only a Portion of the Span (Fig. 50). 
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In this case the dimensions of the beam required to carry the load can be 
accurately determined only by computing the maximum; bending moment, as 
explained in Chapter IX, and substituting the value thus found in Formula 
(13), following. If, however, the length h be very short in comparison with l, 
and near the middle, then the load may be considered as concentrated at 
the middle of the span and the breadth of the beam may be found by For¬ 
mula (6). Formula (10) is used if the load be at one side of the middle. The 
error will be on the safe side. 

Beams Supported at Both Ends and Loaded with Concentrated Load, not 
at the Middle of the Span (Fig. 51). 



Fig. 51. Simple Bearn. Concentrated Load at Any Point 


Safe load, in pounds 


Breadth, in inches 


breadth X square of depth X span X A 
4 X m X n 

4 X load X m X n 


(9) 


( 10 ) 


square of depth X span X A * 

Beams Supported at Both Ends and Loaded with P Pounds at a Distance 
in, from each End (Fig. 52). 




pi e|p 

Fig. 52. Simple Beam. Two Equal Concentrated Loads Symmetrically Placed 
Safe load, P , in pounds i breadth X square of depth X A * 


at each point 
Breadth, in inches 


1 4 X m 

4 X load at one point X m 
square of depth X A * 


(ID 


( 12 ) 


Note. In the last two cases the lengths denoted by m and n should be in 
feet, as the spans are in feet. 


12. Application of Formulas for Flexural Strength of 
Wooden Beams 

Example 1 . What load, 6 ft out from the wall, will an 8 by 14-in long-leaf 
yellow pine beam, securely fastened at one end into a brick wall, sustain with 
safety? 


For values of 4, see Table IV. 
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Solution. The safe load in pounds (Formula 1) 
- 5 808 lb 


8 X 105 X 88 9 
4X6 


Example 2. It is desired to suspend two loads of 10 000 lb each, 4 ft from 
each end of an oak beam, 20 ft long. What should be the size of the beam? 


Solution, 
mula 12) 


Let the depth of the beam be assumed to be 16 in. 

_ , . 4 X 10 000 X 4 

The breadth =* ——--— = 8 in, nearly 

2do X * 7 .o 


Then (For- 


The beam, therefore, should be 10 by 16 in in cross-section. 

Beam with Several Loads. It is required, next, to determine the size of a 
beam which is supported at both ends, and which will safely support several 
concentrated loads, or a distributed load and one or more concentrated loads. 
The correct method of finding the least size of a beam that will safely support 
a combination of loads, is first to find the maximum bending moment, as ex¬ 
plained in Chapter IX, and then substitute the value thus found for the 
bending moment in the following formula: 


Breadth, in inches 


4 X maximum bending moment in ft-lb 
square of depth X A 


(13) 


A shorter and easier method is to find the equivalent distributed load for 
each concentrated load, and then find the size of a beam required to support 
the total equivalent distributed load thus found. The equivalent distributed 
loads for concentrated loads applied at different proportions of the span from 
either end, may be obtained by multiplying the concentrated loads by the 
following factors: 


Table V. Factors for Equivalent Distributed Loads 



Position of load 

Factor 

For a concentrated load 
For a concentrated load 
For a concentrated load 
For a concentrated load 
For a concentrated load 
For a concentrated load 
For a concentrated load 
For a concentrated loa i 
For a concentrated load 

Applied at middle span 

Applied at one-third the span 
Applied at one-fourth the span 
Applied at one-fifth the span 
Applied at one-sixth the span 
Applied at one-seventh the span 
Applied at one-eighth the span 
Applied at one-ninth the span 
Applied at one-tenth the span 

Multiply by 2 
Multiply by 1.78 
Multiply by 1.5 
Multiply by 1.28 
Multiply by 1 
Multiply by 0 98 
Multiply by % 
Multiply by 0 79 
Multiply by 0 72 


Thus, a concentrated load of 900 lb, 
applied at one-sixth the span from one 
support, will result in the same maximum 
bending moment as a distributed load of 
900 X 1 H, or 10001b. 

The above method for finding the size 
of a beam for a combination of several 
loads gives a larger beam than the cor¬ 
rect method, by Formula (13), for the 
reason that the maximum bending moment 
will not be equal to the sum of the indi¬ 
vidual bending moments. Hence, when 
there are several heavy loads to be sup¬ 
ported, it is economical to compute the maximum bending moment by the 
graphic method explained in Chapter IX. 



Fig. 52a. Girder with Three Concen¬ 
trated Loads 
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Example 3, The girder G , Fig. 52a, supports the rafters of a flat roof, and 
also three heavy beams, A t B and C, blocked up above the roof and supporting 
a large tank filled with water. The timber is to be long-leaf yellow pine. The 
weight of the roof and allowance for snow is 7 500 lb. Each of the beams 
A, B and C, impose a load on the girder, due to the weight of the tank and 
its contentSi of 3 000 lb. What should be the size of the girder? 

Solution. The roof-load may be considered to be uniformly distributed. 
The load from beam A is applied at one-third the span from one end; the 
load from B, five-twelfths the span from the other end; and the load from C, 
one-sixth the span. The fraction five-twelfths is the mean of one-half and 
one-third; hence the load from B should be multiplied by 1.89. Multiplying 
the concentrated loads by their proper factors, the equivalent distributed load 
is found to be as follows: 

Roof-load, distributed, «* 7 500 

Load from A, 3 000 X 1 78 ■» 5 340 

Load from B , 3 000 X 1 89 *= 5 670 

Load from C, 3 000 X 1 Jd* “ 3 333 

Equivalent distributed load =*21 843 lb 

Assuming 16 in as the depth of the beam, and using Formula (8), 

L , , 12X21 843 

The breadth « -—-—— =» 5.7 in 

2 X 256 X 88 9 

Assuming 14 in for the depth, 8 in is obtained for the breadth; hence, the 
girder must be 8 by 14 in, or 6 by 16 in in cross-section. 

Strut’Beams and Tie-Beams. A strut-beam is a beam that is subject 
to both a transverse and a compressive stress. A tie-beam is one that is 
subject to direct tension in addition to the transverse stress. To find the 
strength of cither, first find the size of a beam required to resist the transverse 
stress, and then the size of a timber, of the same depth as the beam, to resist 
the direct tension or compression, and add the two breadths together. 

Example 4. A spruce tie-beam, 10 ft long between joints, sustains a ceiling¬ 
load of 2 000 lb and a direct tensile stress of 40 000 lb. What should be the 
dimensions of the beam? 

Solution. As a ceiling-load is uniformly distributed, the size of the beam is 
determined by Formula (8). Assuming the depth to be 10 in 

10 X 2 000 

The breadth- 2xl00x6il ’ or 1.6 in, nearly 

The resistance of spruce to tension is 800 lb per sq in. 40 000/800 - 50 
sq in, which is equivalent to a 5 by 10-in section. It will require, therefore, 
a beam 7 by 10 in in cross-section to resist both the transverse stress 
and the direct tension. If the tie-beam be cut in any way so as to reduce the 
section, except over a support, the dimensions must be increased accordingly. 

Example 5. A strut-beam of white pine, 10 ft long, supports a distributed 
roof-load of 6 000 lb, and is also subject to a direct compression of 64 000 lb. 
What should be the size of the beam? 

Solution. Assuming 14 in for the depth, the breadth for the transverse load 
is found by Formula (8). 

10 X 6 000 
2 X 196 X 61.1 


The breadth 


2.5 in, nearly 
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It is found that a by 14-in post, 10 ft long, will safely carry the com¬ 
pressive stress, 64 000 lb. Hence it will require a 73^2 by 14-in beam to resist 
the compressive stress, and a 2% by 14-in beam to resist the transverse load. 
The beam, therefore, should be 10 by 14 in in cross-section to resist them 
both. 


13. Relative Strengths of Beams 

Relative Strengths of Rectangular Beams. From an inspection of the 
foregoing formulas it is found that the relative strengths of beams of rect¬ 
angular cross-sections, for the different cases, is as shown in Table V-a. 

Strengths of Beams of Any Constant Cross-Section. The strength- 
ratios given in Table V-a are true for beams of any constant cross-section of 
whatever form. 

Beam on Edge. When a beam of square cross-section is supported on its 
edge, that is, when one of its diagonals is vertical, it will bear about seven- 
tenths as great a breaking-load as it will when it is supported on one side. 


Table V-a. Relative Strengths of Rectangular Beams 


Kind of load 

Position of load 

Strength ratios 

Beam supported at both ends 

Uniformly distributed 

Over entire span 

1 

Concentrated 

At middle of span 

J’i 

Concentrated 

At one-third the span 

Ms 

Concentrated 

At one-fourth the span 

H 

Concentrated 

At one-fifth the span 

% 

Concentrated 

At one-sixth the span 

Mo 

Concentrated 

At one-seventh the span 

4 W s 

Concentrated 

At one-eighth the span 


Concentrated 

At one-ninth the span 

8 Hi 

Concentrated 

At one-tenth the span 

*m 8 

Beam fixed at one end, or cantilever beams 

Uniformly distributed 

Over entire span 

H 

Concentrated 

At the free end 

H 

Beam supported at one end and fixed at the other end 

Uniformly distributed 

Over entire span 

l 

Concentrated 

Near the middle of span 

l ho 

Beam fixed at both ends 

Uniformly distributed 

Over entire span 

US 

Concentrated 

At middle of span 

1 


The Strongest Beam Cut from a Cylindrical Log is one in which the breadth 
is to the depth as 5 is to 7, very nearly, and the dimensions of such a beam 
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can be found graphically, as shown in Fig. 53. Any diagonal, as ob, is drawn 
and divided into three equal parts by the points c and 
d; from these points lines perpendicular to ab are 
drawn, and the points e and / connected with a and b, 
as shown. 

Cylindrical Beams. A cylindrical beam is only 
ten-seventeenths as strong as a beam with a square 
cross-section, the side of the square being equal to the 
diameter of the circular section of the cylindrical 
beam. Hence, to lind the safe load for a cylindrical 
beam, first find the proper load for the corresponding 
square-section beam, and divide this load by 1.7. 

The Bearing of the Ends of a Beam on a wall 
beyond a certain distance does not strengthen the beam. In general, a oeara 
should have a bearing of 4 in, or if it is very long, 6 in. 

The Weight of the Beam Itself. The formulas given for the strength of 
beams do not take into account the weight of the beams themselves, and 
hence the safe loads of the formulas include both the external loads and the 
weights of the material in the beams. In small wooden beams, the weight of 
each beam is generally so small, compared with the external load, that it need 
not be taken into account. But for larger wooden beams ihe weight of the 
beam should be subtracted from the safe load if the load be distributed; 
and if the load be applied at the middle, one-half the weight of the beam 
should be subtracted. 

The Weight of Timber. The weight per cubic foot for different kinds of 
timber may be found in the table in Part III, giving the Weights of Various 
Substances. 

14. Tables for Strength and Stiffness of Wooden Beams 

Tables VII to XX Give the Strength and Stiffness of Wooden Beams for 

beams one inch in breadth. To find the strength for any other breadth, 
multiply the proper tabular value by the breadth of the beam in inches. To 
obtain the required breadth for any load, divide the given load in pounds 
by the proper tabular value. The building laws of some cities specify differ¬ 
ent values of S for the various woods. The values here given follow the 
recommendations of the Forest Products Laboratory of the Department of 
Agriculture. In heading the tables, prominence has been given to the values 
used for S, and the corresponding values of A , so that those who prefer to 
use for any wood a value different from that recommended, need only to look 
up the table based on the value they desire to employ. For certain cases and 
in some cities, the building laws specify 1 500 pounds as the value of S, 
hence Table XVII, based on this value, is added. 

Since timber is weak in horizontal shear compared with its strength in 
tension and compression, the safe load a beam of short span can carry is 
governed, not by its resistance to cross-breaking, but by its resistance to 
shearing along the neutral surface. Wooden beams and joists, therefore* 
should be dimensioned to withstand safely this shearing action. The ratio of 
the shearing to the flexur\t. strength is not exactly the same for different 
kinds of wood, but for practical use and in the tables it has been assumed to 
be one-twelfth of the working unit fiber-stress. As it can be shown that 
the ratio of the span to the depth of a rectangular beam, uniformly loaded, 
is directly proportional to its cross-breaking stress and shearing working 
stress, the tabular loads are figured for the permissible unit fiber-stress, 



Fig. 53. Strongest Beam 
of Rectangular Section 
Cut from Log 
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where the length of the span is twelve or more times the depth of the beam; 
while for shorter lengths the tabular loads are governed by the shear. To 
determine the safe load on beams for a deflection not exceeding of the 
span, tabular values have been placed directly underneath the safe loads for 
strength. These values are based on the modulus of elasticity, E , given in 
the tables. 

The formula for flexure used in determining the safe uniformly distrib¬ 
uted loads in the tables is 

_ 57 _ Sbjf* _ Wl 
c 6 8 


Hence W - 

The formula for shear is JV - 
The formula for deflection is 


4 bd*S 
31 9 
4 bdS a 
3 


in which l is the span in inches 


or -S f 


3 W 

4 bd 


W — T~r ~ r ~Tl in which l is the span in feet; 

8 100 1 * H ' 

M — maximum bending moment in inch-pounds; 

I — moment of inertia of the cross-section of the beam in biquadratic 
inches; 

c — d/2 — one-half the depth of the beam in inches; 

SI/c -* resisting moment of the cross-section in inch-pounds; 

W — total safe load in pounds, uniformly distributed; 

b - breadth of the beam in inches; 

d - depth of the beam in inches; 

/ — span, in feet or inches, as noted for the different formulas; 

S — unit flexural fiber-stress in pounds per square inch; 

S§ — 5/12 «- horizontal unit shearing-stress, in pounds per square inch, along 
the neutral surface; 

E «• modulus of elasticity in pounds per square inch. 

Example 6. What is the safe, uniformly distributed load, corresponding to 
a fiber-stress of 1 500 lb per sq in, for an 8 by 14-in beam supported at both 
ends, and having a 24-ft clear span? 

Solution. From Table XVII, the load for a 1-in thickness is 1 362 lb. 
Hence, 1 362 X 8 — 10 896 lb, the total load for the beam. If the deflection 
of this beam should not be more than 3^60 of the span, the safe load for 1-in 
thickness should not exceed 882 lb. Hence, 882 x 8 ■ 7 056 lb, is the maxi¬ 
mum load to be used in this case. It is assumed that 1 500 lb per sq in is 
allowed for 5. 


Example 7. What should be the size of a common grade Norway-pine 
beam required to carry a distributed load of 6 400 lb over a clear span of 18 ft? 

Solution. From Table X, it is found that a beam 12 in deep and 1 in thick 
and with an 18-ft span, will support 711 lb. Dividing the load, 6 400 lb, by 
711, the result is 9 for the breadth of the beam in inches. Hence the beam 
should be 9 by 12 in, to carry a distributed load of 6 400 lb over a span of 18 ft. 
As the deflection-load is more than 711 lb for an 18-ft span, the beam is safe 
for deflection. 


Different Positions of Loads. To find the safe load, concentrated at the 
middle of the span of a given beam, find the safe distributed load, as in 
Example 6, and divide this load by 2. To find the safe load concentrated at 
some point other than the middle of the span, find the safe distributed load 
for the given span, and divide this load by the proper factor taken from Table 
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V. To find the size of a beam to support a given concentrated load, multiply 
the given load by the factor corresponding to the position of the load, as given 
in Table V, and then proceed as in Example 7. 

Use of Formulas. If in doubt as to the application of the tables, in special 
cases, use one of the formulas, from (1) to (13), applying to the case. 

Nominal and Actual Sizes of Beams. The tables may be used for beams 
the dimensions of which are less than the nominal dimensions. Dressed 
beams, and, in many localities, floor-joists carried in stock, are more or less 
scant of the nominal dimensions, and for such beams and joists a reduction in 
the safe load must be made to correspond with the reduction in size. The 
dressed sizes are generally in scant, up to 4 in in breadth, above which 
they are in scant; while in depth they are all generally in less than the 
nominal size. The safe loads may be obtained by multiplying the safe loads 
for the corresponding nominal sizes, as given in Tables VII to XX, by the 
factors given in the following tabic. 

Example 8* What is the safe 
load for a 2% by 13^-in com¬ 
mon grade spruce beam, with 
an 18-ft span? 

Solution. From Table X, the 
safe load for a 1 by 14-in beam 
is 968 lb. Multiplying this by 
2 56, we have 2 478 lb as the 
safe distributed load for a beam 
2% by 1 ZYl in in cross-section. 

For a full 3 by 14-in cross-scction, 
the safe load would be 2 904 lb. 

Use of Tables VII to XX. The 
safe loads given in Tables VII to 
XX are correct for the fiber- 
stresses indicated; but for greater convenience in using the tables, each 
figure in the units-place of each value may be made a cipher, and each figure 
in the tens-place may be increased by one when the unit-figure is six Of 
greater. Thus, 505 would be 500, 506 would be 510, etc. 

Loads above zigzag lines in tables are calculated for horizontal shear. 
Where two loads are given, the upper is calculated for strength, the lower 
for deflection not to exceed ^60 the span. 

These values for the various woods are based upon the allowable unit 
stresses recommended by the Forest Products Laboratory and given in 
Table I, for commercially seasoned timber of standard grades in dry locations. 

Important Notes on Stresses and Loads for Wooden Beams. In compiling 
and using the tables of safe loads for wooden beams, the following important 
considerations must be kept in mind; 

(1) Unseasoned timber is very much weaker than commercially dry timber, 
that is, timber containing from 10 to 15% of moisture. 

(2) Timber containing large or loose knots is much weakened. 

(3) When impact has to be considered, the stresses should be reduced. 

(4) For continuous, heavy loading, relatively low stresses should be used. 

(5) Commercial dimensions are smaller than nominal dimensions. 

(6) Timbers deteriorate and the factors of safety for strength grow smaller 
with time. 

(7) The modulus of elasticity, £» for unseasoned timber, should be reduced 
50% from its value given for thoroughly seasoned timber. 


Table VI. Conversion Factors for 
Actual Sizes of Wooden Beams 


Cross-sec¬ 
tions of 
beams in 
inches 

Factors 

Cross-sec¬ 
tions of 
beams in 
inches 

Factors 

miflOONr'aO' 

xxxxxxxx 

sr****:!**^ 

1 47 
2.31 

1 51 
2.51 
1.54 

2 42 
1.58 

2 48 

XXXXXXXX 

1.61 

2.53 

1.63 

2.56 

1.65 

2.58 

1.65 

2.60 
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Table VD1. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams for Common Western Soft Pine and Red Cedar 
Maximum fiber-stress, S - 700 lb per sq in. E « 1 000 000 lb per sq in. A « 39 


Span 
in feet 

The first horizontal line gives the depth of the beam in inches 

The loads are for beams one inch wide and supported at both ends 








wBM 

8 

10 

12 

14 

16 

18 


6 


622 

777 

933 


■ma 

1 400 

7 

400 

622 

777 

933 

1 089 

■ 

1 400 

8 

350 

622 

777 

933 

1 089 

1 244 

1 400 

9 

311 

552 

777 

933 

1 089 

1 244 

1 400 

10 

j 2801 

\ 267 / 

497 

777 

933 

1 089 

1 244 

1 400 

11 

{ 

453 

707 

933 

1 089 

1 244 

1 400 

12 

{?K} 


648 

933 

1 089 

1 244 

1 400 

13 

f 216 

\ 158 

3831 

374/ 

598 

861 

1 089 

1 244 

1 400 

14 

r 200 
\ 136 

3561 

323/ 

556 

800 

1 089 

1 244 

1 400 

15 

f 187 
\ 119 

3321 
281 / 

518 

747 

1 016 

1 244 

1 400 


( 175 

311 


700 

952 

1 244 

1 400 

16 

{ 104 

247 

mm 



r 293 



897 



17 


{ 219 

mm 

660 

1 172 

1 400 



r 276 

4331 


847 

1 107 


18 


{ 195 

381/ 

623 

1 400 



r 262 

410 1 





19 


{ 175 

342 / 

590 

802 

1 048 

1 326 




r 389 


762 

996 

1 260 

20 



{ 308 

534/ 




r 370 

534 1 



1 200 

21 



{ 280 

484/ 

726 

948 




f 354 

509 1 


906 


22 



{ 255 

441 / 

692 

1 144 




r 338 

487 

6621 

866 

1 096 

23 



{ 234 

403 

641 } 





468 

635 1 

830 

1 050 

24 



{ 215 

371 

588/ 





f 448 

6101 

796 

1 008 

25 




{ 342 

542/ 





r 430 

586 

7661 

970 

26 




\ 316 

502 

mm 

27 




/ 415 

565 

7381 

934 




\ 293 

465 

695/ 

28 




/ 400 

544 

7111 

900 




\ 272 

432 

646/ 

29 





/ 526 

687 

8681 





\ 403 


856/ 

30 





/ 508 

664 

8401 





\ 377 

562 

800/ 
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Table IX. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams for Select Grade White Cedar 
Maximum fiber-stress, 5 — 7S0 lb per sq in. E — 800 000 lb per sq In. A —■ 41.7 
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Table X. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams for Common Grades, Eastern Hemlock, Spruce 
and Norway Pine 

Fiber-stress, S — 800 lb per sq in. E — 1 000 000 lb per sq in. 4 — 44 

For spruce use deflection loads in Table XIII. 


The first horizontal line gives the depth of the beam in inches 




{ Si} 

r 267 
t 185 
f 246 
1 158 

r 229 
\ 136 

/ 214 

\ 119 

( 200 
i 104 




1 

066 

1 

066 

1 

066 

1 

066 

1 

066 


1 

244 

1 

244 

1 

244 

1 

244 

1 

244 

1 

244 

1 

244 



1 

422 

1 

422 

1 

422 

1 

422 

1 

422 

1 

422 

1 

422 

1 

422 

1 

422 





339 


264 


198 


138 


084 


035 


990 \ 


955 / 


949 i 


876/ 


911 


809 


876 


750 


843 


695 


813 


646 


785 


602 


759 


562 


S 18 


600 


600 


600 


600 


600 


600 


600 


600 


600 


600 


600 


600 


600 
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Table XI. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams for Select Grade Red Cedar and Western Soft Pine 

Fiber stress, 5 = 900 lb per sq in, E *■ 1 000 000 lb per sq In. A 50 
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Table XII. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams for Common Grade West Coast Hemlock and 
Southern Cypress; Structural Grade Redwood 

Fiber>8tress, S - 1 000 lb per sq in. E =» 1 200 000 lb per sq in. A — 55.6 


For west coast hemlock use deflection loads in Table XV. 
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Table XHI. Safe Distributed Loads in Pounds *or Rectangular 
Wooden Beams for Select Grade Eastern Hemlock, Spruce and 
Norway Pine; Common Grade Oak 

Fiber-stress, S - 1 100 lb per sq in. E — 1 200 000 lb per sq in. A — 61.1 
For eastern hemlock, use deflection loads m Table X. 

For oak, use deflection loads in Table XVI. 


The first horizontal line gives the depth or the beam in inches 
The loads are for beams one inch wide and supported at both ends 
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Table XIV. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams for Select Grade Redwood, Common Grade 
Douglas Fir and Southern Yellow Pine 

Maximum fiber-stress, 5 — 1 200 lb per sq ia. 5 — 1 600 000 lb per sq in. 

A - 66.7 

For redwood, use deflection loads in Table XII. 


Span 
in feet 


6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 


The first 
The loads 


horizontal line gives the depth of the beam in inches 
are for beams one inch wide and supported at both ends 


6 

8 

10 

12 

14 

16 

18 

800 

1 067 

wEm 

1 600 



2 400 

686 

1 067 

RSI 

1 600 

■ 

m 

2 400 


1 067 

1 3 33 

1 600 

9 

2 133 

2 400 

i 533 i 
\ 527) 

949 

1 333 

1 600 

1 867 

2 133 

2 400 

{ 

854 

1 333 

1 600 

1 867 

2 133 

2 400 

{ til} 

776 

1 212 

1 600 

1 867 

2 133 

2 400 

i 400 

711 ) 






{ 296 

702 } 

1 111 

1 600 

1 867 

2 133 

2 400 

i 369 

656 ) 






{ 252 

599) 

1 026 

1 477 

1 867 

2 113 

2 400 

i 343 
( 217 

610 1 
523 ) 

953 

1 371 

l 867 

2 133 

2 400 

( 320 

569 

890 ) 


1 741 

2 133 

2 400 

{ 190 

449 

877 } 

1 280 

( 300 

533 

834 ) 





( 166 

396 

771 } 

1 200 

1 633 

2 133 

2 400 


r 502 

785 1 






{ 350 

683 J 

1 130 

1 537 

2 009 

2 400 



741 

1 067 1 

1 452 

1 898 

2 400 


{ 312 

609 

1 053 ) 




1 010 I 

1 375 

1 795 

2 274 


{ 280 


945 ) 


( 426 


960 

1 306 l 

1 708 

2 160 


( 252 


853 





914 

1 245 l 

1 626 

2 057 



\ 447 

774 




( 606 

872 

1 188 l 

1 552 

1 968 



[ 408 

705 

1 199) 



f 579 

835 

1 136 1 

1 484 

1 878 



{ 373 

645 

1 024) 



( 556 

800 

1 090 

1 423 1 

1 800 



( 342 

592 

941 

1 404 ) 




( 768 

1 045 

1 366 1 

1 728 




1 546 

867 

1 294) 




( 738 

1 006 

1 313 1 

1 662 




{ 505 

801 

1 197 ) 




( 711 

969 

1 265 

1 6001 



* ' 

( 468 

743 

HilivB 

1 580) 




l 686 

933 

1 218 

1 5431 




\ 435 

691 


1 469) 





( 902 

1 178 

1 4891 

' 




\ 644 

962 

l 369) 





f 871 

1 138 

l 4401 

# 1 




\ 602 

898 

1 279J 


30 
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Table XV. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams for Select Grade West Coast Hemlock 
and Southern Cypress 

Fiber-stress, 5 - 1 300 lb per sq in. E ** 1 400 000 lb per sq in. A «- 72.2 

For cypress, use deflection loads in Table XII. 


The first horizontal line gives the depth of the beam m inches 
Span The loads are for beams one inch wide and supported at both ends 

in feet 6 I 8 I 10 1 12 1 14 | 16 | 18 
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Table XVI. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams for Select Grade Oak 

Fiber-stress, S — 1 400 lb per sq in. E — 1 500 000 lb per sq in. A — 77.8 



The first horizontal line gives the depth of the beam in inches 

Span 

The loads are for beams one inch wide and supported at both ends 

in feet 








BS 


10 


14 

16 

18 


6 

39 


nn 


2 177 


2 800 

7 

800 


ms 

1 866 

2 177 


2 800 

8 

i 7001 
\ 625} 


1555 

1 866 

2 177 

2 488 

2 800 

9 

f 622 1 

\ 495} 

1 106 

1555 

1 866 

2 177 

2 488 

2 800 

10 

i 560 
\ 400 

996 | 
948) 

1555 

1 866 

2 177 

2 488 

2 800 

11 

f 509 
{ 332 

905 ) 
783 } 

1 414 

1 866 

2 177 

2 488 

2 800 

12 

( 467 

[ 278 

840 1 
658 ) 

1 297 

1 866 

2 177 

2 488 

2 800 

13 

( 430 

{ 247 

766 1 
561 ) 

1 197 

1 723 

2 177 

2 488 

2 800 

14 

( 400 

( 204 

W*m 

l 111 

1 600 

2 177 

2 488 

2 800 

15 



1 037 

1 493 ) 

2 033 

2 488 

2 800 

{ 179 

422 

■ 1 

1 422 } 



622 

im 9 

1 400 1 

1 906 

2 488 

2 800 

16 

{ 156 

371 

KZl 

1 250 ) 

17 


( 586 

915 

l 318 

1 800 | 

2 343 

2 800 


{ 329 

642 

1 108 

l 757 ) 




864 

1 244 

1 694 | 

2 213 

2 800 

18 


{ 293 

572 

990 

1 568 } 

19 


r 524 

820 

1 180 

1 605 1 

2 096 

2 653 


{ 263 

513 

886 

1 410} 

; 

20 


t 498 


1 120 

1 525 [ 

1 991 

2 520 


{ 217 

■ 1 


t 272 } 

21 





1 452 

1 896 | 

2 400 



!■ 9 


1 154 

1 719 ) 

22 



i 707 

1 018 

1 386 

1 810 

2 291 1 



{ 383 

662 

1 051 

1 560 

2 231 ) 

23 



( 676 

974 


1 731 

2 191 > 


* 

( 351 

605 

962 

1 435 

2 041 ) 

24 



i 648 

933 

1 271 

1 659 

2 100 \ 



{ 322 

557 

882 

1 318 

1 875} 

25 




( 896 

1 220 

1 593 

2 016 > 




{ 513 

813 

1 215 

1 727) 

26 




i 861 

1 173 

1 532 

1 9391 




( 473 

753 

1 125 

1 596) 

27 




( 830 


1 475 

1 8671 




{ 440 

698 

1 043 

1 480 ) 

28 




i 800 

1 090 

1 422 

1 8001 




[ 410 

648 

970 

1 377} 

29 





t 1 050 

1 373 

1 7381 





{ 605 

903 

1 284) 

30 





( 1 017 

1 327 

1 6801 





{ 566 

843 

1 200) 
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Table XVII. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams 

Maximum fiber-stress, S « 1 500 lb per sq in. A - 83.3 


Span 
in feet 

The first horizontal line gives the depth of the beam in inches 
The loads are for beams one inch wide and supported at both ends 

6 

8 

10 

12 

14 

16 

18 

6 

t 000 

1 333 

1 667 


2 333 

2 667 

mm 

7 

857 

1 333 

1 667 


2 333 

2 667 

BESS 

8 

750 

1 333 

1 667 

2 000 

2 333 

2 667 

3 000 

9 

667 

1 185 

1 667 

2 000 

2 333 

2 667 

3 000 

10 

600 

1 067 

1 667 

2 000 

2 333 

2 667 

3 000 

11 

548 


1 515 

2 000 

2 333 

2 667 

3 000 

12 

500 

890 

1 390 

2 000 

2 333 

2 667 

3 000 

13 

462 

820 

1 282 

1 846 

2 333 

2 667 

3 000 

14 

428 

764 

1 190 

1 714 

2 333 

2 667 

3 000 

15 


712 

1 112 

1 600 

2 178 

2 667 

3 000 

16 


667 

1 042 

1 500 

2 042 

2 667 

3 000 

17 



982 

1 412 


2 510 

3 000 

18 



926 

1 334 


2 370 

3 000 

19 



878 

1 264 

1 720 

2 246 

2 842 

20 




1 200 

1 632 

2 133 

2 700 

21 




1 144 

1 556 

2 032 

2 571 

22 




1 094 

1 484 

1 940 

2 455 

23 




1 044 

1 420 

1 856 

2 348 

24 




1 000 

1 362 

1 780 

2 250 

25 




960 

1 306 

1 708 

2 160 

26 




926 

1 256 

1 642 

2 076 

27 




888 

1 210 

1 582 

2 000 

28 




856 

1 166 

1 524 

1 930 

29 



.... 


1 126 

1 472 

i 1 862 

30 





1 088 

1 422 

1 800 


Loads above the heavy, black zigzag lines are calculated for resistance to horizontal 
shear. 
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Table XVDI. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams for Structural Grade Douglas Fir and 
Southern Yellow Pine 

Fiber-stress, 5- 1 600 lb per sq in. E - 1 600 000 lb per sq In. A 88.9 


Span 
in feet 


6 

7 

8 
9 

10 

It 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 


The first horizontal line gives the depth of the beam in inches 
The loads are for beams one inch wide and supported at both ends 


6 

8 

10 

12 

1 067 

1 422 

1 778 

2 133 

f 914) 

| 870/ 

1 422 

1 778 

2 133 

( 800 ) 

{ 666/ 

1 422 

1 778 

2 133 

f 711 

) 527 

1 265 l 

1 248/ 

1 778 

2 133 

/ 640 

) 426 

1 138) 
1011/ 

1 778 

2 133 

f 582 
{ 352 

1 034 ) 
825 / 

1 616 

2 133 

( 534 

948 

1 482 ) 

2 133 

| 296 

702 

1 371 / 

i 492 

875 

1 368 ) 

1 970 

) 252 

599 

1 168/ 

( 457 

813 

1 270 

1 830) 

\ 217 

523 

1 007 

1 741 / 

( 426 

759 

1 185 

1 707 ) 

) 190 

449 

877 

1 517/ 

i 400 

711 

1 111 

1 600 

( 166 

396 

771 

1 333 


( 669 

1 046 

1 506 


\ 350 

683 

1 181 


i 632 

988 

1 422 


) 312 

609 

1 053 


( 600 

936 

1 348 


) 280 

547 

945 


( 569 

889 

1 280 


) 252 

493 

853 



f 847 

1 220 



) 447 

774 



j 808 

1 163 



\ 408 

705 



( 773 

1 113 



\ 373 

645 



/ 741 

1 066 



\ 342 

592 
/ 1 024 
\ 546 




( 985 

) 505 




/ 950 

) 468 

( 914 

( 435 





14 


2 489 
2 489 
2 489 
2 489 
2 489 
2 489 
2 489 
2 489 
2 489 


2 323 

2 178 | 
2 117 / 
2 050 | 
1 832 } 
1 936 
1 672 
1 834 
1 536 
1 743 
1 355 
1 660 
1 229 
1 584 
1 119 
1 515 
1 024 
1 452 
941 
1 394 
867 
1 340 
801 
1 291 
743 
1 244 
601 
f 1 200 
t 644 
f 1 162 
[ 602 


16 


2 844 
2 844 
2 844 
2 844 
2 844 
2 844 
2 844 
2 844 
2 844 
2 844 
2 844 


2 677 

2 527 ) 
2 497 { 
2 3961 
2 207 / 
2 276 
2 022 
2 168 

1 831 

2 069 
1 671 
1 979 
1 531 
1 897 
1 404 
1 821 
1 294 
1 751 
1 197 
1 682 
1 109 
1 625 
1 032 
1 570 

962 


18 

3 

200 

3 

200 

3 

200 

3 

200 

3 

200 

3 

200 

3 

200 

3 

200 

3 

200 

3 

200 

3 

200 

3 

200 

3 

200 

3 

032 

2 

880 \ 

2 

8801 

2 

7431 

2 

612) 

2 

618) 

2 

380) 

2 

505) 

2 

177) 

2 

400) 

2 

ooo) 

2 

304) 

1 

843) 

2 

216) 

1 

763) 

2 

134) 

1 

580) 

2 

057) 

1 

469) 

1 

987) 

1 

369) 

1 

920) 

1 

270/ 


30 


1 517 
838 
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Table XIX. Safe Distributed Loads in Pounds for Rectangular 
Wood Beams for Prime Grade Redwood 

Fiber-stress, 5 — 1 700 lb per sq in. E *=» 2 200 000 lb per sq in. A — 94.4 

For strength of beams 5 in and over in width use Table XVII 
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Table XX. Safe Distributed Loads in Pounds for Rectangular 
Wooden Beams for Dense Structural Grade Douglas Fir 
and Dense Heart Southern Yellow Pine 
Fiber-stress, S — 1 800 lb per sq in. E - 1 600 000 lb per sq in. A *=• 100 




































Wood Framing 


776 


[Chap. 20 


15. Maximum Spans for Floor-Joists and Batters Uni¬ 
formly Loaded 

Tables XXI to XXXVI * give the minimum sizes of floor-joists allowable 
for various spans with live loads varying from 40 lb to 160 lb per sq ft. Tables 
XXXVI to XLIV * give the minimum sizes for rafters and roof-joists allow¬ 
able for various spans and with live loads varying from 15 lb to 50 lb per sq ft. 

In all these tables the weights of the member itself and of the flooring, the 
plastered ceiling or the roofing have been included in determining the allow¬ 
able size of the joist or rafter. Such structural weights are known as dead 
loads. 

Knowing the live load in pounds per square foot which is to be supported, 
the span and the species and grade of lumber to be used, and having ascer¬ 
tained the allowable working stress for that species and grade by reference 
either to the local building code or to Table I, it is easy to determine the size 
and spacing of the joists by turning to the table for that particular live load. 
Reading across from the given span under the column headed by the allowable 
working stress, the size and spacing of the joists will be found 

In cases where the deflection of the joist is to be limited to 1/360 of the span 
the allowable modulus of elasticity in pounds per square inch for the species 
of timber used must be determined from the local building code or from 
Table I. The allowable size of joist will then be found by reading across 
from the given span under the column headed by the required modulus of 
elasticity. 

For live loads of 80 lb and over per square foot, two tables are given for 
each live load, one for safe joist size as determined by bending and the other 
as determined by horizontal shear. Both tables should be consulted and the 
larger joist selected. Where deflection is a consideration the sizes as required 
by bending, shear and deflection should be checked and the largest of the 
three selected. 

The dead loads used in these tables are as follows: 

For joists 

Plaster . 

Finished floor. 

Rough floor. . . 

Weight of joist 

For rafters 

Wood roof sheathing.2.5 lb per sq ft 

Group I—Assumed as 2.5 lb per sq ft, including 

Shingles. 2.5 lb per sq ft 

Copper sheets. 1.5 lb per sq ft 

Copper tile. 1.75 lb per sq ft 

Three-ply ready roofing. 1.00 lb per sq ft 

Group II—Assumed as 8 lb per sq ft 

Five-ply felt and gravel. 7 lb per sq ft 

Slate Jfe in. 7lb per sq ft 

Roman tile—new style—1 part... 8 lb per sq ft 
Spanish tile—new style—1 part... 8 lb per sq ft 
Ludowici tile. 8 lb per sq ft 

* These tables were prepared by Mr. Richard G. Kimbell for the National Lumber 
Manufacturers’ Association and are reprinted here with the permission of the Asso¬ 
ciation . 


10 lb per sq ft 
2.5 lb per sq ft 
2.5 lb per sq ft 

Based on assumed average of 
40 lb per cu ft 
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When limited by deflection— Dead load—Weight of joist. 

Maximum allowable deflection of 1/360 of span length. Weight of lath and plaster ceiling (10 pounds per square foot) 

Modulus of elasticity as noted for E. _ Double thickness of flooring (5 pounds per square foot) 

When determined by bending strength of the piece— Live load—30 pounds per square foot of floor area with plastered ceiling, oi 

Allowable stress in extreme fiber in bending as noted for/. 40 pounds per square foot with ceiling unplastered. 
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Table XXIV. Floor-Joist Spans (60-Pound Load) 

Maximum Spans for Floor-Joists—Uniformly Loaded 
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Table XXVII (Continued). Floor-Joist Spans (80-Pound Load) 

Maximum Spans for Floor-Joists—Uniformly Loaded 

Live load 80 pounds per square foot with plastered ceiling. Live load 90 pounds per square foot with unplastered ceiling 
j F — ‘ Maximum allowable lengths between supports (clear span) 
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:: The lengths are based on: ^ Dead load—Weight of joist. 

Allowable horizontal shear stress as noted for S. Weight of lath and plaster ceiling (10 pounds per square foot). 

Double thickness of flooring (5 pounds per square foot). 

Live load—90 pounds per square foot of floor area with plastered ceiling, or 
100 pounds per square foot with ceiling unplastered. 
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When limited by deflection—. Dead load—Weight of joist. 

Maximum allowable deflection of 1/360 of span length. Weight of lath and plaster ceiling (10 pounds per square foot). 

Modulus of elasticity as noted for E. . . Double thickness of flooring (5 pounds per square foot). 

When determined by bending strength of the piece— Live load—100 pounds per square foot of floor area with plastered ceiling, or 

Allowable stress in extreme fiber m bending as noted for f. 110 pounds per square foot with ceiling unplastered. 
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The lengths are based on: Dead load—Weight of joist. 

Allowable horizontal shear stress as noted for 5. Weight of lath and plaster ceiling (10 pounds per square foot). 

Double thickness of flooring (5 pounds per square foot). 

Live load—100 pounds per square foot of floor area with plastered ceiling, or 
110 pounds per square foot with ceiling unplastered. 




















































» The lengths are based on: Dead load—Weight of joist. 

Allowable horizontal shear stress as noted for 5 Weight of lath and plaster ceiling (10 pounds per square foot). 

Double thickness of flooring (5 pounds per square foot). 

Live load—100 pounds per square foot of floor area with plastered ceiling, o 
110 pounds per square foot with ceiling unplastered. 
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ic lengths are based on: Dead load—Weight o ( joist. 

Allowable horizontal shear stress as noted for 5. Weight of lath and plaster ceiling (10 pounds per square foot). 

Double thickness of flooring (5 pounds per square foot). 

Live load—125 pounds per square foot of floo r area with plastered ceiling, or 
135 pounds per square foot with ceiling unplastered. 
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Table XXXIX. Rafter Spans (30-Pound Load—Group I Covering) 

Maximum Spans for Rafters—Uniformly Loaded 
Slope of 20° or more. Live load 30 pounds per square foot 







































Table XXXIX (Continued). Rafter Spans (30-Pound Load—Group I Covering) 

Maximum Spans for Rafters—Uniformly Loaded 
Slope of 20° or more. Live load 30 pounds per square foot 
“j Maximum allowable unsupported lengths from plate to ridge (without collar-beams) 
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Table XL* Rafter Spans (40-Pound Load—Group I Covering) 

Maximum Spans for Rafters—Uniformly Loaded 
Slope of 20° or more. Live load 40 pounds per square foot 
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Table XL (Continued). Rafter Spans (40-Pound Load—Group I Covering) 

Maximum Spans for Rafters—Uniformly Loaded 
Slope of 20° or more Live load 40 pounds per square foot 

Maximum allowable unsupported lengths from plate to ridge (without collai 
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Table XLI. Rafter and Roof-Joist Spans (20-Pound Load—Group II Covering) 

Maximum Spans for Rafters and Roof-Joists—Uniformly Loaded 
Any slope. Live load 20 pounds per square foot 
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Table XLH (Continued). Rafter and Roof-Joist Spans (30-Pound Load—Group n Cov ering ) 

Maximum Spans for Rafters and Roof-Joists—Uniformly Loaded 
Any slope. Live load 30 pounds per square foot 
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16. Determination of Size and Spacing of Wood Joists 
and Rafters 

In general, the loadings on floor-joists, beams, rafters and girders in light 
wood construction may be reduced to the four following cases: 

(1) Simple uniformly distributed floor or roof load 

(2) Uniformly distributed floor or roof-load plus a concentrated load 

(3) Header and trimmer-beams 

(4) Girders. 

Dead and Live Loads. In all cases the weights or loads must first be 
determined. These consist of the Dead Loads and the Live Loads. By 
Dead Load is meant the weight of the construction coming upon the beams, 
such as the weight of the flooring or roofing, the weight of the ceiling and the 
weights of partitions or of other floor-beams supported by the beam in ques¬ 
tion By Live Load is meant the weight of the furniture, merchandise, 
machinery, occupants and other superimposed loads upon the floors, not 
included in the constructive features of the building. Most building laws 
fix this live load for residences at 40 lb per sq ft for finished and occupied 
floors, and at 20 lb per sq ft for unfinished attics. Table XI.VI gives the mini¬ 
mum live or superimposed loads required by various building codes and as 
recommended by the United States Department of Commerce. 

Two layers of 1 Jig-in dressed flooring weigh about 5 lb per sq ft, or 2.5 lb 
for the rough floor and 2 5 lb for the finished floor. 

A plastered ceiling weighs 10 lb per sq ft. 

A partition constructed of 2 X 4-in studs plastered on both sides weighs 
20 lb per sq ft of face. 

The weight of the beam itself must be assumed and added to the dead loads. 
Table II gives the weight per linear foot of many sizes of wood beams based 
upon an average weight of 40 lb per cu ft. Table XLV gives the weights of 
various sizes of wood joists and rafters per square foot of floor or roof-area 
supported by each member for both 12-in and 16-in spacing. 

In preparing Tables XXI to XLIV the dead load has been allowed for in 
determining the sizes and spans, so that in using these tables only the live 
load need be considered. In using Tables VII to XX for girders, however, 
the total distributed dead and live load must first be computed before entering 
the tables. 

In 1921 the Building Code Committee of the United States Department of 
Commerce was organized to study greater economy and uniformity in build¬ 
ing-code requirements. Early in the committee’s work efforts were made to 
collect data on actual superimposed loads on the floors of buildings of differ¬ 
ent types to be used in recommending standard live loads to be used in build¬ 
ing codes. Their report on minimum allowable live loads was published 
in 1925, and the following data are taken by permission from this report. 
“ It was found that live loads assumed in designing many types of buildings 
were largely matters of tradition and had scant scientific basis. The result 
was that accuracy in stress computations was defeated because of ignorance 
of the loads causing stresses. The building professions for years have busied 
themselves with tests of materials, but have given little attention to the 
complementary factor of loads. 

(1) Human Occupancy Floor Loads. “For rooms of private dwellings, 
hospital-rooms and wards, guest-rooms in hotels, lodging and tenement- 
houses and for similar occupancies, the minimum live load shall be taken as 
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40 lb per sq ft uniformly distributed, except that where floors of one and two 
family dwellings are of monolithic type or of solid or ribbed slabs the live 
load may be taken as 30 lb per sq ft.” 

The heaviest furniture loads were found to be pianos weighing up to 55 lb 
per sq ft and bookcases weighing up to 170 lb per lin ft, but in both cases 
the distribution was such as to bring the equivalent uniform load well below 
that specified above. The furniture in typical hotel guest-rooms weighed 
about 4.1 lb per sq ft for a 11 by 18-ft room. 

The loads in hospital wards averaged in several institutions from 6.9 lb 
to 9.0 lb per sq ft. 

It was considered wise, however, to fix the minimum loads at 40 lb for this 
class of building, to provide for contingencies, such as the congregation of an 
unusual number of occupants in one room. 

(2) Floor-Loads in Offices. “ For floors for office purposes and for rooms 
with fixed seats, as in churches, school class-rooms, reading-rooms, museums, 
art galleries and theaters, the minimum live load shall be taken as 50 lb per 
sq ft uniformly distributed. Provision shall be made, however, in designing 
office floors for a load of 2 000 lb placed upon any space 2j^ ft sq wherever 
this load upon an otherwise unloaded floor would produce stresses greater 
than the 50-lb distributed load.” 

Many careful tests and examinations of actual conditions in offices have 
been made, particularly by Mr. C. T. Coley in the Equitable Building, New 
York, Mr. M. W. Mclntire in the Union Central Life Insurance Company’s 
Building, Cincinnati, and by Mr. C. II. Blackall and Mr. A. C. Everett in 
four office-buildings in Boston. The heaviest loads were from filing-cabinets, 
safes and bookcases. The average loads per square foot ranged from 7 to 16 lb 
with maximum loads not exceeding 40 lb. Steel filing-cases filled with maps 
weighed 21.7 lb per cu ft, with correspondence 26.4 lb, and with cards 47 lb. 
Wood filing-cases filled with correspondence weighed 21.2 lb per cu ft, and 
filled with cards 31.8 lb. 

(3) Class-Rooms. Standard class-rooms Investigated by Mr. N. M. 
Stineman contained about 740 sq ft of floor-area and accommodate a teacher 
and 45 to 48 pupils. The total weight of furniture and inmates was about 
7 500 lb or 10 lb per sq ft. If filled with adults, as in night school, the weight 
amounted to 12.9 lb per sq ft. When crowded with 258 pupils, two in each 
seat and all aisles and open spaces filled, the resulting weight including desks 
was 41.7 lb per sq ft. Other investigators put the live load in class-rooms 
normally filled at 14 lb per sq ft and at 22 lb if the aisles are crowded. 

Even with due allowance for increased weight of adults the Committee 
believed that the minimum load limit set for schools should apply also to 
theaters and other indoor places of assembly with fixed seats. 

(4) Miscellaneous Floor-Loads. “For aisles, corridors, lobbies, public 
Spaces in hotels and public buildings, banquet rooms, assembly halls with¬ 
out fixed seats, grandstands, theater stages, gymnasiums, stairways, fire- 
escapes or exit passageways, and other spaces where crowds of people are 
likely to assemble, the minimum live load shall be taken as 100 lb per sq ft 
uniformly distributed. This requirement shall not apply, however, to such 
Spaces in private dwellings, for which the minimum live load shall be taken 
as in Paragraph 1 of this section. 

(5) Industrial and Commercial Occupancy Floor-Loads. “In designing 
floors used for industrial or commercial purposes or purposes other than pre¬ 
viously mentioned, the live load shall be assumed as the maximum caused by 
the use which the building or part of the building is to serve. The following 
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loads shall be taken as the minimum live loads permissible for the occupancies 
listed, and loads at least equal shall be assumed for uses similar in nature to 
those listed in this section. 

Minimum live load. 


Floors used for: lb per sq ft 

Storage purposes (general). 250 

Storage purposes (special) .. . 100 

Manufacturing (light) . . 75 

Printing plants. 100 

Wholesale stores (light merchandise) . 100 

Retail salesrooms (light merchandise). 75 

Stables. ... 75 

Garages 

All types of vehicles. 100 

Passenger cars only. 80 


Sidewalks—250 lb per sq ft or 8 000 lb concentrated, whichever gives 
the largest moment or shear.” 

For buildings of the above-mentioned types the Committee considered it 
more fair and economical to the builders to recommend minimum live load 
requirements which would permit design of buildings in each case for the 
purposes intended, rather than to recommend high loads to cover a broad 
general type of building, which would be safe under all circumstances. In 
this connection, however, the Committee observes that the designer must 
bear in mind that the building may be used in the future for purposes involving 
greater loads and that by employing the minimum loads for one purpose the 


Table XLV. Weight of Joists and Rafters'per Square Foot of 
Floor or Roof 


Sizes of 
joists 

Spruce, Hemlock 

Yellow pine. Oak 

Spacing in inches, 
center to center 

Spacing in inches, 
center to center 

12 

16 

12 

16 

inches 

lb 

lb 

lb 

lb 

2 X 6 

3 

2 H 

4 

3 

?X 8 

4 

3 

5’3 

4 

3 X 8 

6 

4'i 

8 

6 

2X10 

5 



5 

3X tO 

m 




2X12 

6 

4H 

8 

6 

3X12 

9 

6*1 

12 

9 

2X14 

7 


94 

7 

3X14 

10U 

8 H 

14 

ioh 
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future adaptability of the structure may be impaired. The minimum allow¬ 
able loads recommended have been derived from the study of very complete 
investigations of actual loads resulting in storage buildings, warehouses, 
manufacturing plants, wholesale and retail stores and garages. The load for 
sidewalks of 250 lb was taken in view of the possibility that coal, paving mate¬ 
rials or delivered goods might be piled upon them temporarily, which would 
approximate conditions in a general storage warehouse. 


Table XLVI. Minimum Live Loads Required by Building Codes 


Classes of buildings 

Minimum live loads per square foot of floor 

New 

York 

1927 

Phila¬ 

delphia 

1929 

Boston 

1926 

Chicago 

1928 

Den¬ 

ver 

1927 

San 

Fran¬ 

cisco 

1928 

Dept. 

of 

Com¬ 

merce 

Dwellings. 

40 

40 

50 

40 

60 

40 

40 






and 








40 



Hotels, Tenements, 

40 

40 

50 

40 

90 

40 

40 

Lodging-houses, 





and 



Hospitals 





70 



Office-buildings: 








First floor. 

100 

100 

125 

125 

120 

125 


Other floors... 

60 

60 

60 

40 

70 

40 


School Class-rooms .. 

75 

50 

50 

75 

75 

75 


Buil lings or rooms for 








public assembly: 








With fixed seats 

100 

60 


75 

90 

75 

50 

Without fixed seats 

100 

100 

100 

125 

KQI 

125 

100 

Aisles and corridors 

100 

100 

100 

12 S 

120 

125 

100 

Garages: Public 

120 

100 

150 

100 

150 

too 

100 

Private 

120 

100 

75 

100 

150 

100 

80 

Warehouses 

120 

150 

125-2*50 

125-250 

200 

125-250 

100-250 

Manufacturing: 




1 




Heavy. . 

120 

200 

250 


250 

250 

100 

Light. 

120 

120 

125 

125 

120 

125 

75 

Stores: Wholesale. . . 

120 

110 


250 

120 

125 

100 

Retail. 

120 

110 

• 

125 

125 

120 

100 

75 

Sidewalks. 

300 

120 

250 

150 

150 

150 

250 


17. Examples 
Case I 

Uniformly Distributed Load. See Diagram, Case I. The simplest case 
where all the joists are of the same span and support equal floor-areas. S «■ 
the spacing of the joists on cent'*** and L - the span. Assume the building 
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to be a residence, the span to be 18 ft and that select-grade spruce joists 
will be used. Ascertain the allowable working stresses for spruce and the 
live load per square foot for residences from the local building code, or find 
the extreme fiber-stress and modulus of elasticity from Table I, and assume 
the live load to be 40 lb per 
sq ft. In the latter case 
Table I gives 1 100 lb per sq 
in as the allowable fiber-stress 
for spruce and 1 200 (X)0 as 
the modulus of elasticity. 

Then from Table XXII for 
live load of 40 lb with plas¬ 
tered ceiling, under column 
headed by 1 100, it is found 
that for a span of 18 ft 3 in, 
spruce joists 2 in X 12 in in 
size spaced 16 in on centers 
are sufficient to withstand the bending moment. If, however, it be desired 
to limit the deflection to J^60 of the span, the column headed E ** 1 200 000 
should be entered and it is found that for a span of 18 ft 3 in, joists 2 in X 
12 in in size and 12 in on centers are required. 

If it were decided to use a stronger wood such as Southern yellow pine, 
select grade, which has an allowable fiber-stress of 1 600 lb and a modulus of 
elasticity of 1 600 000 lb, then from Table XXII it is found that 2 in X 10 in, 
16 in on centers or 3 in X 8 in, 16 in on centers, would be sufficient to with¬ 
stand bending, and 2 in X 12 in or 3 in X 10 in, both 16 in on centers, 

would be required if lim¬ 
ited by deflection. 

Case II 

Distributed Load and 
Concentrated Partition 
Load. See Diagram, Case 
II. Second-floor joists 
supporting a partition 
which in turn supports the 
attic joists. Assume that 
the second-floor joists are 
of spruce, that the attic 
joists are 2 in X 8 in, 16 in 
on centers, and that the 
width of attic floor sup¬ 
ported by the partition is 
10 ft 0 in. Assume also 
that the second floor has a 
double flooring, the attic 
a single flooring and that 
both first- and second- 
story ceilings are plastered. 

The concentrated load due to the partition is first found and transformed 
into an equivalent uniformly distributed load. From Table II it is seen that 
a 2 X 8-in joist weighs 3.4 lb a lin ft of joist, or with 16-in spacing about 3 lb 
per lin ft of partition. The ceiling weighs 10 lb per sq ft and the single flooring 
2.5 lb per sq ft. The live load in the attic will be assumed at 20 lb per sq ft. 



Case II. Section through Floors and Partitions 
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Then the weight on the partition from the attic joists will equal per square 

foot. 

2.5 lb weight of flooring 

10. lb weight of ceiling 

12 5 lb dead load 

20. lb live load 

32.5 lb total per square foot 

10 — span in feet 

325 lb 

30 lb weight of attic joists (3 X 10 ft) 

355 lb — total load per linear foot on partition 

Weight of 2 X 4-in stud partition plastered both sides - 20 lb per sq ft 
of face; 20 X 9 = 180 lb per lin ft; 180 4- 355 =* 535 lb per lin ft =» weight 
of concentrated load on each second-story joist at a point of span from 
bearing of joist. From Table V it is found that this load must be multiplied 
by the factor 1.5 to be transformed into an equivalent uniformly distributed 
802 5 

load, 535 X 1.5 * 802 5 lb or - « 54 lb per sq ft. 

The uniformly distributed live load on the second-story joists is taken at 
40 lb per sq ft. Therefore the total uniformly distributed load -on each sec¬ 
ond-story joist will be 54 + 40 = 94 lb per sq ft. 

From Table XXX it is found that 2 X 12-in or 3 X 10-in spruce joists 
12 in on centers will be sufficient to withstand the bending and that 2 X 14-in 
or 3 X 12-in joists 16 in on centers will not deflect over 1/360 of the span. 
The 2 X 12-in and the 2 X 14-in pieces are more economical unless headroom 
under the joists must be considered. 

Case m 

Header and Trimmer-Beams and Girders. See Diagram, Case III. 
Data: Height of story - 10 ft. Double floor, ceiling and partition plas¬ 
tered. Floor-joists 16 in on centers. Use structural-grade yellow-pine timber. 
Span 24 ft 0 in. Live load » 40 lb per sq ft. 

Common Joists A. From Table I we find the allowable stress in extreme 
fiber for structural yellow-pine timber to be 1 600 lb per sq in and modulus of 
elasticity 1 600 000 lb. From Table XXII for a live load of 40 lb. per sq ft and 
plastered ceiling we find under the column headed 1 600 lb fiber-stress that 
for a 24 ft span, 2 X 14-in joists 16 in on centers are required to resist the 
bending, and under the column headed E «=» 1 600 000 that 3 X 14-in jQists 
16 in on centers are required to limit the deflection to 1/360 of the span. 

Joist B. Required to support a partition as well as the floor-load but 
since the span is only 18 ft and the partition is near the bearing of the 
joist it will be safe to make these joists the same size as joist A, or 3 in X 14 
in, 16 in on centers. 

Joist C has the same floor-load as joist A and in addition the concentrated 
load of a partition at third point of span. Partition is 10 ft high, there¬ 
fore 10 ft X 1 H or 13j^ sq ft will be supported on each joist with 16 in 
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spacing. If a plastered partition weigh 20 lb per sq ft, 13.33 X 20 *» 267 lb. 
To reduce to equivalent distributed load multiply by 1.78. (See Table V.) 

267 X 1.78 « 4681b 

-jj- » 19^2 lb P er Hn ft of joist 
40 lb live load 
59j^, say 60 lb = total load 



Case III. Plan of Floor Framing showing Partitions above 

From Table XXIV it is found that 3 X 14-in joists are sufficient to limit the 
deflection but that they must be spaced 12 in on centers instead of 16 in. 
For bending, 2 x 14 in spaced 12 in on centers would be sufficient. If the 
load of the partition on each joist were refigured using a 12-in spacing instead 
of a 16-in no difference would be found in the size of joist required in this case. 

It is generally best if possible to select joists of the same depth throughout, 
varying the thickness and spacing according to the varying loads, so that the 
ceilings may all be on the same level. 
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Header H. We will use 14 in as the depth of header, the same as the 
joists, and we must find the thickness. For single beams and girders Table 
XVIII must be used and the total live and dead loads determined. Span 
■» 14 ft 0 in. 

Floor-loads per square foot 

Dead .. . . lOj'-j lb — weight of joist (Table XLV) 

5 lb — weight of floor 
10 lb — weight of ceiling 
25*1 lb 

Live. 40 

Total.65]^ lb per sq ft 

Floor area = 14 X 9 = 126 sq ft, 126 X 65Jd2 *= 8 253 lb » floor-load. 

Partition 14 ft 0 in — 1 ft 4 in = 12 ft 8 in by 10 ft 0 in =» 126.6 sq ft 
Multiplying by 20 lb, 126.6 X 20 « 2 532 lb. 

Since the partition is situated J cj of span from header, % of load will rest. 
2 532 

on the header. —— X 8 = 2 251 1b 

2 251 lb = partili >n load 
8 253 lb = floor-load 
10 504 lb = total load on header 


From Table XVIII we find that for a 14 ft 0 in span the determining stress 
is that of horizontal shear rather than bending and that a 1 by 14 in beam 
will sapport 2 489 lb of distributed load on a 14 ft 0 in span. Therefore a load 


of 10 504 lb would require a beam 


10 501 
2 489 


or 4 22 in wide. 


We will sleet a 


5 X 14 beam. 


Trimmer T. This beam has four loads: 

(1) Distributed floor-load 

(2) Distributed load from partition 

(3) One-half load from header 

(4) Small load from longitudinal partition 

The span is 24 ft 0 in. 

(1) The strip of floor is 12 in wide and 24 ft 0 in long, or 24 sq ft. 24 X 65 
- 1 572 lb. 

(2) The partition is 10 ft 0 in high by 24 ft 0 in long and has 240 sq ft of 
surface. 240 X 20 lb - 4 800 lb. 

(3) One-half load from header is —-— - 5 252 lb. This is a concen¬ 
trated load at 34 span. Multiplying by 1 5 to find equivalent distributed 
load we have 7 878 lb. 

(4) The end section about 8 in long of the longitudinal partition is sup¬ 
ported by the trimmer. 

10 X % X 20 - 133 lb, concentrated at J4 span. 

Equivalent distributed load » 133 X 1.78 *» 237 lb. 

1 572 lb floor-load 
4 800 lb partition-load 
7 878 lb header-load 
237 lb longitudinal partition-load 
14 487 lb total load 
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The trimmer should be the same depth as the joists to give an even ceiling 
underneath. From Table XVIII we find that a 1 by 14-in beam will support 
a load of 1 452 lb on a 24 ft 0 in span. Therefore a load of 14 487 lb will 
14 487 

require a beam - — - or 10 in wide. 

We therefore select a 10 X 14-in beam. 

Trimmer R. The load will be the same as foi trimmer T except for the 
cross partition. Deducting 4 800 from 14 487 we have 9 687 lb. Dividing 
by 1 452 we find a width of 7 in is required. We therefore select a 7 X 14-in 
beam. 

Girder G. The floor area supported is 12 ft 0 in X 24 ft 0 in or 288 sq ft. We 
may estimate that only 85% of the live load on the floor-joists will at any one 
time be supported by the girder. We therefore take 34 lb per sq ft instead 

of 40 lb as live load. The 3 X 14-in joists 16 in on centers framing into the 

girder will weigh 10lb per sq ft of floor and the floor and ceiling 15 lb. The 
girder itself will weigh about 40 lb per lin ft or 40 X 12 = 480 lb for the 
entire girder; 480 divided by 288 - l)^ lb «-i the weight of girder per square 
foot of floor. 

10V£ lb joists 

5 lb floor 

10 lb ceiling 

1 lb girder 

27 lb dead load 

34 lb live load 

61 lb total floor-load per square foot 

(1) Total floor-load = 288 X 61 lb = 17 568 lb 

(2) Partition-load — 12 X 10 X 20 lb = 2 400 lb 

Total load 19 968 lb 

Assuming 14 in as depth of girder we find from Table XVIII that a 1 X 14- 
in beam will support 2 489 lb on a 12 ft 0 in span. We will therefore use a 
19 968 

beam —~—— or 8 in in width and 14 in in depth. 

2 489 

Girder G 1 . (1) Floor-load = 12 X 12 = 144 sq ft; 144 X 61 lb - 8 784 lb 
floor-load on left of girder. Strip of floor 12 ft 0 in long by 40 in wide = 40 
sq ft; 40 X 61 lb = 2 240 lb floor-load on right of girder, 8 in of floor being 
included in load on T. 

This strip may be considered as concentrated at a point 20 in or sp& 
from end of girder. The factor is 0.98, which is practically the same as if this 
load were distributed over the whole span. 

(2) Trimmer-load equals distributed load on T plus (% of of 
the load on //. The actual distributed load on T was found to be 1 572 
+ 4 800 « 6 372 and one-half of this is 3 186 lb. The load from H is applied 
at a distance from G equal to span of T , therefore of the load would 
fall upon G. But only % total load on H is transmitted to trimmer T , the 
other half falling on trimmer R. Therefore, the load transmitted to girder G 
from header II will be X 10 504 or 3 939 lb. The total load from T will 
therefore be 3 186 -f 3 939 or 7 125 lb. This load is concentrated at one- 
third of span from support, therefore it must be multiplied by 1.78 to obtain 
the equivalent distributed load: 7 125 lb X 1.78 - 12 682.5 lb, equivalent 
distributed load. 

(3) Partition-load - 12 X 10 X 20 lb - 2 400 lb 
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Hie total load on girder G will be 

8 784 lb floor on left side 
2 240 lb floor on right side 
12 682 lb trimmer T 
2 400 lb partition 
26 106 

Assuming 14 in as depth of girder we find from Table XVIII that a 1 X 14- 
in beam will support 2 489 lb on a 12 ft 0 in span. We will therefore use a 

beam or 11 in wide by 14 in deep. 

2 489 

Recapitulation. All timber structural-grade Southern pine. 

Joist A . ... 3 in X 14 in — 16 in on centers 

Joist B _ . . 3 in X 14 in — 16 in on centers 

Joist C .3 in X 14 in — 12 in on centers 

Header H .. . . ... 5 in X 14 in 

Trimmer T .10 in X 14 in 

Trimmer R .7 in X 14 in 

Girder G . . . .. 8 in X 14 in 

Girder G' . .. . . 11 in X 14 in 

The sizes shown here are sufficiently large to support the given loads, but in 
practice the timbers used would be the nearest stock sizes The 5 in X 14 in, 
7 in X 14 in and 11 in X 14 in would be respectively 6 in X 14 in, 8 in X 14 in 
and 12 in X 14 in. 

The three cases of this example illustrate nearly all the computations neces¬ 
sary to figure the sizes of the joists, special beams and girders in any ordinary 
floor-construction. As will be seen, the most laborious calculations are those 
for beams receiving loads from different sources, and it will generally be 
found that the weakest portions of any particular floor are the headers, trim¬ 
mers and girders and the beams which support partitions. 

18. Timber Columns 

Table XLVII * gives the safe loads in pounds per square inch of cross- 
sectional area for timber columns of various ratio of length to least cross- 
section dimension, L/d. After finding the ratio of length to least dimension 
of a given timber column it is a simple process to determine its safe load 
by finding from the table the safe load in pounds per square inch for that 
L/d for the species and grade used, and then to multiply it by the cross- 
sectional area of the column. For short columns for which L/d does not 
exceed 11, the full working compression value of the material is used. 
This table was published by the National Lumber Manufacturers’ Associa¬ 
tion and is based upon conclusions drawn by the Forest Products Laboratory 
from its extensive series of tests on timber columns. The same data were 
utilized by the Building Code Committee of the Department of Commerce 
in its recommendations. 

To calculate the safe load on a round column it is only necessary to find 
the L/d of a square timber of the same cross-sectional area, then having ascer¬ 
tained the safe load per square inch for that L/d, multiply it by the cross- 
sectional area in square inches. The value of d (the side of an equivalent 
square) for a round column is a little more than % of its diameter. 

For tapered columns the diameter should be measured at a section the 
length from the small end. In no case should the stress at the small end of a 
tigered column exceed the allowable stress for a column with an L/d of 10 or less. 

* Reprinted by permission of the National Lumber Manufacturers’ Association. 






Table XLVQ. Working Stresses in Pounds per Square Inch for Posts 
Timbers 6 In x 6 In and Larger 

(Continuously dry) 
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ir, balsam . J Select 693 686 674 656 629 592 438 

l Common 557 553 547 538 524 505 425 

Commercial white. .. /Select 694 689 678 664 641 611 482 

1 Common 557 554 549 542 530 515 449 
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Posts and Timbers 6 In x 6 In and Larger 

(Continuously dry) 
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19. Stud Partitions 

In Tabic XLVIII is shown the strength of stud partitions of Southern 
yellow pine. In using this table the weight of plaster and ceiling should be 
added to the values given. 

Table XL VOL* Stud Partitions—Southern Yellow Pine 

Weight and strength based on actual size. Board measure based on nominal 
size. Add weight of plaster and ceiling: single plate at top and bottom included, 
same size as studs: 

Safe load based on studs being bridged at center 



* Reprinted by permission of The Southern Pine Association. 
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20. Mill Floors 

Strength of Mill Floors. The beams and girders for mill floors should be 
computed by the same general method illustrated in the foregoing examples or 
by the formulas given at the beginning of the chapter, involving the determina¬ 
tion, first, of the loads on the beams and girders and, secondly, the sizes of 
beams and girders required to support such loads. 

In designing the flooring in mills Table XLIX may be consulted for flooring 
laid flat, generally known as Mill Floors, and Table L for flooring laid 
on edge, or Laminated Floors. Fiber-stresses are given from 1 200 to 
1 800 lb per sq. in and loads from 50 to 400 lb. In both tables the spans are 
shown having a deflection of ^30 in per ft of span. These tables are taken by 
permission from the Southern Pine Manual of the Southern Pine Association. 


Table XLIX. Maximum Spans for Matched and Dressed Mill Floors 
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Table XLIX (Continued). Maximum Spans for Matched and 
Dressed Mill Floors 
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Table XLIX (Continued). Maximum Spans for Matched and 
Dressed Mill Floors 
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Table L. Maximum Spans for Laminated Floors—Flanks on 
Edge Laid Close 
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Table L (Continued). Maximum Spans for Laminated Floors 
Planks on Edge Laid Close 
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Table L (Continued). Maximum Spans for Laminated Floors— 
Planks on Edge Laid Close 


Nomi¬ 

nal 

thick¬ 

ness, 

inches 

Ac¬ 

tual 

thick¬ 

ness, 

inches 

Fiber- 

stress, 

pounds 

per 

square 

inch 

Span in feet 

Live loads in pounds per square foot 

800 

850 

900 

950 

1 000 




ft 

in 

ft 

in 

ft 

in 

ft 

in 

ft 

in 

6 

5% 


7 

10 

7 

7 

7 

5 

7 

3 

7 

l 

6 

5 H 

l 300 

8 

2 

7 

11 

7 

9 

7 

6 

7 

4 

6 

SYb 


8 

10 

8 

6 

8 

4 

8 

1 

7 

11 

6 

Vi 


9 

1 

8 

10 

8 

7 

8 

4 

8 

2 

6 

5 Ys 


9 

8 

9 

4 

9 

1 

8 

10 

8 

8 

6 

5 Y* 

Deflection 

8 

0 

7 

10 

7 

8} 2 

7 

6*i 

7 

5H 

8 

7 H 

1 200 

10 

6 

10 

2 

9 

10 

9 

7 

9 

4 

8 

7)i 

1 300 

10 

10 

10 

7 

10 

3 

MM 

0 

9 

9 

8 

7 'A 

1 500 

It 

8 

11 

4 

11 

0 

10 

9 

10 

6 

8 

7 H 

1 600 

12 

1 

11 

8 

11 

5 

' i 

1 

10 

10 

8 

m 

1 800 

12 

9 

12 

5 

12 

1 

n 

9 

11 

6 

8 

7 H 

Deflection 

10 

7*2 

m 

5 

10 

3 

10 

1 

9 

11 

10 

9'A 

1 200 

13 

2 

12 

9 

12 

5 

12 

1 

11 

ra 

10 

9'A 

1 300 

13 

8 

13 

4 

12 

11 

12 

7 

12 

4 

10 

9'A 

1 500 

14 

9 

14 

4 

13 

11 

13 

7 

13 

3 

10 

9 H 

1 600 

15 

3 

14 

0 

14 

5 

14 


13 

8 

10 

9'A 

1 800 

16 

2 

15 

8 

15 

3 

14 

10 

14 

6 

10 

9'A 

Deflection 

13 

5*2 

13 

2 . 

12 

11.4 

12 

8A 

12 

6H 

12 

il'A 

1 200 

15 

11 

15 

5 

15 

0 

14 

8 

14 

4 

12 

11 H 

1 300 

16 

6 

16 

1 

15 

8 

15 

3 

14 

Ed 

12 

n'A 

1 500 

17 

9 

17 

3 

16 

9 

16 

4 

16 

0 

12 

\\'A 

1 600 

18 

4 

17 

Ed 

17 

4 

16 

11 

16 

6 

12 

11/2 

l 800 

19 

6 

18 

11 

18 

5 

17 

11 

17 

6 

12 

U'A 

Deflection 

16 

3 

15 

11 

15 

8 

15 

4H 

15 

1H 


21. Strength of Existing Floors 

To Determine the Strength of an Existing Floor. When a building is 
leased for mercantile or manufacturing purposes the tenant will generally 
desire to know the greatest load which it will be safe to put upon the floors, 
and some building laws require that the safe load for the floors in certain classes 
of buildings shall be computed and posted in a conspicuous place in each story. 
It is therefore important that every architect should know how to compute the 
safe strength of any existing floor. The problem is practically the reverse of 
that of proportioning a floor to a given load. In speaking of the strength of a 
floor a distinction should be made between the safe strength and the safe load. 
The safe strength should mean the maximum safe load for the beams, includ¬ 
ing the weight of the construction, flooring and ceiling, while the safe load 
refers to the maximum live load which may safely be placed upon the floor. 
The safe load is found by first computing the safe strength and then sub¬ 
tracting the weight of the materials forming the floor, including the ceiling 
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below, if there be one. The most convenient measurement for either the safe 
strength or the safe load of a floor is in pounds per square foot. The fol¬ 
lowing examples will serve to show the method of determining the safe load 
for an ordinary warehouse-floor. 

Example 1 . It is required to determine the safe load per square foot for a 
floor framed as shown in Fig. 54, the building being in a city the laws of which 
allow 1 200 lb per sq in for the safe flexure fiber-stress for the wood of which 



Fig. 54. Plan of a Warehouse-floor 

the joists and girders are made. The joists are covered with two thicknesses 
of J'jg-in flooring and the ceiling below is corrugated iron. 

Solution. The first step will be to find the safe strfngth of the 22-ft joists. 
As this is a warehouse-floor we will use the tables for strength throughout. 
From Table XIV, for 5 = 1 200 lb per sq in, we find the safe strength of a 

1 by 14-in joist of 22-ft span to be 1 188 lb; hence the strength of a l l /2 hy 
14-in joist will be 1 188 X 2^ ” 2 970 lb. As the joists are 16 in on centers, 
each joist supports a floor-area of 1 % X 22 ft «■ 29}^ sq ft. The safe 
strength per square foot of this portion of the floor will therefore be 

2 970/29.3 — 101 lb. Suppose the estimated weight of the floor per square 
foot is 8 lb for the joists, 6 lb for the flooring and 1 lb for the corrugated-iron 
ceiling, or, say, 15 lb in all. Then the safe load per square foot for the 
22-ft joists will be 101 — 15 = 86 lb. 

The strength of the joists may also be investigated by the use of Tables 
XXV and XXVI. We find that for a 90-lb load and 3 X 14-in joists, 16 in 
on center, the safe span is 21 ft 7 in, and for an 80-lb load 22 ft 9 in. By 
interpolating it is found that a 22 ft 0-in span is safe for a load of 86.39 lb. 

The Headers. We will next find the safe load for the 4 by 14-in headers at 
each side of the stair-well. As the tail-beams are framed into the headers, 
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we should deduct one inch from the thickness of each header for the loss of 
strength in framing, leaving 3 by 14 in for the effective dimension of each. 
From Table XIV we find the safe strength of a 1 by 14-in beam of 12-ft 
span to be 1 867-lb. Hence the strength of the 3 by 14 will be 1 867 X 3 
** 5 601 lb. The floor-area supported by each header is 4j^ X 12 ft — 54 
sq ft; hence the safe strength of the header per square foot of floor is 
5 601/54 — 104 lb. Deducting the weight of the floor per square foot, we 
have 104 — 15 — 89 lb for the safe load. 

Trimmer A. Trimmer A (Fig. 54) supports about the same amount of 
flooring as one of the common joists,and supports, also, the ends of the headers. 
Deducting in, the thickness of the common joists, we have a 5 by 14-in 
beam left to support the headers. As the headers are supported in iron stir¬ 
rups, or beam-hangers, no deduction in strength need be made for framing. 
To find the safe strength of a beam loaded with two concentrated loads, 
equidistant from the supports, we must use Formula (11), Fig. 52. In this 
case m ~ 8 ft 10 in, or 8% ft and A - 1 200/18 = 66.7 (Table XIV). 

Applying the formula, the safe load at each joint = 5 X 14 X 14 X 66.7/4 
X 85 c = 1 848 lb. 

The floor-area supported by one stirrup is equal to one-half of the area sup¬ 
ported by the header, or 27 sq ft; hence the safe strength per square foot of 
the 5 by 14-in header is 1 848/27 = 68 lb, and deducting 15 lb per sq ft for 
the weight of the floor, we have 53 lb per sq ft as the safe load that the trimmer 
will support on the floor at each side of the stairs Considering, as found 
above, that the safe load for the 2 in, which we deducted to take the place 
of a common joist, is 86 lb per sq ft, we might consider the safe load for the 
trimmer as the average of 86 and 53, or about 70 lb per sq ft. 

Trimmer B. This 10 by 14-in timber (Fig. 54) has to support the same 
floor loads as trimmer A , and also the lower end of a flight of stairs for which 
an allowance of at least 1 800 lb should be made. This stair-load being prac¬ 
tically concentrated at the middle of the trimmer is equivalent to a distrib¬ 
uted load of 3 600 lb. As the safe load for a 1 toy 14-in joist of 22-ft span is 
1 188 lb (Table XIV), it will require a thickness of 3 600/1 188 *« 3 in to 
support the stairs, leaving 7 in to support the floor loads. As this is in less 
than the thickness of trimmer A, it is evident that the strength of the floor 
at B will be a little less than at A ; but as it is improbable that the entire 
floor-space will be loaded at any given time, it would be safe to rate the 
strength of the floor at each side of the stairway at 70 lb per sqft, live load, 
and beyond the stairway at 86 lb. 

Partitions. When the floor supports partitions, the weight of the latter and 
any load resting upon them must be taken into account in determining the 
safe load for the floor. If a partition runs the same way as the joists, then only 
the joist directly under the partition, and the joists at each side will be affected; 
but if a partition runs across the joists, then it affects the safe load of the entire 
floor. 

Example 2. Suppose that the 22-ft joists in the floor shown in Fig. 54 have 
to support a plastered partition 12 ft high, running across the joists half¬ 
way between the walls. What will be the safe load for the floor? 

Solution. A plastered partition with 2 by 4 or 2 by 6-in studs, set 16 in on 
centers, weighs about 20 lb per sq ft of partition-face; hence a partition 12 ft 
high will weigh 240 lb per lin ft of partition. As the joists are 16 in on cen¬ 
ters, each joist supports 1 M lin ft of partition, weighing 320 lb. As this load is 
concentrated at the middle span of the joists it is equivalent to a distributed 
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load of 640 lb. In the previous example we found the safe distributed load for 
the 2j^ by 14-in joists of 22-ft span to be 2 970 lb. Subtracting 640 lb from 
this we have 2 330 lb, which may be used for the floor. As the floor-area sup¬ 



ported by one joist is 29 sq ft, the safe 
strength of the floor per square foot is 
2 330/29 1 3 =» 79 lb, and the safe load is 
79 — 15 « 641b per sq ft. Hence the 
partition decreases the safe load by 
86 — 61 - 22 lb per sq. ft. Whenever 
the upper-floor joists are supported by 
a partition carried by a floor below, the 
effect of the partition and its load upon 
the strength of the lower floor should be 
very carefully computed. 

22 . Bridging and Framing 

Bridging of Floor-Joists. By bridging 
is meant a astern of bracing for floor- 
joists, either 1 y means of small struts, as 
in Fig 55, or by means of single pieces of 
boards set at right-angles to the joists 


Fig. 55. Floor-joists with Bridging and fitting in between them. The effect 


of this bracing is of decided advantage 


in sustaining any concentrated load upon a floor; but it does not ma¬ 
terially strengthen a floor to resist a uniformly distributed load. The 
bridging also stiffens the joists, and prevents them from turning sidewise. It 
is customary to insert rows of cross-bridging from 5 to 8 ft apart; and to be 
effective the rows of bridging should be in straight lines along the floor, so that 
each bridging-strut may abut 
directly opposite those ad¬ 
jacent to it The method of 
bridging shown in Fig. 55 
and known as cross-bridging 
is considered to be by far the 
best, as it allows the thrust to 
act parallel to the axis of the 
strut, and not across the 
grain, as must be the case 
where single pieces of boards 
are used. The bridging should 
be of 134 by 3-in stock, for 
2 by 10-in and smaller joists, 
and of 2 by 3-in stock for 12- 
and 14-in joists. 

Framing of Wooden Floor- 
Beams. In dwellings, tene¬ 
ments and lodging-houses it 
is frequently necessary to Fig. 56. Framing of Joists into Header 

frame the timbers so that 

they are flush with one another. The old methods of framing the tail-beams 
and headers or headers and trimmers by mortise-and-tenon joints are now 
generally superseded by hanging the timbers in stirrups or malleable-iron 
joist-hangers. In this construction the entire strength of the timbers is 
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retained, while the cost of the hangers is often less than the labor-cost in pre¬ 
paring the mortise-and-tenon joints. All headers 6 ft or more in length should 
be carried in joist-hangers or stirrups and this is usually required in the 
building codes of the large cities. In warehouses and all first-class build¬ 
ings the framing should be done by means of joist-hangers. For light floors, 
with moderate spans, it is generally safe to frame the tail-beams into a header, 
provided the latter is strong enough to carry the load and allow 1 in in 
thickness for the mortising. Headers, also, carrying not more than two tail- 
beams are often framed into the trimmers. In case the old methods of 




r~~~ 

Fig. 57. Alternate Method of Fig. 58. Framed Joist Split by Load 

Framing Joists into Header 

framing are used instead of the superior methods with joist-hangers, the best 
shape and proportions for the tenons and ends of the tail-beams or headers 
are those shown in Fig. 56. This form of framing probably offers as large a 
proportion of the strength of the timbers as it is possible to utilize, although 
for tail-beams it was the opinion of Mr. Kidder that a single tenon like that 
shown in Fig. 57 is fully as strong, especially when the header is built up of 
2-in planks spiked together. In either case, if the floor be loaded to its full 
strength, the tail-beam will split at the bottom of the tenon, as shown in 
Fig. 58, which illustrates the weakening effect of the mortise-and-tenon 
framing. 
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CHAPTER XXI 

WOODEN MILL AND WAREHOUSE-CONSTRUCTION 

By 

A. P. STRADLING 

SUPERINTENDENT OF SURVEYS, PHILADELPHIA FIRE UNDERWRITERS’ 
ASSOCIATION 

1. Mill-Construction 

Definition. The term mill-construction is commonly used to designate a 
method of construction brought about largely through the influence of the 
Boston Manufacturers’ Mutual Fire Insurance Company of Boston, Mass., 
and especially through the efforts of Mr. Wm. B. Whiting, whose judgment in 
mechanical matters, and experience and skill as a manufacturer were for many 
years devoted to the interests of insurance companies, and to the improvement 
of factories of all kinds. The extended use of this system and the improve¬ 
ments that have been made in it during recent years are probably due more to 
the influence of Mr. Edward Atkinson, President of the Boston Manufacturers’ 
Mutual Insurance Company and Director of the Insurance Engineering Exper¬ 
iment Station at Boston, than to that of any other individual. 

Cost. The purpose of mill-construction is to reduce the fire-risk to its low¬ 
est point without going to the expense of fire-proof construction. The increas¬ 
ing cost of heavy timber, however, and in fact of all lumber, together with the 
lessened cost of the erection of the so-called fire-proof types, constructed 
entirely of reinforced concrete, or built with protected steel frames and incom¬ 
bustible floors, and the recognition, also, of the obvious advantages of more 
fire-resisting construction, especially in the congested sections of cities, 
are bringing these types into more general use. The cost of these latter types 
of construction is, in many instances, no more than the cost of various types of 
mill-construction. 

The Slow-Burning or Mill-Construction Type. The experience of years 
has entirely justified the use of this type. It renders possible a somewhat less 
costly, and at the same time, what is of great importance, a more effective 
system of fire-protection than can be installed in buildings of light construc¬ 
tion, with the so-called joisted floors and with the roofs made of boards 
supported on 2-in, 3-in, or 4-in joists. The entire subject of slow-burning 
or mill-construction as applied to factories is most admirably described 
and illustrated in Report No. 5 of the Insurance Engineering Station of the 
Boston Manufacturers’ Insurance Company, No. 31 Milk Street, Boston, 
Mass., from which the author has, by permission, taken and adapted many 
o! the following illustrations and descriptions. 

2. What Mill-Construction Is * 

(1) Heavy Timbers. Mill-construction consists in so disposing the 
timbers and planks in heavy, solid masses as to expose the least number of 
comers or ignitable projections to fire; and to the end, also, that when fire 
occurs it may be most readily reached by water from sprinklers or hose. 

• From Report No. 5 of the Insurance Engineering Station of the Boston Manufac¬ 
turers’ Insurance Company, No. 31 Milk Street, Boston, Mass. 
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(2) Fire-Stops. It consists in separating every floor from every other 
floor by incombustible stops, by installing automatically closing hatchways 
and by encasing stairways either in brick or other incombustible partitions, so 
that a fire will be retarded to the utmost in passing from floor to floor consistent 
with the use of wood or any material not absolutely fire-proof. 

(3) Fire-Retardants. It consists in guarding the ceilings over all specially 
hazardous stock or processes with fire-retardant materials, such as plaster¬ 
ing laid over wire lath or expanded metal, or over wooden dovetailed lath, 
following the lines of the ceilings and of the timbers and leaving no interspaces 
between the plastering and the wood; or else in protecting the ceilings over 
hazardous places with asbestos, air-cell boards, sheet metal, Sackett Plaster 
Board, or other fire-retardant. 

(4) Fire-Safeguards. It consists not only in so constructing the mill, 
work-shop, or warehouse, that fire will pass as slowly as possible from one part 
of the building to another, but also in providing all suitable safeguards 

AGAINST FIRE. 

3. What Mill-Construction Is Not 

(1) Concealed Spaces. Mill-construction does not consist in so disposing a 
given quantity of materials that the whole interior of a building becomes a 
series of wooden cells, or concealed spaces, connected with each other 
directly or by cracks through which fire may freely pass where it cannot be 
reached by water. 

(2) Size of Timbers, Fire-Stops, etc. It does not consist of an open-timber 
construction of floors and roofs which resembles mill-construction, but which 
is built with light timber of insufficient size and with thin planks, without fire- 
stops or fire-guards from floor to floor. 

(3) Stairways. It does not consist in connecting floor with floor by com¬ 
bustible wooden stairways encased in wood less than two inches thick. 

(4) Partitions. It does not consist in putting in very numerous light, 
wooden divisions or partitions. 

(5) Sheathing and Furring. It does not consist in sheathing brick walls 
with wood, especially when the wood is set off from the walls by furring, and 
even if there are stops behind the furring. 

(6) Varnish. It does not consist in permitting the use of varnish on wood¬ 
work over which a fire will pass rapidly. 

(7) Glass, Fire-Shutters and Wire-Glass. It does not consist in leaving 
windows exposed to adjacent buildings and unguarded by fire-shutters or 
wire-glass. 

(8) Painting and Dry-Rot. It does not consist in painting, varnishing, 
filling or encasing heavy timbers and thick planks, as they are customarily 
delivered, and thus making possible what is called dry-rot, caused by a lack 
of ventilation or opportunity to season. 

(9) Sprinklers, Pumps, Pipes, Hydrants, etc. It does not consist in 
leaving even the best-constructed building in which dangerous occupations are 
followed without automatic sprinklers, and without a complete and ade¬ 
quate equipment of pumps, pipes and hydrants. 

(10) Finishing in Wood and Other Materials. It does not consist in 
using more wood in finishing a building after the floors and roof are laid than 
is absolutely necessary, since there are now many safe methods available at 
low cost for finishing walls and constructing partitions with slow-burning or 
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incombustible materials. Accordingly if plaster is to be put on a ceiling and is 
to follow the line of the underside of the flooring and the flooring-timbers, it 
should be plain limf.-mortar plaster, which is sufficiently porous to permit 
seasoning. The addition of a skim-coat of lime-putty is hazardous, especially 
if the overflooring is laid over rosin-sized or asphalt paper. This rule applies 
to almost all timber as now delivered. Examples of all of the faulty methods 
of construction above mentioned have been found in various buildings pur¬ 
porting to be of mill-construction, and they all form parts of what has some¬ 
times been called combustible construction. 

4. Standard Mill-Construction 

Example of Standard Mill-Construction. Fig. 1 shows a cross-section 
through a mill of the customary or standard type recommended by the 
Boston Manufacturers’ Mutual Insurance Company. 

Walls. If additional stories are required, the walls may be increased in 
thickness according to the number of stories added, after a computation has 
been made of the loads which a standard factory may be called upon to sus¬ 
tain. Walls should be of brick and at least 13 in thick in the upper story, and 
their thickness should be increased in the lower stories to support additional 
loads. Plastered walls are often to be preferred to unplastered walls. Win¬ 
dow-arches and door-arches should be of brick, and window-sills, outside 
door-sills and under-pinning of granite or concrete. 

Roofs and Floors. The roofs should be of 3 in pine planks spiked directly 
to the heavy roof-timbers, and covered with five-ply tar-and-gravel roofing. 
Roofs should incline from % to % in per ft, and incombustible cornices are 
recommended when there is exposure from neighboring buildings. Floors 
should be of spruce planks, 4 in or more in thickness according to the floor¬ 
loads, spiked directly to the floor-timbers, and kept at least l /2 in away from 
the face of the brick walls. In order to obviate the danger of cracking the 
walls, which sometimes results from the swelling of planks laid close against 
them, these spaces left between walls and floor-planks must be covered by 
strips or battens both above and below. In floors and roofs, the bays should 
be from 8 to ft wide, and all planks two bays in length should be laid to 
break joints every 4 ft, and grooved for hard-wood splines. Usually an over¬ 
floor of birch or maple is laid at right-angles to the planking, but the best 
mills have a double overfloor, a lower one of soft wood, laid diagonally upon 
the planks and an upper one laid lengthwise. This latter method allows boards 
in alleys or passageways to be easily replaced when worn, while the diagonal 
boards brace the floors, reduce the vibration, and distribute the floor-loads 
more uniformly than the former method. Between the planking and the 
overfloor should be two or three layers of heavy, hard paper, laid to break 
joints, and each mopped with hot tar or similar material to make a reason¬ 
ably water-tight as well as dust-tight floor. The usually rapid decay of the 
basement or lower floors of mills makes it desirable, whenever wood is .not 
absolutely necessary, to make such floors of cement. If wooden floors are 
required, crushed stone, cinders, or furnace slag should be spread evenly over 
the surface, and covered with a thick layer of hot-tar concrete. On this 
tarred felt is often laid, well mopped with hot-tar asphalt, and over it a floor¬ 
ing of 2 in seasoned planks, well pressed down and nailed on edge without 
perforating the water-proofing under it. The hard-wood boards of the over¬ 
floor are then nailed across the planks. Cement concretes promote decay 
of wood in contact with them. If extra supports are required for heavy 
machinery, independent foundations of masonry should be provided. In 
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view of the difficulties frequently met with in preserving basement floors of 
the ordinary timber construction, because of the lack of suitable ventilation 
underneath, and also in view of the rapid decay of timber and plank floors in 
bleacheries, dye-works, print-works, and the like, in which the floors quickly 
become saturated with moisture, artificial-stone floors are being laid in many 
of the modern plants. 

Sizes and Kinds of Timbers. All woodwork, not standard-construc¬ 
tion, in order to be slow-burning, must be in large masses which present 
the least surface possible to a fire. No pieces less than 6 in in width should be 
used for the lightest roofs, and for substantial roofs and floors much wider ones 
are needed. Timbers should be of sound, long-leaf, yellow pine, and for sizes 
up to 14 by 16 in, single pieces are preferred; or, timbers 7 to 8 by 16 in, are 
often used in pairs bolted together, without air-spaces between. They should 
not be painted, varnished or filled for three years because of the danger of dry 
rot, and for the same reason, an air-space should be left in the masonry around 
the ends. 

Beam-Boxes, Column-Caps, etc. Timbers should rest on cast-iron 
plates or beam-boxes in the walls and on cast-iron caps on the columns. 
Beam-boxes are of value as they strengthen the walls when the floor loads are 
heavy and the distance between windows small; they facilitate the laying of 
the bricks and the handling of the beams; and there is less danger of breaking 
the bricks in putting the beams in place. They also insure proper air-spaces 
around the ends of the beams. Fig. 2 shows a floor-timber resting on a cast- 


Koof 


Cast Iron 
Wall 
Roof 
Anchor 

Fig. 2. Floor-timber on Wall-plate Fig 3. Roof-timber on Wall-plate 

iron wall-plate with a lug for anchoring the timber to the wall. Fig. 3 
shows a roof-timber resting on a cast-iron wall-plate, an overhanging, open, 
wooden cornice and a wrought-iron joist-anchor. Fig. 4 shows a cast-iron 
cap and pintle for columns, and dogs for holding the floor-timbers together. 
Fig. 5 shows a roof-timber resting on a column-cap cast to fit the slope of the 
roof; the timbers are held together by 1 in wrought-iron dogs. These dia¬ 
grams are intended only as general illustrations of slow-burning or mill- 
construction. The details should always be adapted to the special con¬ 
ditions of the site and to the purposes for which the buildings are used. 

Columns of yellow pine should be bored through the axis, making a V /2 in 
diameter hole, and should have H in lateral vent-holes near the top and bot¬ 
tom. The ends should be carefully squared. To prevent dry-rot, wooden 
columns should not be painted until they are thoroughly seasoned. They 
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should be set on pintles which may be cast in one piece with the cap, or 
separately. Cast-iron columns are preferred by some engineers, and when 
a building is equipped with automatic sprinklers, such columns have proved 
satisfactory; but they are not as fire-resisting as wooden columns. Wrought- 



Fig. 4. Post-cap and Pintle for Floor-timber Fig. 5 Roof-timbers on Column- 
and Columns cap 


iron or steel columns should not be used unless encased with at least 3 in 
of fireproofing. 

Windows should be placed as high and made as wide as possible to obtain the 
greatest amount of light, and the use of ribbed glass is recommended for the 
upper sashes. 

Weight, Deflection and Vibration. In computing the size of the timbers 
as a ratio to the working-load, consideration must be given not only to the 
weights which are to be carried, but also to the character of the machinery 
which is to be operated on the floors. Beams of sufficient strength to support 
the weights may vibrate or deflect under the weight and action of the machin¬ 
ery; and there are, therefore, three factors, weight, deflection and vibra¬ 
tion, which must be considered in determining the width and depth of the 
beams that are to be used in the structure. 

Objectionable Types of Construction. “ We do not approve what has 
been sometimes miscalled mill-consi ruction, that is, longitudinal girders 
resting upon posts and supporting floor-beams spaced 4 ft, more or less, on 
centers. This mode of construction not only adds to the quantity of wood 
used, but the disposal of the timbers obstructs the action of the sprinklers, pre¬ 
vents the sweeping of a hose-stream from one side of the mill to the other, and 
the girders also obstruct the most important light, that from the top of the 
windows.” 

Timber, Ventilation, Painting, etc. Timbers, unless known to be thor¬ 
oughly seasoned, should not be encased in any kind of air-proof plastering nor 
painted with oil-paints; white-wash, calcimine and water-paints may be used, 
as they are porous. As a rule, timbers should be left unprotected, since a 
fire which will seriously impair and destroy heavy timbers will already have 
done its work upon other parts of the structure. 

Single and Compound Beams. While, in general, single beams should be 
used, in some instances it may be desirable to substitute compound beams, 
made by fastening two or more beams or thick planks side by side. It is often 
easier to obtain well-seasoned lumber in small dimensions. Such compound 
beams should be tightly bolted together without air-spaces, and owing to the 
danger of dry-rot, should not be painted or varnished for three years. 
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Steam-Pipes. If a mill is to be heated by conveying steam through pipes, 
such pipes should be hung overhead. 

Cornices. Wherever buildings are exposed or are liable to be exposed to 
fire in the near future, the cornices should be of non-combustible construction 
or, preferably, the walls should extend above the roof-timbers. 

Glass, Frames and Shutters. All openings in walls should be protected 
either by approved wire-glass in approved metal frames or by standard fire- 
shutters. 

5. Belts, Stairways and Elevator-Towers 

Continuous Floors. One of the most important features of slow-burning 
construction is to make each and every floor continuous from wall to wall, 



avoiding, as far as possible, holes for belts, stairways, or elevators so that a 
fire may be confined to the story in which it starts. No well-informed mill- 
owner, engineer or builder will, therefore, fail to locate elevators, stairs, and 
main belts, in brick towers or in sections of the building cut off from all 
rooms by incombustible walls. All openings in these walls should be pro- 
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tected by standard fire-doors, preferably self-closing. In modern practice 
all belts and ropes which may be used for the transmission of power to the 
various rooms, are placed in incombustible vertical belt-chambers, from 
which the power is transmitted by shafts through the walls into the several 
rooms of the factory. There should be no unprotected openings in the inner 
walls of this belt-chamber. 

Shafts above Roof. Skylights. All shafts for stairs, elevators 
belts, etc., should extend at least 36 in above the roof, and all such shafts 
should be, if possible, on the outside of the building. Elevator and belt-shafts 
should be covered with thin glass skylights in metal frames, protected under¬ 
neath with wire-netting. Figs. 6 and 7 illustrate a section and plan of a 
cotton-mill, showing elevator, stair and belt-shafts arranged on the above 
principle. Closets should be in a separate tower rather than in manufac¬ 
turing rooms. 

The Boiler-Plant should be in a separate building cut off from the engine- 
room by a brick wall, and the openings in this wall should be protected by 
AUTOMATIC, SLIDING, STANDARD FIRE-DOORS. 


6. Standard Storehouse-Construction 

Example of Storehouse-Construction. Fig. 8 shows a cross-section through 
the fire-tower and Fig. 9 the first-story plan, including the elevator and stair- 
tower of a four-story 
storehouse. 

Area. Buildings 
for this purpose 
should not, in gen¬ 
eral exceed 5 000 sq 
ft in area. When 
used, however, for 
storage of non-haz- 
ardous goods, the 
area may be in¬ 
creased to 10 000 sq 
ft. 

Height of Stories. 

In storehouses, the 
stories should be made low enough (Fig. 10) to prevent overloading, and when 
designed for case-goods, the height of stories should be sufficient to take two 
cases, with a 12 in, clear space under the beams to allow for the distribution of 
water from the sprinklers. 

Fire-Walls. For convenience, as well as to separate the different hazards of 
raw materials and finished goods, the building should be divided into sections 
by fire-walls extending at least 36 in above the roof. 

One-Story Storehouses. A one-story storehouse is recommended in 
preference to the design just described, whenever there is a sufficient quantity 
of level land at disposal for this purpose. The one-story building is cheaper, 
more convenient, and, when separated into small divisions by fire-walls, repre¬ 
sents the safest method of storehouse-construction. 

Timbers and Framing. The floor-timbers and roof-timbers should be 
of long-leaf yellow pine, in single pieces, if possible. If necessary to use double 
beams, they should be bolted together without air-spaces between them. Tim- 



Fig. 8. Four-story Storehouse. Section through Fire-tower 
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bers should rest on cast-iron plates or beam-boxes in the walls, and on cast-iron 
caps on the columns. At least 3^ in air-spaces should be left around all beams 
built into the masonry, allowing free ventilation and preventing dry rot. Col- 



Fig. 9. Four-story Storehouse. First-story Plan 


umns of yellow pine should have their end-surfaces cut square with the column- 
axis. 

Floors. The floors of such buildings should be continuous, without open¬ 
ings, and of the standard slow-burning construction, described under Stand- 



isometric VIEW 

Fig. 10. Four-story Storehouse. Isometric View 


Ard Mill-Construction. The flooring should be constructed as called for 
under Standard Mill-Construction. In order that the floors may be as 
nearly water-proof as possible, tarred paper, mopped with tar, should be 
applied, as previously suggested. The floors in each story of the tower 
should be at least 1 in lower than the floor in the adjoining compartment, and 
the sills of the door-openings to the tower should be inclined to make up the 
difference in levels. The sill, also, of the outside door of the tower should be 
lower than the tower-floor. 

Scuppers. Water on the floors of the tower will ordinarily flow down the 
tewer-stairs, and the arrangement of the floor-levels indicated above will 
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ordinarily prevent water from an upper story from flowing into one of the 
lower compartments, if it is escaping through the tower. Cast-iron Scuppers 
are advised, and they should be set in the brickwork at frequent intervals, and 
so designed that they will carry away rapidly a maximum quantity of water 
from the floors of each compartment. To further the drainage of water, the 
floors should be inclined from the middle of the compartments to the scuppers. 
Fig. 11 shows the wind-shield scupper * which embodies the latest improve- 



Fig. 11. Detail of Wind-shield Scupper 


ments. In the old-style scupper only one flap is provided on the outside of 
the building. During winter and windy weather, this flap blows open and 
sometimes freezes open. This results in a continuous draft through the 
scupper and over the working floor of the factory or warehouse and necessi¬ 
tates an increase in the amount of heat furnished. The scupper shown in 
Fig. 11 corrects this condition by providing the light wind-shield on the floor- 
level of the scupper. When the outer flap blows open the wind-shield shuts 
off the draft from the outside. This scupper, in addition, acts as a fire- 
retardant when an adjoining building is burning, and when there is a tendency 
for the flames to communicate through an open scupper and ignite merchan¬ 
dise on the floor. The wind-shield, by shutting off the drafts and fire, acts 
as a retardant or shield to keep out the flames. 


♦Manufactured by the Wind-Shield Scupper Company, 1 Madison Avenue, New 
York City. 
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Tower for Stairways, Elevators, etc. Access to the various stories is 
obtained by means of a brick tower outside the main building, extending 
36 in above the roof, and containing stairways, elevators, etc., access to 
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Open Gallery 
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Fig. 12. Stairway-tower and Galleries at Side of Storehouse 


which is obtained by open galleries at each floor-level. (See Fig. 12.) A 
doorway from the upper story of the tower affords a ready means of reaching 
the roof. Automatic hatches are not necessary for the elevator, as guard- 
gates serve every purpose. If it is necessary to construct the towei for the 



devator and stairs inside of the building, access to it should be as shown in 
Fig. 13. This construction serves, also, as a fire-tower, part of the outside 
wall being omitted. 

Roof Walls and Parapets. The walls should extend 36 in above the roof 
and the parapet should be laid in cement, because the moisture readily .ab¬ 
sorbed by the bricks would otherwise pass downward and make the walls of the 
top story damp. In some instances a course of bricks dipped in coal-tar is 
laid above the roof-level. 

Spfinlder8, Standpipes and Hose. Mills and storehouses should be pro¬ 
tected throughout by automatic sprinklers and by inside standpipe and 
hose-equipments. Dry-pipe sprinklers should never be used unless it is 
impracticable to heat the building. These systems should be planned and 
supervised by a thoroughly reliable fire-protection engineer. 
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7. Example of One-Story Work-Shop 

Economy. For work-shops on cheap, level land, and especially for buildings 
in which the stock is heavy, one-story buildings have proved to be more 
economical than higher buildings, in cost of floor-area, supervision, moving 
stock in process of manufacture and repairs to machinery, much of which 
can be run at greater speeds than when it is in high buildings. 

Wanning and Ventilating. Window-Area. Such buildings are readily 
warmed and ventilated, and heavy-plank roofs are free from condensation in 
cold weather. Window-areas should be as large as practicable, as a large 
window-area reduces the hours of artificial illumination. If the building is 
exposed to fire from another building or buildings of hazardous occupancy, 
the windows should be of the Fenestra, Lupton or other equally good, steel 
construction, glazed with wire-glass. The forced circulation of heated air is 
a very desirable method of heating mills, and should be used in connection 
with overhead steampipes. 

Floors. As wooden floors are subject to rot, the general floor-construction, 
if possible, should be of concrete or earth or some other non-combustible mate¬ 
rial. But as the dust rising from floors of such materials injures machinery, 
and as the dripping of oils weakens such floors and seems to make a wooden 
flooring-surface necessary, the following construction is recommended. 
Broken slag or stone, several inches in thickness and thoroughly rolled, is first 
put down, and over this a 4-in layer of tar-concrete. On this is laid a 1-in 
thickness of asphalt, evenly rolled. Over this, 2 or 3 in hemlock planks, 
bedded in hot pitch, are laid and over them a or lj^-in maple floor, at 
right-angles to the planks. 

Column and Beam-Construction. Figs. 14 and 15 show clearly the mode 
of COLUMN AND beam-construction. No beams or other structural timbers 
should be painted or varnished until thoroughly seasoned. 

The Roofs should be as called for under Standard Mill-Construction. 
Trusses in roofs are ordinarily from 8 to 20 ft on centers, the 3-in planks span¬ 
ning the distance between the trusses as shown in Fig. 14, or resting on purlins 
not less than 8 ft on centers, and running longitudinally, as in Fig. 15. 

Cornices and Gutters. In Fig. 14, the overhanging open cornice is 
shown, with a drip to the outside and without gutters. Roofs sloping back to 
inside gutters, as shown in Fig. 15, are preferable. Projecting brick cornices, 
which protect the woodwork from outside fires, are shown in Fig. 15. If the 
building is exposed to other buildings of hazardousconstruction and occupancy, 
parapettf.d brick walls and cornices are needed. 

Roof-Construction. The roof-planks should be at least two bays in length, 
breaking joints every 3 ft; or, if purlins are used, the planks should cover at 
least two spaces between the purlins, and break joints as above. Roof- 
timbers should be well anchored to walls in a safe and suitable manner. 
While the saw-tooth form of roof may be used with this type of building, it 
may not be always necessary or advisable; and the types shown in Figs. 14 
and 15 are types common for machine-shops, foundries, and similar buildings, 
in which increased head-room is required for traveling cranes. The middle 
section over the crane is often provided with saw-tooth skylights with 
excellent results, and the side bays and others are made higher for galleries. 

Steel Structural Members. In ordinary one-story machine-shops, or in 
buildings of similar nature, where wide spans or trusses are necessary, the 
use of steel structural members is not objectionable. 
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Fig. 15. One-story Work-shop. Roof-boards on Purlins 
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8. Saw-Tooth Roof-Construction * 

The Great Advantages and the increasing use of saw-tootii roof-construc¬ 
tion, and the lack of familiarity with it at many factories, make it desirable to 
outline important features. 

Two Typical Designs are illustrated, Fig. 16, a textile weave-shed with 
a good basement for the shafting for driving the looms on the main floor above, 
thus dispensing with the overhead shafting and belting in the weave-room; 
and Fig. 17, a design for a light machine-shop or foundry. Other designs, 
using light wooden trusses or reinforced-concrete walls, are applicable. 

Roof-Types. It may be well to state here that while light roofs with 2 in 
and 3 in joists and with light boards should never be used, and while the prin¬ 
ciples of slow-burning or mill-construction, with its heavy timbers, are 
preferred, the increasing difficulty of promptly obtaining yellow-pine lumber of 
good dimensions, and its increasing cost, often necessitate the use of trusses 
and rather light timbers; but in no case should these timbers be less than 6 in 
in width nor of insufficient depth to carry the load. This, also, is in order 
that they may be slow-burning. The roofs in all cases should be con¬ 
structed of planks and have wide bays. 

Steel Roof-Trusses. The adaptability of the light forms of steel for 
framing trusses, especially when wide spans are needed, often compels their 
use; and in plants having a safe occupancy, such as that of metal-workers, 
steel trusses are not objectionable, providing adequate sprinkler-protection 
with a good water-supply is available to prevent quick failure of the steel 
work, due to heat from the combustion of the contents of the building or 
from the burning of the roof. Similar protection is, of course, needed in 
shops with wooden trusses, if disastrous fires are to be prevented; but 
experience has shown that the steel-trussed roof will fail much more 
rapidly than one of wood under similar conditions. 

Wooden versus Steel Columns. Wooden posts are nearly always avail¬ 
able and should be given preference; but if light steel columns are necessary 
they should be well protected by insulating materials if they are in rooms con¬ 
taining combustibles, as the column is the vital part of the roof-support. 

Advantages of Saw-Tooth Roofs may be outlined as follows: 

(1) Uniform Diffusion of Light throughout the room, thus making all 
space in it available. With all interior surfaces painted white and with 
ribbed glass in the sashes, the diffusion of light is almost perfect. 

(2) Better and Cheaper Lighting. Greater adaptability for lighting 
large floor-areas in wide buildings with low head-room when compared with 
what is necessary in wide buildings with the ordinary form of monitor- 
skylights. Saw-tooth roofs furnish the true solution of the problem of exclud¬ 
ing the direct rays of the sun and obtaining the very desirable north light. 
They result in greater economy in lighting, as they lower the fixed charges 
due to the smaller number of hours per day during which artificial light is 
necessary. 

(3) Better Working-Conditions, especially in textile-mills, thereby increas¬ 
ing production and encouraging permanency of employees 

(4) Special Adaptability to Many Industries. The saw-tooth form is 
especially adapted to weaving and similar processes in textile-factories, to 

* Taken and adapted by permission from the Boston Manufacturers' Mutual Insur¬ 
ance Company's specifications for the construction of saw-tooth tools. 
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Fig. 16. Saw-tooth Roof for Textile Weave-shed 
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Fig. 17. Saw-tooth Roof for Machine-shop 
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machine-shops, foundries doing light work, and similar processes, such as 
assembling and drafting, and to some dye-houses where careful matching of 
colors is necessary. 

Disadvantages of Saw-Tooth Roofs. While the testimony of those who 
have had experience with saw-tooth roofs is almost uniformly favorable, 
some difficulties have been experienced, practically all of which may be 
summed up as due to either faulty design or poor workmanship. The diffi¬ 
culties in general are caused by 

(1) Leaks, due to severe conditions during winter in our northern climates. 

(2) Poor Ventilation. 

(3) Excessive Heat when roofs are thin. 

(4) Excessive Condensation on the underside of roof and glass when the 
temperature outside is low and there is considerable moisture in the rooms. 

Approved Methods of Construction. The following suggestions show how 
the difficulties mentioned may be obviated if the approved methods are 
applied to special cases by competent engineers or architects. What is good 
engineering from the view-point of the manufacturer can also be good fire- 
protection engineering, and any design should be adapted to both if the 
best interests of the manufacturer are to be served: 

(1) Diffused Indirect Sunlight. As it is desirable to avoid direct sun¬ 
light and at the same time obtain an abundance of light, perfectly diffused, 
the saw-teeth should face approximately north and the glass should be 
inclined to the vertical to take advantage of the brighter light in the upper 
sky and to prevent cutting off the light by the saw-tooth immediately in 
front; and, above all, to assure the diffusion of the light over the floor 
rather than on the under side of the roof-planking. 

(2) Angle of Glass. For the glass an angle of from 20° to 25° from the 
vertical and an angle of approximately 90° at the top of the saw-tooth will be 
about right, the variations depending upon the amount of light required and 
the latitude. A sharper angle at the top is not needed, as it increases the 
cost, and makes more roof to be covered and larger spans; more glass, also, is 
required in proportion, and the light is not as good, as more light from the sky 
is lost and too much light is thrown on the under side of the roof. 

(3) Glazing-Details. Double glazing with a space left between the 
lights of glass is preferred on account of its conducting qualities; but it is not 
always necessary, except in the more northerly countries. The inside glazing 
should be done with factory-ribbed glass* set with the ribs vertical and facing 
in. Shadows cast by trusses are then almost unnoticeable. 

(4) Gutters and Conductors. Condensation-gutters are needed inside, 
at the bottom of the sashes, and they should be drained through inside con¬ 
ductors and not to the outside under the bottom of the sashes, as these latter 
admit cold air and are liable to freeze. 

(5) Valleys between the saw-teeth should be flat, from 14 in to 2 ft in 
width and pitched in per ft towards the conductors, which should be of 
ample size, and not much over 50 ft apart, and preferably less. The necessary 
pitch may be obtained by cross-pieces of varying heights set on top of the 
trusses, and thus avoiding hollow spaces. 

(6) Prevention of Leaks* Lf.aks, which are common faults, may ordi¬ 
narily be prevented by a careful design of the gutters, valleys and sashes, and 
by insisting on good workmanship and materials. The roof-covering of 
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asphalt or pitch should be continuous through the valleys and extend up to 
the glass. One form of construction understood to have been very satisfactory 
is shown in Fig. 18. 

(7) Warming and Ventilation. Experience has demonstrated the advan¬ 
tage of a combination of direct radiation with a fan sufficient only for ven¬ 
tilation and tempering the heat of the room. Heating-pipes should usually 
be placed overhead and directly under the front of the saw-teeth, and run the 

entire length, and in 
this position assist in 
preventing conden¬ 
sation. Where there 
is no moving shaft¬ 
ing, some forced cir¬ 
culation is neces¬ 
sary, and it is best 
obtained by a fan, 
which drives the air 
from either a dry 
basement or from 
outside as may be 
required, and dis¬ 
charges it over heat¬ 
ing-coils to the story 
above. In weaving 
and similar rooms 
this is especially 
necessary and ad¬ 
vantageous in pro¬ 
moting the health 
and comfort of the 
employees, and in 
making their working-efficiency greater. Ventilation and cooling of these 
large areas with comparatively low stories must not be neglected. Ample 
vents are needed at the top in the form of large metal ventilators with double 
walls and tight dampers. They are recommended in place of pivoted or swing¬ 
ing sash, which are apt to leak in driving storms, and when open, allow dirt 
to blow in from the roof. Good windows are advised in side walls and experi¬ 
ence has shown their value. 

(8) Details of Framing and Construction. The framing of the saw- 
teeth may be of timber, steel or reinforced concrete. The design should be 
such as will obstruct the light as little as possible, strong enough to hold wet 
snow without sagging, and stiff enough to carry shafting motors, etc., when 
they are to be overhead. When wood or steel is used the roof-planking 
should be 3 in or more in thickness spanning bays from 8 to 10 ft in width. 
Hollow spaces in roofs should not be permitted. They are very undesir¬ 
able from a fire-standpoint, and any condensation which may take place in 
them during cold weather soon rots both planks and sheathing. Sheathing, 
even without spaces behind it, is a more or less objectionable feature, as it is 
readily combustible; but if it is used it should be applied directly to the under 
aide of the roof-planks, with only a layer of some insulating material between, 
ao that there will be no concealed spaces. If 3 in planks are sufficient for a flat 
roof, they should be, also, for a saw-tooth roof; and with a good circulation 
of air there should be no -trouble, except in wet rooms. In such rooms there is 
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bound to be condensation, whether they are under a roof or under the floor 
of a room above, unless large quantities of dry air are discharged into them. 

(9) Cost. Saw-tooth hoofs necessarily cost more than flat roofs, as 
there is practically the same amount of roofing as in flat roofs and, in addition, 
the cost of windows, glazing, flashing, conductors, condensation-gutters for 
skylights, and a somewhat larger cost for heating. The additional cost of these 
items does not, however, fairly represent the comparative cost, as there should 
be considered the total cost of the building compared with that of an ordinary 
one with sufficiently high stories and with a width narrow enough to give the 
required light. When this is done the slight additional cost is far outweighed 
by the advantages gained for work requiring very good light. 

9. Mill-Construction as Applied to Warehouses 

Cost. Owing to the increasing cost of heavy timbers for wooden construc¬ 
tion, to the lower cost of the so-called fire-proof construction, and also to 
the better fire-resisting qualities of the latter, owners, architects and build¬ 
ers should carefully compare the cost of construction, and also the cost of 
insurance of the two types, before deciding on the one to be used. The differ¬ 
ence in the cost of construction between these two types is so small, that in 
many localities the lower cost will be in favor of the reinforced concrete or 
other type of fire-proof construction. The cost of construction is also in 
favor of the fire-proof type, where both long spans and strength are required 

Timber-Spacing for Sprinklers. Warehouses of mill-construction 
should be built so as to allow the best possible distribution of water from auto¬ 
matic sprinklers, with the least possible obstructions, and floor-timbers, 
therefore, should be as few as the floor-loads will allow. There should be no 
concealed spaces of any kind in the building. To insure the greatest efficiency 
for sprinkler-systems, it is better to adapt the timber-spacing to suit the 
sprinklers, rather than to arrange the sprinklers to suit the timber-spacing. 

Mill-Construction Adapted to Warehouses. The features of bad con¬ 
struction mentioned under What Mill-Construction is Not are as objec¬ 
tionable in warehouses as in factories, while the construction advocated for 
mills may be used with almost equal advantage in the erection of warehouses. 
But as the latter are usually erected in the more thickly settled portions of a 
city, they are more subject to the dangers of a conflagration; and it should be 
understood that even the best slow-burning construction will stand but a 
short time after a fire has obtained a good headway, chc main object of mill- 
construction being to retard the spreading of fire by the use of heavy timbers 
and the absence of concealed spaces. In applying the principles of mill- 
construction to warehouses, therefore, the general principle of using large 
timbers placed as far apart as the loads will permit, and of avoiding all con¬ 
cealed spaces, should be constantly kept in mind. 

Warehouse-Floors, however, are generally required to sustain heavier loads 
than are found in woolen and cotton-mills, and hence require heavier con¬ 
struction. While warehouse-floors are quite often built with transverse 
girders, 8 or 10 ft apart, the spaces being spanned by flooring from 4 to 6 in 
thick, the more common method of construction is to use one or more lines of 
longitudinal girders supporting floor-beams spaced as far apart as possible, 
preferably not less than 8 ft on centers. 

Area and Height The area of buildings of this type should be, preferably, 
not over 7 500 sq ft, and in no case should it exceed 15 000 sq ft between fire- 
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walls. If buildings of large area are required, it is advisable to divide them 
into separate sections by fire-walls, thus reducing the liability to one fire, and 
affording an opportunity of storing hazardous goods in one or more sections, 
and non-hazardous or less hazardous goods in the remaining sections. Where 
ground is available, it is better to have a building of large area and lower 
height divided into fire-sections, than to have a building of lesser area and 
greater height, as the former construction affords a more economical han¬ 
dling of goods, and less concentration of values. Buildings of this type should 
be limited to 65 ft in height, and to six stories, thus discouraging the over¬ 
loading of floors. Piled goods should be kept at least 18 in away from beams, 
thus allowing for the distribution of water from the sprinklers. 

Walls should be of brick, and not less than 13 in thick in the upper story, 
and they should be increased in thickness on the lower floors to take care of 
additional loads. Party walls should be increased at least 4 in in thickness, 
and all walls should be laid in cement mortar, should extend above the roof 
at least 36 in and be coped with stone, salt-glazed terra-cotta, or similar non¬ 
combustible materials. Openings in division walls should be limited to as 
few as possible, not over three in each story, they should not exceed 80 sq ft 
each in area, and should be protected by double, automatic, sliding fire-doors, 
as specified elsewhere. 

Openings in Walls. As a protection against fires from surrounding prop¬ 
erties, openings in outer walls should be small, limited to as few as possible, 
and protected by standard fire-shutters and doors, or standard wire-glass 
windows. If the surrounding buildings are of hazardous occupancy or inferior 
construction, and the distance between the warehouse and the latter but a few 
feet, shutters are preferable, as wire-glass windows are recommended only 
where the exposures are moderate. Even though the building is not exposed 
to fire from other buildings, the protection of window-openings may prevent 
the spread of fire from story to story through the windows. 

Girders and Beams which support the floors and roof should be single 
pieces, not less than 6 in in least dimension, and with a sectional area of not 
less than 72 sq in; while columns should be not less than 8 by 8 in in cross- 
section in the upper story, and should be increased in size in the other stories 
to take care of any additional loads. The beams and girders should be self 
releasing (Fig. 2), and the floors should be built as outlined under standard 
mill-construction, inclined at least 1 in in 20 ft, made as nearly water-proof 
as possible, and scuppered to the outside of the building. These scuppers 
should be set in brick-work at frequent intervals, of sufficient size to carry 
off the maximum amount of water from each floor, and so constructed that 
they will prevent the admission of cold air to the building. (See Fig. 11.) 

Towers. ,The floors should be continuous from wall to wall, avoiding holes 
for belts, stairways, elevators, etc. All such openings should be enclosed in a 
brick tower or in towers extending not less than 36 in above the roof, coped 
as above, and accessible from each story by means of an outside balcony 
(Fig. 19). Where it is impossible, owing to the location or otherwise, to have 
these openings on the outside, they should be placed in brick towers con¬ 
structed inside the building and connecting with an entrance to a fire-proof 
vestibule, open to the weather. There should be openings from each story to 
the vestibule, each protected by standard fire-doors (Fig. 20). 

Gravity-Tanks for Automatic Sprinklers are usually placed on extensions 
of such towers, and they should be built to carry the additional load imposed. 
Easy access to the roof of the building may be had from a window or windows 
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placed in the tower, and such opening or openings should be protected by fire- 
shutters, especially where the tower is elevated a sufficient distance to allow 




Note: Walla of brick or other approved material, built aolidly 
from foundations to at least 30 inches above roof. 

Stair-treads, etc., of fire-proof material. 

Fig. 19. Tower Fire-escape. OutsiHe-balcony Entrance 



Openings in face-wall extend 
from floor to ceiling, Vestibule-Aoor 
of fire-proof construction, Railing at 
opening. 

Fig. 20. Tower Fire-escape for Adjoining Buildings 

the tank to be placed inside of the tower, thus preventing flames from gaining 
access to the tower and destroying the tank and tank-supports. 
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Boilers should be, preferably, in a separate building, cut off by standard 
fire-doors from the warehouse; or, if in the main building, should be located in 
a room of fire-proof construction, access to which should be from outside 
the building only. 

Structural Steel Members should never be used in this type of construction, 
as they will not resist even a moderate fire. If used, they should be protected 
with fire-proof material. The lintels should be brick arches and not steel 
sections. 


10. Steel and Iron Structural Members in Warehouse- 
Construction 


Metal versus Wooden Standard Members. Owing to the fact that a 
beam or column of steel or wrought iron when heated will fail by buckling 
or bending very much sooner than an equivalent beam or post of wood, it is 
important that such members be of wood, provided that the wooden beams 
have a sectional area of at least 72 sq in, and are not less than 6 in in least 
dimension, and that wooden columns have a sectional area of not less than 
8 by 8 in. Cast-iron columns, also, will generally fail in fire and water 
sooner than wooden columns. 

Fireproofing Steel Beams and Girders. When steel beams and col¬ 


umns are used, fireproofing is necessary to make them as fire-resisting as 



the floors. Such beams 
and girders may be 
fireproofed as shown 
in Fig. 21. Metal-wire 
mesh should be placed 
as shown, and tied to the 
beams and girders with 
metal clips; and to 
insure rigidity during 
the pouring of the con¬ 
crete and to keep the 
mesh in alignment, 
forms should be used. 
The concrete should be 


Fig. 21. Fireproofing of Steel Beam with Concrete and P° ure d before the floors 
Plaster are l al< *. a °d after the 


wooden beams are in 


position. After completion, the insulation should be at least 1 in at the edges 
of the flanges, 2 in under the lower flange of the beam and 3 in under the lower 
flange of the girder. The webs should be filled solid. Where there is little 


storage of a combustible nature in the building the beams may be protected 
as shown in Fig. 22. 


Fireproofing Metal Columns. Columns, either steel, wrought-iron, or 
cast-iron, should be protected even to a greater extent than girders and beams, 
and should have at least 3 in of concrete at the flanges, at least in at the 
edges, and be filled solidly against the webs. Fig. 23 shows two columns pro¬ 
tected by concrete held by wire mesh on % in rods, and all securely held to 
the column by metal clips. Forms should be used and the concrete should be 
poured as the girders and beams are protected. Steel beams, girders and 
columns are difficult to protect, especially at the intersections of steel and 
wood, and this insulating material can best be applied before the floors are laid. 
The fireproofing of these members will be of little avail, unless the materials 







Fig. 23. Fireproofing of Steel Columns with Concrete and Plaster. 


Fig, 24 illustrates the protection or a round column by reinforced con¬ 
crete. Here the concrete is held in 
position by wire mesh on metal fur¬ 
ring, held in position by metal dips 
or ties. The fireproofing should be at 
least 4 in thick, and forms should be 
used in surrounding the columns. In 
addition to the above reinforcements i 
for these columns, lateral reinforce¬ 
ment should be added by means of 
iron rods wound spirally around 
mesh, and placed 12 in on centers. 

After the forms are removed, and the Fig 24 Fireproofing of Cast-iron Column 
wooden floors are laid, the columns with Concrete and Plaster 

and girders should be finished with 

a 1 in thickness of hard plaster, filling all interstices between the woodwork 
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and the insulation. Tile, owing to the difficulty of properly bonding it, is 
not as effective as concrete; but if securely bonded by means of metal, it is 
quite satisfactory. Fig. 25 illustrates the protection of a girder and a 
column by means of tile. There are other equally efficient methods of beam 


4*Wood Floor 




I*if? 25. Fireproofing of Steel Column* and Beam with Tile 

and column-protection, described in Chapter XXII. In buildings of ware¬ 
house-construction, heavy goods are handled, and it may be advisable to 
protect the base of each column with sheet metal to a height of 36 in above 
the floor, to prevent any weakening of the fireproofing. 

Pipes for Gas, Water, etc., should not be enclosed in column or girder- 
insulation. 


11. Structural Details of Mill-Construction as Applied to 
Factories and Warehouses 

Column, Girder and Joist-Framing. Fig. 26 illustrates the method of 
carrying the girders from the walls, posts, etc., the bottom post resting on a 
steel post-base. The first floor above the basement is shown with longitudinal 
girders only, and heavy mill-flooring set on them. The girders are framed at 
the post in a steel post-cap, and are hung clear of the wall in an approved 
steel wall-hanger. The next floor above shows the construction in which the 
joists are framed into the girders by means of joist-hangers. The framing 
at the post, also, is done by means of a Duplex four-way post-cap, while the 
girder is built into the wall in a Duplex wall-box. The joist-hangers 
are used singly or opposite each other as required and are bolted to the girder, 
thus tying the building laterally. The upper floor shows the joists resting on 
the girder. This construction, however, does not coniform to strict mill- 
construction, as it exposes a larger amount of timber-surface. The girder 
is shown built into the wall and resting on a wall-plate. This distributes the 
load over the masonry but is not as effective in preventing dry-rot as the wall- 
box or wall-hanger. 

Steel and Malleable-Iron Post-Caps and Bases. Fig. 27 illustrates other 
details of construction which may be used. The bottom post rests on a steel 
post-base. The post-cap shown on the bottom post is a Duplex pour-way 
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steel post-cap, while the post-cap above it is one of the malleable-iron type, 
approved by the National Board of Fire Underwriters. The post-cap shown 
at the top, also, is of malleable iron and intended for lighter construction or 
for girders which run across the post as shown. The girders in every case are 



carried clear of the wall by means of approved wall-hangers and the beams 
are carried by the girders in malleable-iron joist-hangers. 

Cast-Iron Post-Caps and Bases. Fig. 28 illustrates other details of con¬ 
struction. The lowest post rests on a heavy, cast-iron, ribbed post-base. 
The first-story floor-girders are carried at the post by means of heavy, cast-iron 
post-caps and are built into the wall in cast-iron wall-boxes. When cast-iron 
is used for post-caps it is essential that it be made extra-heavy, as cast-iron 
is very uncertain on account of the uneven shrinkage when cooling, which often 
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causes internal stresses and weakens the caps. Flaws, also, may develop 
during the manufacture which weaken the caps and greatly impair the safety 
of the building. An objection to cast-iron is its tendency to crack and break 
during a fire when cold water is thrown on it. The post-caps shown in Fig. 28 



Fio. 27. Mill-construction. Malleable-iron Post-caps and Bases 

are of cast-iron for the first and second floors, Duplex steel for the third floor, 
and malleable iron on the top post. 

Duplex Combination Post-Cap. Fig. 29 illustrates the use of the Duplex 
Combination post-cap on the bottom post. This cap is made with a mal- 
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leable-iron lower part and a steel upper part. The post-cap shown on the 
second post is called the Ideal post-cap and consists of a steel upper part with 



Fig. 28. Mill-construction. Cast-iron Post-caps and Bases 

steel angles riveted underneath to fit the post. The cap shown on the top post 
is the old-style, cast-iron cap. The wall-hanger, wall-box, wall-plate 
and joist-hanger shown are used in standard construction. 
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Steel Post-Cape. Fig. 30 illustrates various forms of steel post-caps. 
The Ideal post-cap is shown on the bottom post and the Van Dorn post-cap 
on the post next above. On the top post the Star post-cap is shown. This has 
a fin for which the top of the post must be slotted to receive it. Steel joist- 



hangers are shown for the two lower floors. The Ideal joist-hanger is 
illustrated in the lower floor. It is spiked to the sides and top of the girder. 
The Van Dorn joist-hanger is shown in the second floor, while the old-style 
stirrup is shown in the top floor. The wall hangers illustrated are of the 
approved type. 












Art 111 


Structural Details of Mill-Construction 


883 


Framing Steel Beams and Girders. Fig. 31 illustrates the use of I-beam 
girders in place of wooden girders and their connections with wooden 
beams. In this kind of construction it is necessary to fireproof the steel beams, 
as they are more readily affected by heat in case of fire than large wooden 
timbers Intense heat often causes them to collapse and ruin a building. 



Fig. 30. Mill-construction. Steel Post-caps, etc. 


The hanger shown in the first floor is used where the I beams and wooden 
beams are of the same height. This hanger provides an extra bearing for 
the timber and has proved very satisfactory. The hanger shown in the 
second floor is used when it is necessary to raise the wooden beam above 
the lower flange of the steel beam. This hanger brings all the load on the 
lower flange of the I beam and provides an anchorage for the wooden beam. 
It is used singly or in pairs on the I beam as required, and is bolted through 










884 


Wooden Mill and Warehouse-Construction [Chap. 21 


the web of the I beam. This has been found to be a very economical and 
efficient construction. In the third floor the woo Jen beam is shown framed 



Fio. 31. Mill-construction. Framing Steel fleams and Girders 

to the I beam by means of a shelf-angle. With this form of construction 
it is necessary to rivet the shelf-angle to the web of the I beam. The 
upper detail shows the old-fashioned stirrup passing over the top flange of 
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the I beam and carrying the wooden beam. The post-caps shown are the 
Duplex steel post-caps which are approved by the National Board of Fire 
Underwriters. 

12. Connections of Floor-Beams and Girders 

Girder-Hangers and Joist-Hangers. To render the construction, and 
particularly the girders, slow-burning, it is important to have no hollow 
spaces between the top of the girders and the flooring, that is, to have the top 

surface of the floor- 
beams flush with that 
of the girders. This, 
of course, necessitates 
framing the floor- 
beams into the gir¬ 
ders. For HEAVY con- 
struction the only 
hind of framing that 


lig.32. Duplex Hanger lor Heavy Floor-beams Fig. 33. Framing I Beam 

. . , . . ... , . , . and Wooden Beam of 

is permissible is one in which some kind of joist- g ame Depth 
hanger is used. When the floor-beams are 6 by 12 in 

or larger in cross-section, and the girders are of wood, the author would give 
the preference to the Duplex hanger shown in Fig. 32. 

If steel-beam girders are used in place of wooden girders, there are 
several methods in use for 
framing the wooden beams. 

Fig. 33 shows a steel I beam, 
and a wooden beam of the 
same depth framed into it 
and resting on its lower flange. 

In most cases, however, this 
does not afford a sufficient 
bearing for the wooden beam. 

Fig. 34 shows a shelf-angle 
riveted to the web of the I 
beam. Whenever this method 
of supporting the beams is 
used, enough bolts or rivets 
should be used to support the 
load carried by the shelf- 
angles. Each % in bolt may 
be considered to support 3 000 Fig. 34. Wooden Beam Framed to I Beam with 
lb on each side of the girder, Shelf-angle 

and each %in bolt, 4 000 lb. 

The methods shown in Figs. 35 and 36 are sometimes used, but are open to 
objection on account of the weakening of the wooden beams when loaded 
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Fig. 35. Wooden Beam Framed to I Fig. 36. Wooden Beam Framed to I Beam 
Beam with Wooden Cleat with Shelf-angle 



Fig. 37. Wooden Beam Framed to I Fig. 38. Wooden Beam Framed to I Beam 
Beam with Stirrup-hanger with Duplex Hanger 



Fig. 40. Wooden Beam Framed to I Beam with Duplex Box-hanger 
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Fig. 37 shows a stirrup-type of hanger. This construction permits the 
framing of the wooden beam at any desired height, and has proved satisfac¬ 
tory. These hangers can be used with any depth of beam or girder, and are 
furnished by all manufacturers of steel joist-hangers of the various types, as 
well as by blacksmiths who can make wrought-iron stirrups. Fig. 38 



Fig. 41. Hoor-framing with Van Dorn Hangers and Post-caps 


shows the Duplex-type of hanger for framing a wooden beam flush with 
the lower flange of the I beam. This hanger is attached by means of bolts. 
Fig. 39 shows the same design of hanger, with the shelf-construction used 
to carry the wooden beams up to 4 in above the lower flange of the I beam. 



Fig. 42, Floor-framing with Duplex Hangers and Post-caps 

Fig. 40 shows a hanger for carrying the wooden beams 4 in or more above the 
lower flange of the I beam. 

The hangers described in I'igs. 38, 39 and 40 are all of the Duplex type, 
and are so constructed that all the load is carried on the lower flange of 
the I beam, which is a very satisfactory and ideal construction whenever it is 
necessary to frame wooden beams into and not rest them on the I beams. The 
design is a very economical one for framing wooden beams to I beams, as the 
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holes for attaching these hangers can be punched while the steel is being 
fabricated, and the hangers are attached to the steel beams by means of 
bolts when the wooden beams are put in place. These hangers are provided 
with lugs or lag-screws for anchoring the wooden beams securely to the steel 
girder. Fig. 41 shows a floor-framing with the Van Dorn steel hangers. 
Fig. 42 shows the floor framed with the Duplex type of hanger and post¬ 
cap. The same principle of construction is applicable to larger wooden 
beams spaced farther apart. 

13. Wall-Supports and Anchors for Joists and Girders 

Box Anchors, Wall-Hangers, etc. Anchoring. In a warehouse intended 
to be constructed on the slow-burning principle, the floor-beams and girders 

should be anchored to, 
and supported by the 
walls in such a way that 
in case the beams are 
burned through, the 
ends may fall without 
injuring the walls; and 
where large timbers are 
used, provision should 
be made against the 
possibility of dry rot. 

Box Anchors. The 
method of supporting 
the beams in mill- 
construction as origi¬ 
nally developed in the 
New England mills is 
shown in Fig. 43. This 
fulfilled the require¬ 
ments above mentioned, but it weakened the walls to some extent. The 



Tig. 44. Goetz Box Anchor for Wooden Beams Fig. 45. Goetz Box An¬ 

chor for Wooden Beams 


Goetz cast-iron box anchors shown in Figs. 44, 45 and 46 and the Duplex 
wall-box shown in Fig. 47 are decided improvements on the anchor shown in 



Fig. 43. Early Form of Beam-support in Mill-construction 
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Fig. 43, as they afford all the advantages of the latter without weakening the 
walls, unless the floor-beams are very wide. The wall-box as shown in 
Fig. 47 is made with a malleable-iron bottom plate and a steel box above. 
It has a rib on the plate at the back, which extends up and down, and acts as 
a secure anchorage in the brickwork. These wall-boxes are made wedge- 
shape, and it is there¬ 
fore impossible to 
pull them out of the 
wall. The more 
weight there is on the 
beam, the stronger 
will be the bond*that 
holds the beam to 
the box and the box 
to the wall. 

In case of fire or 
accident, the joists 
can burn through or 
break; and in falling 
they can free them¬ 
selves from the an¬ 
chorage and leave Fig. 46. Goetz Box Anchor for Wooden Girders 

the wall standing 

The wall is not even weakened by the space left in it, because the box re¬ 
mains, and the crushing strength of this cast-iron box is much greater than 
that of the wall. No break or breach is made in the wall, and the box that 
remains, securely held, forms a space for the easy replacement of the wooden 
beam. The box provides a perfect and secure foundation for each beam. 
Fire from a defective flue cannot ignite a beam-end, because it is protected by 

a ventilated, cast-iron box. The 
wall-boxes have air-spaces, also, in 
the sides, l /i in wide, which permit a 
circulation of air around the ends of 
the beams, effectually preventing dry 
rot. If timber is wet or unseasoned 
these wall-boxes allow it to dry out 
after it is put in the building. The 
average weight of a box like that 
shown in Fig. 45, for 2 by 12 in 
joists, is 10 lb. 

Wall-Hangers. Another device 
for obtaining the same results in a 

Fig. 47. Duplex Wall-box with Ribbed Plate different way is the wall-hanger. 

Figs. 48 and 49 show Duplex wall- 
bangers for large timbers. The hanger shown in Fig. 49 is made of open- 
hearth steel and is extra-heavy. Each of these hangers is provided with a 
plate which has an 8-in bearing on the wall, and the bearing of the timbers on 
the hanger is also 8 in. Tor beams not exceeding 10 in in breadth there is 
probably little choice between the box anchor, Fig. 46, and the wall- 
hangers, Figs. 48 and 49, except perhaps in the price and appearance. When 
the wall-hanger is used, no hole is left in the wall, and a saving of 6 in in the 
length of the beams is effected, which in some cases would be a consideration. 
For girders 12 by 14 in and upwards in cross-section, the author believes that 
the hanger shown in Fig. 49 is preferable to the box anchor. Wall-hangers 




890 


Wooden Mill and Warehouse-Construction [Chap. 21 


made from stirrups should not be used for heavy beams. The use of any one 
of the hangers or boxes is obviously greatly superior to the ordinary method of 
anchoring beams or girders to walls, and the use of such hangers will undoubt- 



Fig. 46. Duplex Wall-banger for Large 
Wooden Girder 



Fig. 49. Duplex Extra-heavy Wall- 
hanger for Large Wooden Girder 


edly save much Toss which would be caused by the falling of the walls. These 
are almost invariably pulled down by the ordinary iron anchors when the 
beams fall. Fig. 50 shows the application of a wall-hang-rr. 



Fig. 50. Application of Wall-hanger to Brick Wall 


14. Weakness of Wrought-Iron Stirrups when Exposed 

to Fire 

Stirrups and Fire-Tests. Referring to this subject. Professor J. B. Johnson, 
of Washington University, said: “The recent fixe tests of steel stirrups and 
brick walls which were made under my supervision in this city (St. Louis), 
show very conclusively that unprotected stirrups are extremely dangerous. 
These stirrups become red-hot in a few minutes and then rapidly char and 
bum away the ends of the beams; and they also bend down, so that in from 
twenty to thirty minutes after the fire reaches the stirrups, the beam is dropped 
right out of the twisted steel by the straightening out of this bend or twist." 

The Duplex Hangers possess an advantage over steel stirrups because, 
being of malleable iron, they are not as quickly affected by heat, there are 
no twists or bends to straighten, and the bearing in the trimmer or header is to 
a great degree protected by the form of construction. During a severe fire 
at Paterson, N. J., some Duplex wall-hangers were subjected to a most 
severe test without apparent injury. It is undoubtedly desirable that all 
structural iron should be protected from fire, but H is almost impracticable 
to effectively protect the stirrups used in connection with wooden beams 
without going to a greater expense than the character of the construction 
warrants. 
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15. Post and Girder-Connections 

Iron Cap-Plates, Wooden Bolsters, etc. Whenever a building is con¬ 
structed with wooden posts extending through several stories, each upper post 
should rest on an ikon cap-plate, fitted over the post below, and never on a 
girder or even on a wooden bolster. A bolster would not be objectionable 
were it not for the fact that the pressure under the post is generally sufficient to 
crush the fibers of any kind of wood. Then, too, there is always some settle¬ 
ment due from shrinkage. As posts are used expressly for the support of beams 
or girders, the iron caps must, of course, extend sufficiently beyond the upper 
post to afford ample bearing for the end of the girder. This bearing in square 
inches should be equal to at least one-half the load on the girder divided by the 
safe resistance of the wood to crushing across the grain 

Example. A 12 by 14 in yellow pine girder is designated to support a pos¬ 
sible load of 38 000 lb. What bearing should it have at the ends? 

Solution. The safe resistance given for long-leaf yellow pine to crushing 
across the grain is 350 lb per sq in. One-half the load on the girder is 19 000 lb, 
and hence the bearing area should be 19 000 divided by 350 or about 54 sq in. 
As the breadth of the beam is 12 in this would require a bearing lengthwise 
of the girder of 4j^ in. In no case should the bearing be less than that required 
by the above rule 


16. Form and Material of Post-Caps 

Cast-Iron versus Steel Post-Caps. Formerly cast-iron post-caps were 
used for the framing of the girders at the columns and posts. But the uncer¬ 
tainty attached to the use of cast-iron, and the necessity of extremely heavy 
caps to assure safe construction have led most engineers to specify steel post¬ 
caps, as they arc unquestionably the strongest form of construction for fram¬ 
ing posts and girders. The use of steel post-caps is to be recommended, 
there being no uncertainty regarding the strength of steel as there is concern¬ 
ing the strength of cast iron used for post-cap construction. Internal stresses 
due to uneven cooling may seriously affect the strength of a cast-iron cap, 
while a honeycombed casting may be used, undetected, and affect the safe 
carrying capacity; so that failure of the cap may occur even from the vibra¬ 
tion due to the machinery in the building. 

Cast-Iron Post-Caps are still used in some localities and a few of the com¬ 
mon forms as well as those of steel post-caps are shown. Fig. 51 shows a 
form which is frequently used for light construction. Fig. 52 shows a similar 
cap for a cylindrical post. These caps permit the use of girders wider than the 
post. When the girders and floor-beams are in place, and especially when the 
building is occupied, there is no danger of the girders or posts slipping on 
the plate; in fact it would require a greater force to move them. The girders 
should be tied together longitudinally by iron straps spiked to their sides. 
Many persons, however, consider it important in a building of slow-burning 
construction, to have the posts tied together in vertical lines, and the girders 
secured in such a way that they will be self-releasing without pulling down 
the posts. Figs. 53 and 54 show two post-caps which fulfill these require¬ 
ments. With these caps the ends of the girders are not fastened by bolts or 
spikes, but are held in place and tied longitudinally by means of the lug L on 
the Goetz cap, and by pins on the Duvinage cap; so that in case the girder 
is burned to the breaking point, it can fall without pulling on the post. Pro- 




Fig. 53. Cast-iron Duvinage Post-cap with Beam-pins 



Pig. 54. Cast-iron Goetz Post-cap with Beam-lugs Fig. 55. Cast-iron Post-cap with 

High Sides 
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vision is also made for bolting the cap to the upper post. The author doubts 
very much, however, if posts bolted together in this way will stand after the 
girders have fallen, as the planking will be likely to pull the posts over, even 
if they do not burn as quickly as the beams. Fig. 55 shows another form of 




Fig. 56. Steel Post-cap with Side-plates and Brackets 



Fig. 57. Steel Post-caps for Posts Y'arying in Section. Second Figure Shows Four¬ 
way Beam-construction 

cast cap with high sides, allowing lag-screws to be driven in the holes to tie 
the girders. 

A Steel Post-Cap, which is approved by the National Board of Fire Under¬ 
writers and bears their label, is shown in Fig. 56. This post-cap is made up of 








894 


Wooden Mill and Warehouse-Construction [Chap. 21 



Fig. 58. Steel Post-cap. One-way Beam-construe- Fig 59. Malleable-iron Posi¬ 
tion caps 



Fig. 60. Steel Post-cap for Continuous Post Fig. 61. Malleable-iron Post-cap with 

Steel Top-plate 



o r\ 

/—-”——\ 

- 


Fig. 62. Steel Post-cap for Cylindrical Wooden Post. Perspective. 
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steel side-plates and heavy steel brackets, all held rigidly together by means 
of four heavy bolts. The posts and girders are fastened to the cap by means 
of lag-screws, permitting the girders to release themselves in case of fire. By 
this method the entire construction is tied together vertically and longi¬ 
tudinally. This cap, on account of its simple design, lends itself readily to 
every form of construction desired. 



PLAN 

Fig. 63. Steel Poi>t-cup ior Cylindrical Wooden Post. Elevations and Plan 


Various Types of Post-Caps. Fig. 57 illustrates one post-cap in which 
the width of the girder is less than that of the post below, and also another 
post-cap in which the width of the girder is greater than that of the post below. 
In the latter four-way brackets are riveted to the side-plates to provide for 
the four-way construction. Fig. 58 shows a one-way construction. Fig. 
60 shows a post-cap which is used when it is required to run a post through two 
stories. This is what is known as a con¬ 
tinuous post-cap. The bracket instead 
of being made clear across the cap is 
made short on both sides and fitted into 
shoulders notched into the post, so as 
to make a more rigid construction. Fig. 

59 shows two post-caps made of malle¬ 
able iron which are preferable to cast- 
iron caps as they will not break off in case 
of a fire when cold water comes in con¬ 
tact with them. This danger is present 
when cast-iron post-caps are used. 

The cap shown is made in two parts so 
that it will fit posts and girders of differ¬ 
ent sizes. This cap, also, is approved by 
the Board of Fire Underwriters. Fig. 61 
shows a combination post-cap, the upper part of which is made of steel plate, 
and the lower part of malleable iron. Figs. 62 and 63 show steel post-caps 
for round posts. They are also frequently used for pipe-columns and con- 
crete-filled columns. Fig. 64 shows & steel post-cap intended for lighter 



Fig. 64. Steel Post-cap for Light Con¬ 
struction 
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construction. Fig. 65 shows Van Dorn post-caps. Fig. 66 illustrates the 
Star post-cap which is made of a bent steel plate with a fin projecting below 
into a slot in the post. Both are approved by the Underwriters. It is necessary 



Fig 65. Van Dorn Steel Post-caps 


to slot out the post in order to insert this fin. Post-caps which completely 
encircle the top of the post in a socket, to a great measure tend to prevent 
the twisting effect of the post, which is so noticeable when the posts are of 

wood. There is an objection to the 
use of the four-way post-cap when 
the girders are of wood, because the 
floor-beams that are hung from a 
girder drop a distance equal to the 
shrinkage in the girder, if the beams 
are hung in stirrups, or by one-half 
this amount if they are hung in 
DUPLEX HANGERS. The beams sup¬ 
ported on the post-cap cannot drop 
at all, and consequently the floor will 
be higher over the beam supported 
by the posts, than over the inter¬ 
mediate beams. In one building 
where deep beams were used, the 
Fig. 66. Star Steel Post-cap with Fin unevenness in the floor amounted to 

nearly an inch and was very notice¬ 
able. Wherever wooden girders are used it is, therefore, a much better 
construction to support all of the floor-beams from the girders, in which 
case the shrinkage will be uniform. With steel girders there is no shrinkage, 
and a beam may be placed opposite the posts with advantage. 



17. Roofing-Materials 

Warehouse-Roofs are almost always flat and, like floors, should be continu¬ 
ous from wall to wall, without openings. The occupancy of such buildings 
calls for little light, and hence skylights and other roof-structures are not 
required. 

Dampness and Leaks. Stored goods may be very easily damaged by water, 
and roofs, therefore, should be of such construction that they will prevent 
dampness, either through leakage or condensation. While roofs are usually 
built as flat as possible, the incline should be sufficient to drain readily, and the 
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outlets should be of sufficient capacity to quickly drain the roof of a maximum 
Amount of water. 

Slag or Tin are almost exclusively used on buildings of this type, although 
asphalt or other mastics are sometimes used with good results. 

Slag Roofs should generally be not less than 5-ply, with the maximum 
amount of coating. The flashings and counterflashings should be of copper 
or heavily-coated best terne-plates. 

Tin Roofs should be laid with the best open-hearth, palm-oil process terne- 
plates, laid on felt or other suitable materials which will avoid condensation 
and act as a flrc-rctardant. 

Canvas Roofing will stand hard usage, as is shown by its continued use on 
decks of vessels and steamers; but it is not adapted to large buildings. 

Provisions for Flooding Roofs. When warehouses are located in congested 
districts, surrounded by higher buildings, or by buildings of light construction 
or hazardous occupancy, their roofs should be so constructed that they may 
be flooded during severe fires in such surrounding buildings. This can be 
accomplished by using good roofing-materials, making high flashings, water¬ 
proofing the walls above the roof-line, and providing roof-outlets of types 
that will allow the placing of stoppers at the scuppers. (See Fig. 11 ) 

18. Partitions 

Non-Bearing Partitions. This refers only to those light walls or enclosures 
which separate rooms, etc., and not to those walls which divide the building 
into sections. Partitions, as here defined, bear no floor-loads. Buildings of 
the slow-burning type, for occupancies described above, need but few par¬ 
titions, and these should be built of non-inflammable materials, preferably 
metal lath and plaster on light, metal studding. All cupboards, closets, lock¬ 
ers, etc., in a building of this type should be of metal, or other equally non- 
inflammable material. 


19. Doors and Shutters 

Fire-Underwriters , Specifications. Doors and shutters should be built as 
outlined in the Rules and Requirements of the National Board of Fire Under¬ 
writers for the construction and installation of fire-doors and fire-shutters, as 
these specifications are accepted by architects and builders as the standard. 

Door-Openings should be limited to 80 sq ft, or less, each, and all communi¬ 
cation between buildings or sections of a building protected with double, auto¬ 
matic, sliding doors. 


20. Fire-Protection 

Automatic Sprinklers, supplied with an ample quantity of water at a good 
pressure, are needed in mills, storehouses, factories, warehouses, etc., where 
combustible goods are made or stored, or where large values are at stake. 
They may, in fact, be installed in buildings of any type of construction and 
occupancy, but are most effective in buildings of fire-proof or mill-con¬ 
struction. 

Inside Standpipes, with outlets in each story, in the basement and on the 
roof, should be installed at points readily accessible in case of fire, and should 
have a sufficient quantity of good hose attached at each outlet. 
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Roof Nozzles. If a building is badly exposed to other buildings of inferior 
construction or hazardous occupancy, a Monitor-nozzle of large size, located 
on the roof, is advisable. 

Public Water-Supplies. If these are not available, a private fire-service 
may be advisable. 

Competent Supervision. All of the above fire-protection equipments 
should be installed by men familiar with their operation, and supervised by 
competent fire-protection engineers, under plans approved by under¬ 
writers having jurisdiction. 
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CHAPTER XXII 

FIRE-PROOFING OF BUILDINGS 

By 

GEO. E. STREHAN 

CONSULTING ENGINEER 


1. Fire-Resistive Construction 

Definitions and Scope. Fire-proof as applied to building-construction 
cannot be defined in terms of precise requirements; all building materials 
resist fire to some degree, which has led to the quite general adoption of the 
substitute term firk-resisti\e; the degree to which any material or com¬ 
bination of materials ill a structural assembly resists the action of fire is 
called its fire-resistive or fire-retardant classification. Within the 
range of temperatures that may occur in a building either normally or under 
fire conditions, materials are also classified as combustible or incombustible. 
The term incombustible is generally applied to materials of construction 
which will neither ignite nor support combustion at temperatures variously 
assumed at 1 200° to 1 700° F. Under the standard requirements for fire¬ 
proof construction of the last decade, it was possible to design a structure 
which would permit a complete burnout of its contents without invalidating 
any important structural element; nevertheless the actual experience of a 
fire in such a building frequently resulted in serious property damage to con¬ 
tents and occasionally in loss of life. The tendency of modern regulation 
of building-construction is to fix the degree of fire-resistance built into the 
structure in accordance with the potential fire hazard involved in its pro¬ 
posed occupancy, to require more careful design of the subdivision of areas 
to control fire and the provision of adequate exit facilities to minimize life 
hazard, and to protect the exterior of the building against the spread or 
communication of fire. In addition, the structure must be equipped and 
maintained in a state of preparedness to cope with the ever-present fire 
threat. The purpose of this chapter is to furnish the architect with the 
required information of the fire-resistive values of materials and assemblies, 
the limitations of their use and application, and the general precautionary 
measures that should be taken to control the fire hazard. He must choose 
the most economic materials and type of construction consistent with the 
desired degree of fire-protection, apply them to the best advantage in the 
structure, but always, however, within the limitations imposed by the building 
laws having jurisdiction. One illustration will be quoted of fire conditions 
in a modern type of fire-resistive construction.* On Feb. 16, 1926, a fire 
occurred in the file-room of a suite of offices occupying a cut-off section or 
fire-area on the thirty-fifth floor of the 40-story Equitable Building in New 
York City. The building (whose predecessor on the site, one of the earliei 
types of fire-proof construction, was totally destroyed by fire in 1912) is sub* 
divided into four fire-areas or sections by fire-resistive walls of brick with 

* Quarterly, National Fir* Protection Association, April, 1926. 
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fire-doors at the openings, and all vertical communications are enclosed in 
fire-resistive partitions with protected openings. Workmen engaged in 
repairing piping in the building entered a pipe-shaft through a protected 
opening on the thirty-fifth floor, leaving the door held open by a mechanical 
check. From an unknown cause, fire originated at the third-story level in 
the shaft, fed on the insulation of the piping, traveled up through the shaft, 
caused the expansion and final rupture of a 5-inch unprotected gas-main, and 
entered the suite of offices at the unprotected opening on the thirty-fifth floor. 
After 12 minutes of delay and unsuccessful combat of the flames, the fire 
department was notified and the fire was extinguished after one hour of fight¬ 
ing by the aid of the standpipe system in the building. The fire though severe 
was confined to the cut-of! section of the thirty-fifth floor; it completely 
destroyed all the contents of office-furniture, files, books and paper stock, 
and caused a very small amount of water and smoke damage on other floors 
above and below. The damage to structural floors and ceilings was such as 
to be readily repaired. The rapid travel of the fire was in part due to escap¬ 
ing gas, which burned in the shaft, until the broken pipe was automatically 
sealed by the water poured on the flames. The meter records indicated a 
probable consumption of 8 000 to 9 000 cu ft of illuminating-gas above the 
normal. The building was not equipped with automatic fire-extinguishing 
devices except in especially hazardous locations, the exterior openings were 
not generally glazed with wire-glass, and several other minor principles of 
modern-day practices were not followed in the design. 

Fire-Resistive Classification of Materials refers to the actual time-period 
classification of assemblies of building materials in structural units of the 
building (such as walls, columns, floors and partitions), as determined by 
laboratory fire-tests conducted and controlled in accordance with the test 
procedure established by the Standard Fire Test Specifications of the Ameri¬ 
can Standards Association.* Under this procedure, the performance of the 
construction is expressed as “2-hour,” “^-hour,” “ 6-hour,” etc. Mate¬ 
rials which involve combustibles, or which continue to burn after the desired 
test-period, are designated by the term combustible after the assigned period. 
The intensity of the test-fire is controlled by a time-temperature curve 
passing through the following points: 1 550° F. at 30 minutes; 1 700° F. at 
1 hour; 1 850° F. at 2 hours; 1 925° F. at 3 hours; 2 000° F. at 4 hours; 
and 2 300° F. at 8 hours. The area under the curve is a measure of the total 
amount of heat to which the test specimen has been subjected. For eco¬ 
nomical design, the building should incorporate only that degree of fire- 
resistance which is commensurate with the fire hazard involved in its occu¬ 
pancy and location, in place of the old general standard of 4-hour construction 
as now required by the New York Code for all fire-proof buildings. The 
application of this graduated scale of fire-rcsistance is further aided by the 
principles of zoning and restricting specific urban areas to particular occu¬ 
pancy uses. Although fire-testing under controlled conditions has been 
developing for the last quarter century, methods of testing have only recently 
been reasonably stabilized. The available data on fire-resistive classifica¬ 
tions of all representative structural assemblies are not yet adequate to 
establish a comprehensive structural classification of buildings. More full- 
size tests on various assemblies are required. Several partial classifications 
have been issued by the U. S. Bureau of Standards, the Underwriters' 
Laboratories of Chicago, the Columbia University Testing Laboratories, and 


• A S.A. Tentative Standard Aj—1926. 



Art. 1] 


Fire-Resistive Construction 


901 


to a limited extent in several municipal building regulations.* The present 
tendency is to establish an intermediate class of building for occupancies of 
lighter hazard and lower permissible heights, between the fully protected 
class and the non-fire-proof or ordinary construction. This is called par¬ 
tially protected in the tentative draft of the proposed code of the Depart¬ 
ment of Commerce, and fire protected for the intermediate class as dis¬ 
tinguished from fire-resistive for the first class in the Philadelphia Code. 
Modern building codes for the cities of New York, Detroit, Minneapolis, 
Chicago, and Milwaukee, and the Recommended Practices of the National 
Board of Fire Underwriters, are now in the course of preparation. Among 
the fire-resistive time period classifications already promulgated are those 
contained in the Tentative Draft of Fire-Resistive Construction of the 
Building Code Committee of the Department of Commerce, January, 1929; 
on Hollow Load-Bearing Wall Tile, Research Paper No. 37, Voi. 2, No. 1 
Journal of Research; on Brick Walls of Clay, Shale, Concrete and Sand Lime 
Brick in Letter Circulars Nos. 228 and 229, Bureau of Standards; and on 
Masonry Wall Assemblies, National Board of Fire Underwriters, August, 1929. 
Other types of construction besides the fully and partially protected buildings 
possess some degree of fire-resistance, among which should be especially 
noted the mill type or slow-burning construction.! 

Severity of Building Fires. Another factor that should be determined for 
proper design of fire-resistive buildings, is the equivalent time-temperature 
period of the inherent fire hazard in buildings of different occupancies. The 
temperatures and durations of fire in a building depend upon the occupancy, 
contents and character of construction. Observation of actual fires and con¬ 
flagrations indicates average temperatures of 1 500° F. with a maximum of 
2 500° F, the most intense heat lasting probably not over 60 minutes, in 
the general case f On June 17, 1928, a full-scale fire-test was conducted 
under the direction of Mr. S. H. Ingberg, U. S. Bureau of Standards, on 
wood-joisted, brick-wall buildings, separated by a fire-wall, one two stories 
and the other five stories high, with the floors loaded in different sections 
with waste lumber to the extent of 7}^, 15 and 30 lb per sq ft. § These 
buildings comprised part of a group of structures being demolished to make 
way for a government building-operation in Washington, D. C. More 
than a hundred thermocouples were distributed throughout the structures 
and fires were started simultaneously in both buildings. In twenty minutes 
the temperatures reached 2 000° F., and in forty minutes a 2 400° F. maxi¬ 
mum. The fire extended to the top story of the five-story building in five 
minutes through an open elevator-shaft, and in twenty minutes the wooden 
joists burned through, allowing steel safes which had been planted in the 
building to fall through. In two hours the buildings were burned down 
except for smouldering refuse. Mr. Ingberg reached the conclusion that the 
fire was not more severe than a two-hour demonstration of the Standard 
Fire Test, and probably less. In the numerous floor and partition tests 
conducted by the Columbia University Testing Laboratory for the Bureau 
of Buildings of New York City,11 which are performed in fire-resistive test- 
chambers of reinforced concrete, involving to date perhaps some hundred 
floor and a like number of partition assemblies, the combustibles used 

• Building Codes of Pittsburgh, 1925; Philadelphia, 1929; proposed Detroit, 1930; 
West Coast Joint Code, 1927. 

t See Chapter XXI. 

X Freitas, Fire Prevention and Fire Protection. 

S Quarterly, N.F.P.A., July, 1928. 

[{ ee fire-resistive floors, Article 7; partitions, Article 12. 
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for firing the furnace are kindling wood, and various amounts of oak and pine 
cord-wood, with kerosene as an accelerator. Records of the tests show that 
in a one-hour standard partition or a one-hour standard floor-test, approxi¬ 
mately 20 to 30 lb of combustibles are consumed per square foot of floor 
area enclosed, generally more in the partition than in the floor-test, and 
in a four-hour floor test approximately 60 lb of combustibles per square 
foot are consumed. Much heat is lost in these tests by temperature trans¬ 
mission through the partitions and walls, through the calcining effects of the 
materials entering into the construction and especially through the evapora¬ 
tion of the free water in the construction and the chemically combined 
water in the materials. The severity of the fire does not vary in direct 
proportion to the amount of combustibles, but the general conclusion would 
be that a one-hour period of the Standard Time-Temperature curve would 
equal the fire-consumption of at least 20 lb of fuel per square foot, and 
a four-hour period, approximately 60 lb per square foot.* To study the 
probable fire intensity corresponding to different-use occupancies of build¬ 
ings, Mr. S. H. Ingberg conducted a series of burn-out tests on one-story 
fire-resistive test-structures erected at the U. S. Bureau of Standards, 
Washington, D. C.f These buildings were fitted with furnishings and 
records to represent light office, commercial and record-storage occupancies 
and were fired in several ways to represent slow and rapid ignition and 
spread of fire, with combustible and incombustible floor finishes. The con¬ 
clusions reached by Mr. Ingberg as to the equivalent time-temperature 
periods for light office occupancy (represented by a storage of 10 to 12 lb 
of combustibles) and heavy record-room occupancy (represented by 50 lb of 
combustibles) appear ultra-conservative. The fire areas under test were 
comparatively small and the fire conditions were different from those 
obtaining in an actual building. The objective of these studies is of exceed¬ 
ing importance in the design of a fire-resistive building, but the data are not 
yet comprehensive enough to establish definite conclusions. The uniform 
building code requirements for a “fire-proof” building undoubtedly pro¬ 
vided for more than the needed protection for buildings to house the lighter 
occupancies and uses, and in a like degree failed to provide for those occu¬ 
pancies with a maximum fire hazard due to the quantity and character of 
the combustible contents. 

From experience in actual fires and from the fire-test investigations of 
The U. S. Bureau of Standards and the Underwriters' Laboratories at 
Chicago, it appears probable that buildings having office, residential and 
babitational occupancies generally do not suffer fires exceeding in effect 
and severity the one-hour test-exposure conditions contemplated by the 
Standard Fire Test. Exceptional fires in such buildings would probably 
never exceed the equivalent of the lj^-hour standard exposure. Mercantile, 
manufacturing and warehouse buildings of more hazardous contents may 
develop fires which would equal in severity two to four-hour periods of the 
Standard Test Specifications. 

Municipal Code Specifications. From the preceding discussion, it will be 
seen that the art of fire-resistive construction is not stabilized and the 

• Since the area under the Time-Temperature curve is a measure of the heat supplied 
to the constructions during a fire-test, accurate planimeter measurements were made of 
both the New York Fire Test and the Standard Test curves. The area of the New York 
Code curve for one hour is 49.92 sq in, and for the American Standards curve is 43.61 
sq in. Reduced to average temperatures for the one-hour period, the values are respec¬ 
tively 1664® F and 1454® F. 

f Quarterly, N.F.P.A., July, 1928. 
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requirements vary in important details in all municipal codes. A few typical 
examples will be cited, but the detailed requirements of the law having 
jurisdiction must be consulted for each individual case. 

Philadelphia.* "First class type A defined. First class type A 
buildings shall be those having frames of reinforced concrete or structural 
steel wherein the fireproofing of the skeleton-frame and the floor-systems 
is in intimate contact with all parts of the steel, and the floor-systems are 
rigidly connected to the skeleton-frame. 

"First class type B defined. First class type B buildings shall be 
those having frames of reinforced concrete or structural steel wherein the 
fireproofing of the skeleton-frame Is in intimate contact with all parts of the 
steel, and the floor-systems are of steel, rigidly connected to the skeleton- 
frame, and fireproofed on top and bottom flanges, but need not be in contact. 

"First class type C defined. First class type C buildings shall be 
those having frames of reinforced concrete or structural steel wherein the 
fireproofing of the skeleton-frame entirely envelops each member, but need 
not be in intimate Contact with the steel, and the floor-systems are of steel 
which need not be rigidly connected to the skeleton-frame and which is fire¬ 
proofed on top and bottom flanges, but need not be in contact. Inter¬ 
mediate class, EIRE-PROTECTED, construction is the same as FIRST class 
type C above except that structural frames and floor-systemS may be fire* 
protected instead of fireproofed and each individual member of the skeleton- 
frame need not be entirely developed. 

" Fireproofing Material. A material of the thickness specified in this 
code for fireproofing, providing it is capable of passing the standard four- 
hour test in conformity with requirements as promulgated by the Chief. 

" Fire-protection. A protection of the materials acceptable for fire¬ 
proofing, but of thickness not lees than one-half those required for fireproofing. 
Cement or gypsum plaster properly held may be considered as fire-protection, 
providing that the constructions so protected will pass the standard one- 
hour fire test." 

Pittsburgh. "Fire-Resistive Construction. Fire-resistive building 
materials, systems, units and forms of construction shall be classified in 
accordance with the degree of resistance they afford when measured by a 
fire-test conducted in conformity with the standard time-temperature require¬ 
ments herein provided as follows: 

For Floors, Roofs and Columns 

Four-hour fire-resistive construction, or full fire-protection. 

Three-hour fire-resistive construction. 

Two-hour resistive construction. 

For Walls and Partitions 

Four-hour fire-resistive construction, or full fire-protection. 

Three-hour fire-resistive construction. 

Two-hour fire-resistive construction. 

One-hour fire-resistive construction. 

"For all fire-resistive buildings, the following time-period classifications 
are required: 

" For all columns and for all girders and trusses which support columns or 
outside enclosing or bearing masonry walls; three-hour fire-resistive construc¬ 
tion or protection. 

* The material in these codes has been edited to conform in spelling, punctuation 
etc., with the style of the handbook. 
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For all floor-construction and for all trusses, girders and beams not other¬ 
wise regulated by this section; two-hour fire-resistive construction or pro¬ 
tection/ 1 

West Coast Joint Code. (Adopted by about 80 cities.) “Type 1 or 
Type 1 Buildings. The structural frame of Type 1 buildings shall be of 
structural steel or iron which shall be fireproofed, or shall be of reinforced 
concrete. The foundation, exterior walls, inner-court walls, and walls 
enclosing vent openings shall be of masonry or reinforced concrete. The 
roof-construction and floors shall be of fire-resistive materials. Exterior doors 
and windows, except as specified in Section 1813, shall be of fire-resistive 
construction. (Note: Fire-resistive materials and fire-resistive construction 
have a specific meaning in this code, as specified in Chapters 42 and 43.) 

“All structural steel or iron members, not including forms or structural 
members for elevators and elevator enclosures, shall be thoroughly fire¬ 
proofed with not less than four-hour fire-resistive protection for columns, 
beams and girders, and three-hour fire-resistive protection for floors, for all 
buildings more than eight stories or 85 ft in height; and with three-hour 
fire-resistive protection for columns, beams and girders, and two-hour fire- 
resistive protection for floors for all buildings which are eight stories or 85 
ft or less in height; and all such fire-resistive protection shall be as specified 
in Chapter 43. 

“All exterior walls, fire-walls and fire division walls shall be of masonry 
or reinforced concrete, as specified in Chapter 29, and shall be of not less 
than four-hour fire-resistive construction, as specified in Section 4302. 

“Inner-court walls shall be of masonry or reinforced concrete of not less 
than three-hour fire-resistive construction, as specified in Section 4302. 

“Interior partitions shall be constructed of incombustible materials and 
shall be of not less than one-hour fire-resistive construction as specified in 
Section 4302. 

“Enclosures for elevator-shafts, vent shafts, stair-wells and other vertical 
openings when required because of occupancy in Part III shall be of two- 
hour fire-resistive construction and all openings therein shall be protected by 
fire-resistive doors or windows, as specified in Chapters 30 and 43.” 

New Orleans. “ Class No. I. Fire-Resistive Construction. A 
building is of fire-resistive construction, if all the walls, partitions, piers, 
columns, floors, ceilings, roofs, stairs, stair and elevator enclosures are built 
of incombustible materials, except hand-rails for stairs, minor interior finish 
and interior doors, also window trim, and if all metallic structural members 
except trusses supporting roof with fire-resistive ceiling beneath, arc pro¬ 
tected by an incombustible fire-resisting covering of low-heat-conductivity. 
Plastering shall not be applied to wood lath or wood furring strips. 

“Class No. III. Ordinary Construction Protected. This is Class 
III Construction (Ordinary Construction) * except that protection is afforded 
by requiring all combustible walls, ceilings and partitions to be covered with 
incombustible lath and cement or gypsum plaster or equivalent protection 
which will withstand a one-hour fire-test, and further protection is to be 
afforded by a complete standard sprinkler equipment. All openings in floors 
are to be enclosed in an approved manner to prevent passage of fire from one 
floor to another; all openings in side or rear walls shall be provided with 
approved fire-windows, doors or shutters, and all openings on streets less 
than 50 ft wide shall be provided with such protection above the first floor, 
in the event that buildings opposite are not of fire-resistive construction/’ 

* Matter in parenthesis not contained in original* 
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2 . Limitations of Non-Fire-Proof Construction 

Limiting Areas. Because of the difficulty of controlling fires, the area 
which a non-fire-proof building may cover is generally limited in munidpaJ 
building-regulations unless such areas are subdivided by fire-walls. The 
difficulty of fighting a fire depends also upon its accessibility from the out¬ 
side and the relative depth and width of the building. Maximum areas 
permitted in some of the cities are found in the following classification of 
representative cities. 


Limiting areas 

Unsprinklered 

Sprinklex ed 

Baltimore, Md. (1927) 
(Public buildings, de- 

3 000 sq ft if one stairway is provided 

9 000 sq ft if two stairways are pro- 

3 600 sq ft 

partment stores, fac¬ 
tories) 

Boston, Mass. (1924) 

vi led ... 

15 000 sq ft if three stairways are pro¬ 
vided .... 

24 000 sq ft if four stairways are pro¬ 
vided . . 

10 000 sq ft 

10 800 sq ft 

18 000 sq ft 

28 800 sq ft 

New York. N. Y. (1915) 

7 500 sq ft if facing one street. 

12 000 sq ft if facing two streets 

15 000 sq ft if facing three streets 

15 000 sq ft 
24 000 sq ft 
30 000 sq ft 

Philadelphia, Pa. (1929) 

5 000 sq ft if facing one street 

10 000 sq ft 

(Ordinary construe- 

7 500 sq ft if facing two streets 

15 000 sq ft 

tion) 

10 000 sq ft if facing three streets 

20 000 sq ft 

( M ill-construction) 

10 000 sq ft if facing one street. 

15 000 sq ft if facing two streets 

17 500 sq ft if facing three streets . 

20 000 sq ft 
22 500 sq ft 
25 000 sq ft 

Chicago. Ill. (1924) 

9 000 sq ft if facing two streets. 

12 000 sq ft 

(All ordinary con¬ 
struction) 



(All mill-construction) 

12 000 sq ft if facing two streets. . 

16 000 sq ft 

Cleveland, Ohio (1920) 

5 000 sq ft if facing one street 

7 500 sq ft 

(Ordinary construc¬ 

7 500 sq ft if facing two streets . 

11 250 sq ft 

tion) 

10 000 sq ft if faci lg three streets . 

15 000 sq ft 

(Mill-construction) 

Pittsburgh, Pa. (1924) 
Zone 1 

Zone 2 

: 

9 000 sq ft if facing one street . . . 
12 000 sq ft if facing two streets. . 

15 000 sq ft if facing three streets.. 

5 500 sq ft if facing one street 

8 800 «.q ft if facing two streets 

11 000 sq ft if facing three streets 

10 000 sq ft if facing one street 

12 000 sq ft if facing two streets 

15 000 sq ft if facing three streets 

13 500 sq ft 
18 000 sq ft 
22 500 sq ft 

Los Angeles (1929) 

10 000 sq ft, all locations. 

25 000 sq ft 

(Protected steel, non¬ 
fire-proof floors) 



(All others) 

St. Louis, Mo. (1927) 

7 500 sq ft, all locations. 

7 500 sq ft, all locations 

17 000 sq ft 

West Coast Joint Cole 

12 000 sq ft if facing one street. . . . 

24 000 sq ft 

(Ordinary and mill- 

15 000 sq ft if facing two streets. 

30 000 sq ft 

construction) 

18 000 sq ft if facing three streets.. .. 

36 000 sq ft 
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Limiting Heights. The height of a building is an important factor in deter¬ 
mining the requirements for fire-resistive construction. The rate of increase 
in the difficulty of coping with fire is greater than the direct increase in height, 
and the extreme limit will vary to some extent in different cities. With 
modern fire-fighting equipment, municipal fire departments cannot generally 
fight a fire effectively from the street to a height of more than six stories, or 
at the most 75 ft, without the aid of auxiliary devices in the building itself 
or from adjoining buildings. Some of the municipal height limits placed 
upon non-fire-proof construction arc given in Table I. 

Table I. Limiting Heights for Non-Fire-Proof Buildings 


City 

Factories 

Hotels 

Schools 


50 ft, 4 stories t* 
75 ft* 

3 stories j 

and basements i 

2 stories 
and basement 

Boston, Mass. 

(1924 

75 ft 

65 ft \ «: 

5 stones * 

* 

New York City 
(1915) 

4 stories 

20 ft 

20 ft 

Philadelphia, Pa 
(1929) 

3 stones l 1 

40 ft / 

85 ft t 

3 stories 
and basement 
.50 ft 

2 stones 

Washington, D. C. 
(1925) 

3 stories f 

60 ft* 

3 stories^ 

3 stories 

Chicago. Ill. 

(1924) 

50 ft, 4 stories f 
100 ft, 7 stories \ 

3 stories 
and basement 

200 persons 

2 stories 
and basement 

Cleveland, Ohio 
(1920) 

2 stories t 

100 ft t 

4 stories 

1 story 

and basement 

Detroit, Mich. 

(Proposed 1930) 

40 ft, 3 stones 1 
60 ft, 5 stories j 

3 stories 

40 ft 

2 stories 

40 ft 

New Orleans. La 
(1927) 

30 ft, 2 stonest 

57 ft, 4 stories l 3 
72 ft, 5 stories / 

3 stories 

40 ft 

3 stories 

. 

Pittsburgh, Pa 
(1924) 

3 stories t 

80 ft, 6 stories 

3 stories 

1 story 

Port Worth, Tex, 
(1928) 

3 stones f 

4 stories i 

2 stories 

1 story 

Kansas City, Mo. 
(1927) 

40 ft, 3 storiesf 
85 ft t 

2 stories 

25 ft 

1 story 

Los Angeles, Cal. 
(1929) 

3 stories t 

100 ft* 

3 stories 

* 

San Francisco, Cal. 
(1924) 

55 ftt 

84 ft t 

55 ft 

1 000 persons 

St. Louis, Mo. 

(1927) 

2 stories f 

90 ftt 

3 stories 
and basement 

50 ft 

2 stories 
and basement 

West Coast 
(1927) 

55 ft, 5 stones t 
75 ft, 7 stories t 

5 stories 

55 ft 

2 stories 


* Fire-proof construction. t Ordinary construction, t Mill-construction, i Sprin- 
klered. ' t First floor must be of fire-proof construction. 
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Table I (Continued). Limiting Heights for Non-Fire-Proof Buildings 


City 

Hospitals and 
asylums 

Residence 

buildings 

Other buildings 

Baltimore. Md. 
(1927) 

2 stories 
and basement 

3 stories i 

and basementH 

4 stories 
and basement H 

Boston, Mass. 

(1924) 

3 stories 

40 ft 

5 stories \ H 

65 ft / 

75 ft 

New York City 
(1915) 

20 ft 

6 stones If ; 

75 ft 

Philadelphia, Pa. 
(1929) 

Hosp., 2 stones 
Asyl. * 

3 stones 
and basement 

50 ft 

3 stories 
and basement 

50 ft 

Washington, D. C. 
(1925) 

3 stories If 

3 stoneslf 

60 ft 

Chicago, Ill. 

(1924) 

2 stones 
and basement 

3 stories 
and basement 

Less than 50 ft 

Cleveland, Ohio 
(1920) 

* 

60 ft 

60 ft 

Detroit, Mich. 

(Proposed 1930) 

Hosp., 2 st., 30 ft 
Asyl. * 

3 stones 

40 ft 

3 stones 

40 ft 

New Orleans, La. 
(1927) 

2 stories 

30 ft 

3 stones 

40 ft 

4 stories 

57 ft 

Pittsburgh. Pa 
(1924) 

1 story 

3 stones 

3 stories 

Fort Worth, Tex. 
(1928) 

* 

3 stones 

Over 5 stories 

Kansas City, Mo. 
(1927) 

Hosp., 1 story 
Asy. * 

3 stones, 44 ft 

2 stones if 2 apts. 
are on 1 floor 

3 stories 

44 ft 

Los Angeles, Cal 
(1929) 

* 

! 

3 stories 

50 ft 

San Francisco, Cal 
(1924) 

1 000 persons 

55 ft 

55 ft 

St. Louis, Mo. 

(1927) 

Hosp., 3 stories 
and basement 
Asyl., 2 stones 
and basement 

3 stories 
and basement 

50 ft 

75 ft 

■■n 

■ 

KS59DHMI 

5 stories 

55 ft 

5 stories 

55 ft 


* Fire-proof construction, f Ordinary construction, t Mill-construction. §Sprirw 
tiered. ^ First floor must be of fire-proof construction. 
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3* Comparative Costs 

Type of Construction. The cost of construction is only a secondary 
measure of economy, and the designer must make the most careful analysis 
to select the best and most adaptable type of construction for the particular 
use to which the structure will be put, bearing in mind the importance of its 
maintenance in service without interruption and with minimum probability 
of life or property loss. The problem of fire-proofing, and whether the addi¬ 
tional cost is warranted, is probably the most important for the architect to 
consider. In addition to the two major types of fire-resistive construction, 
the protected-steel frame and the all-reinforced-concrete frame, the first 
class is subdivided into many degrees of fire-resistance depending on the 
thickness and character of protective coverings used, and the second class 
may be built of four or more radically different types of construction all of 
which are subject to competitive cost advantages and disadvantages, and 
have varying fire-resistive properties. 

Height and Area. Not only do the relative costs of the two main types of 
fire-resistive construction vary in different localities, but the unit costs of 
buildings of the same type of construction are never alike, owing to differences 
in plan and other physical characteristics, such as spacing of columns, 
floor-loads and ceiling heights. Especially does the unit cost vary with 
height and area of the project. Generally speaking, beyond a certain mini¬ 
mum limit, the taller the structure the greater the unit costs, whereas the 
larger the area with greater duplication of units, the lower the unit costs. 

Use Requirements. A building must be planned either to return an income 
proportional to the capital investment or to provide an economical plant for 
the particular use operation for which it is designed. The requirements for 
no two industrial or commercial occupancies are exactly alike, nor are build¬ 
ings for similar occupancies in different localities rarely planned to be com¬ 
parative in cost. Because of these many variables, the fallacy of quoting 
differential percentage costs for all classes of buildings in various localities is 
evident. In an analysis of costs of types of fire-proof construction* 
Mr. Arthur F. Klein, Vice-President of R. C. Wieboldt Co., Chicago, com¬ 
pares four types of construction for a sixteen-story hotel, three types for a 
six-story light-manufacturing building and three types for an eight-story 
warehouse. The general analysis indicates that there is one type of con¬ 
struction that proves most economical for each of these buildings. 

In selecting the most economical design for any building, the architect must 
resort to a test analysis of all available types of construction for a typical 
panel. Such a cost analysis was prepared for a typical panel of a four- 
story light-manufacturing building, comparing four types of construction: 
Type A, Brick Wall, Wood-Joisted; Type B, Mill Construction; Type C, 
Reinforced Concrete Girder and Slab Type; and Type D, Protected Steel 
Frame with Concrete Slabs. The estimates were based on current cost of 
building materials and wage-scales obtaining in New York City in 1930. 
In this analysis, interior completion, builder’s profits, and financing costs 
were not included. On a net estimated cost of $0.20 per cu ft for the wood- 
joist construction, Type B was estimated to cost 3% more, Type C 20% 
more and Type D 30% more than Type A. 

In a check analysis of the net field construction costs in the Metropolitan 
District of New York City, including all classes of buildings on the basis of 
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July, 1930, delivered-on-the-job costs of basic building materials and current 
wage-scales, Mr. Allen E. Beals * gives the computed cubic-foot costs of 
some 125 buildings of various classes and heights. This analysis indicates 
that the estimated cubic-foot costs of these buildings average as follows: 

Residential Buildings 


Frame, 2% stories.$0.35 

Brick, ordinary, 6 stories. 0.45 

Semi-fire-proof, 6 stories, steel joists. 0.55 

Fire-resistive, 15 stories, protected-steel frame. 0.75 


Hotel Buildings 


Brick, ordinary, 5 stories. 0.65 

Fire-resistive, 7 stories, reinforced concrete. 0.67 

Fire-resistive, 20 stories, protected-steel frame. 0 90 

Fire-resistive, 40 stories, protected-stocl frame. 1 25 

Public Buildings 

Brick, ordinary, 5 stories. 0 68 

Fire-resistive, 12 stories, protected-steci frame. 0.84 

Office-Buildings 

Fire-resistive, 15 stories, protected steel. 0 78 

Fire-resistive, 40 stories, protected steel. 0.92 

Loft-Buildings (Tenant Factories) 

Fire-resistive, 15 stories, protected steel. 0.53 

Fire-resistive, 30 stories, protected steel. 0.70 

F actory-B uildings 

Mill construction, 2 stories. 0.18 

Fire-resistive, 4 stories, reinforced concrete. 0.35 

Fire-resistive, 4 stories, protected-steel frame. 0.45 

Warehouse-Buildings 

Fire-rcsistivc, 7 stories, reinforced concrete . 0.30 

Fire-resistive, 14 stories, protected-steel frame. 0.38 


Under average conditions, where the several types of construction are of 
practical application, the data seem to indicate that mill construction will 
add 5% or less to the cost of ordinary construction, reinforced concrete 0 to 
15% to mill construction, and protected-steel construction of the highest 
fire-resistive type from 5 to 10% to the cost of reinforced-concrete con¬ 
struction. 


4. Fire-Resistance of Building Materials 

Fire Effects on Durability of Materials. All building materials will ignite, 
flame, disintegrate or fuse if the temperature is high enough. Materials 
used in fire-resistive construction can be classified according to their uses as* 

• Copyrighted 1930 by Allen E. Beals, Allen E. Beals Corporation, New York City 
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(a) Those which serve as structural-load-bearing members; {b ) those 
which serve as a protective against the destructive action of fire on the 
structural element proper; (c) those which serve in assemblies as barriers 
against the spread of fire; and (d) those which serve as architectural 
trim and have no structural value at all. Materials of the first class, such 
as those used in floor and wall-constructions, must be incombustible, must 
not disintegrate or disrupt under sudden changes of temperature, and must 
retain their structural integrity throughout fire-exposure. Materials of the 
second class, such as column fireproofing, may or may not possess structural 
qualifications, but must be low conductors of heat and maintain their integ¬ 
rity as a protection to the enclosed load-bearing section. Materials of the 
third class, such as those used in fire-resistive partitions, must withstand the 
action of high temperatures and flames without transmitting sufficient heat 
to ignite combustible materials in the protected area or without breaking 
down to permit passage of flame, smoke or water. Materials of the fourth 
class such as flooring and trim, must be incombustible and not support or 
transmit flames or add fuel to the fire. 

Effects of High Temperatures on Strength. Incombustible fire-resistive 
materials will lose their structural qualities to some degree under exposure 
to high temperatures or sudden changes of temperatures. Fire-resistive clays 
will soften, fuse or disintegrate from unequal expansions; Portland cement 
concretes will spall and disintegrate, or dehydrate and lose their strength, 
gypsum or plaster composition will calcine and break down under the action 
of heat; and steel follows certain definite structural property changes, de¬ 
pending upon its chemical analysis and manufacture. 

Effects on Structural Assemblies. When materials are built or joined 
together in structural units to make up a building member, the fire-resistive 
rating of the assembly * is dependent upon the relative action of the com¬ 
ponent materials. Unequal expansions will cause the unit to warp, deflect 
or induce stresses in itself and adjoining members in the structure. The 
relative position of one part of the assembly with respect to another, as for 
example, the distance between a cciling-protective and the steel floor-beam, 
vitally affects the fire-resistance of the whole unit. The American Standard 
Fire Test Specification sets up the following criteria. Bearing-walls 
and partitions, floors and roofs must sustain “the applied load during 
the controlled fire and fire stream test, without passage of flame, stream 
or gases hot enough to ignite cotton waste, and after cooling, but within 
72 hours after its completion, shall sustain a total load equal to the dead 
load plus twice the superimposed load. . . . Transmission of heat through 
the wall, partition (or floor) during the fire endurance test shall not have been 
such as to raise the temperature on its unexposed surface more than 250° F. 
above its initial temperature/' Finish for walls, partitions and ceilings 
must withstand the fire and fire-stream test “without developing openings 
capable cf passing flame, hot gases or stream," and “transmission of heat 
through the finish during the fire endurance test shall not have been such 
as to raise the temperatures at its contact with the structural members 
of the test panel or elsewhere on its unexposed surface more than 250° F. 
above the initial temperature at these points." 


See Fire-Resistive Classification, Article 1. 
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5. Fire-Resistive Specifications and Properties of 
Materials* 

Brick. Common clay brick, when of good quality, will stand exposure 
to severe fire for a considerable length of time.t Experience has shown that 
thick walls are less affected by heat than thin walls, and that hard-burned 
bricks stand better than soft or underburned bricks. “ In the Baltimore and 
San Francisco fires, it was demonstrated that for outside walls, brick is supe¬ 
rior to any other material used in wall-construction as a fire-resistive material.” 
This resistance is due in large measure to the form and size of the unit and 
method of erection. Sand lime brick t though not equal to clay brick, is an 
excellent fire-resistive material. Concrete brick possesses the fire-resistive 
qualities of the concrete mixtures and aggregate used in its manufacture. 

Clay or shale building brick are manufactured in accordance with the 
Standard Specifications of the American Society for Testing Materials, 
C62-30, in three grades based on strength requirements. (See Table II.) 
Sizes of brick are fixed by these standards with a permissible variation of plus 
or minus He in in depth, H in in width and H in in length. (See Table III.) 


Table II. Grades of Clay Building Brick 


Name of grade 

Compressive strength 
(brick flatwise), 
lb per sq in 

Modulus of rupture 
(brick flatwise), 
lb per sq in 

Mean of 

5 tests 

Individual 

min. 

Mean of 

5 tests 

Individual 

min. 

Grade A. 

4 500 

3 500 

600 

400 

Grade B. 

2 500-4 500 

2000 

450-600 

300 

Grade C. 

1 250-2 500 

1 000 

300-450 

200 


Note. The specifications for physical strength properties and tests of sand lime brick, 
A.S.T.M. Standards C73-30, are exactly similar to those for clay or shale brick. These 
specifications do not determine weather-resistance. 


Table HI. Sizes of Clay Building Brick 


Type 

Depth, 

inches 

Width, 

inches 

Length, 

inches 

Common brick. ... 

2 M 

3H 

8 

Rough-face brick 

2 M 

3H 

8 

Smooth-face brick. 

2.M 

3% 

8 


Natural Stones. § Very few natural stones successfully withstand the 
action of high or sudden changes in temperature, and stone in general 
should be used with discretion in fire-resistive building-construction, and cer* 


• References to the Simplified Practice Recommendations (S.P.R.) are given in all 
cases where these have been formula ed and approved by the indu tries and endorsed by 
the U. & Department of Commerce. 

t See Wall Assemblies, Bureau of Standards, Article U. 
t S.P.R. No. 38. 

I Bulletin No. 370 U. S. Geological Survey Tests. 
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tain stones not at all. Granite will explode and disintegrate into sand when 
exposed to severe flames. Limestones and marbles are usually ruined if not 
totally destroyed by an ordinary fire. They are the least desirable of all stones 
from the fire-resistive point of view, and the granites come next. Sand¬ 
stones when fine-grained and compact sometimes stand fire without serious 
injury, but in very serious fires may be affected so badly as to require replace¬ 
ment. 

Terra Cotta. Clay shaped into the desired building forms and baked at 
high temperatures in special kilns is of two general types: Architectural 
or ornamental tile and structural clay tile. 

Architectural or Ornamental Terra-Cotta Tile is generally formed by hand 
to the desired units, and when burned with a glazed or monolithic colored 
enamel finish is well adapted to the architectural treatment of a fire-resistive 
building. The shells and webs must however be proportioned properly and 
made heavy enough to resist expansion and contraction stresses, and when 
incorporated in a wall the tile must be of sufficient strength to support its 
share of the wall-load as well as its own weight. 

Structural Clay Tile.* Hollow day masonry units were formerly variously 
known as structural terra cotta, terra-cotta building-blocks and hollow tile. 
In the trade, hollow day masonry units having cells or voids greater than 25% 
of the gross area are now called structural clay tile. It is formed into 
the various commercial shapes by mechanically extruding the plastic day 
mass through special dies and is generally wire-cut into units of desired length 
befpre burning. Three classes of structural day tile are manufactured from 
surface day, shale, fire day, or admixtures thereof, f conforming to Standard 
Spedfications and Tests of the American Society for Testing Materials. 

(a) Load-bearing wall tile t is manufactured and dassified according 
to the structural requirements based on strength and absorption given in 
Table IV. For use in load-bearing walls or in walls partly or wholly exposed 


Table IV. Physical Properties of Hollow-Clay, Load-Bearing 
Wall Tile 


Class 

Absorpton, per cent 

Compressive strength based on 
gross area, lb per sq in 

Mean of 
5 tests 

Indiv. 

max. 

Indiv. 

mm. 

End construction 

Side construction 

Mean of 
5 tests 

Indiv. 

min. 

Mean of 
5 tests 

Indiv. 

min. 

Hard.... 

6 to 12 

15 

5 

2 000 
or more 

1 400 

1 000 
or more 

m 

Medium. 

12 to 16 

19 

5 

1 400 
or more 

1 000 

700 

or more 

n 

Soft. 

16 to 25 

28 

5 

l 000 
or more 

700 

500 

or more 

350 


♦SPR. 12. 

f De6nitions, A. S.T.M. Spec. C-43-24. 
f AS.T M. Spec. 034-30. 
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to the weather, tile of at least medium grade should be used. The tile are 
manufactured to the following standard sizes and weights: 


Size of unit, inches 

Number of cells 
in thickness 

Weight, lb 

3^X12 X12 . .. . 

3 

20 

6X12X12... . 

6 

30 

8 X 12 X 12 . . 

6 

36 

10 X 12 X12. 

6 

42 

12 X 12 X 12 . . 

6 

48 

12 X12 X12 

9 

52 

3KX 5 X12 . . 

1 

9 

8X5 X 12. 

2 

16 

8 X 5 X 12. 

3 

16 

8 X 5 X12 (1.,-shaped). 


16 

8 X 6l£ X 12 (T-shaped). . . 

4 

16 

8 X 7%X\2 (Square). 

6 

24 

8 X103^ XI (H-shaped) 

7 

32 

8X8X8 (Cube). 

9 

18 


(b) Floor tile is manufactured and classified in accordance with the struc¬ 
tural requirements * given in Table V. 


Table V. Physical Properties of Hollow-Clay Floor Tile 



Compressive strength based on 
net area, lb per sq in 

End construction 

Side construction 

Mean of 
5 tests 

Indiv. 

min. 

Mean of 

5 tests 

Indiv. 

min. 

4 600 

or more 

3 000 

2 400 

or more 

1 700 

3 200 

or more 

2 250 

l 600 

or more 

1 100 

2 000 

or more 

1 400 

1 200 

or more 

850 


The standard weights of floor tile per square foot of flat and segmental 


arches are as follows: 



* A. S.T.M. Spec 057-3© 
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For use in combination floors * structural clay tiles are manufactured 
in the following sizes and weights. A tolerance of 3% is allowed in dimen¬ 
sions and 5% in weights. 


Size of units, inches 

Minimum 
number of cells 
in thickness ' 

Standard 
weight, lb 

4 

X12 X12 . . 

3 

16 

6 

X12 X12 . 

3 

22 

6 

X12X12... 

4 

25 

8 

X12 X12 . . . 

4 

30 

10 

X 12 X 12. . . . 

4 

35 

12 

X12X12 . . 

4 

40 

4 

X16X16 . . 

4 

32 

44X16X16 . 1 

4 

34 

5 

X16X16 

8 

42 

6 

X16X16. 

8 

46 

7 

X16X16 . 

8 

48 

8 

X16X16 . 

8 

50 

9 

X16X16 . . 

12 

62 


(c) Fire-proofing, partition and Furring TiLEf are classified in accord¬ 
ance with absorption requirements based on standard methods of test as 
given in Table VI. 


Table VI. Hollow Clay Fire-Proofing, Partition and Furring Tile 


Class 

Absorption, per cent 

Mean of 

5 tests 

Individual 

maximum 

Individual 

minimum 

Hard. 

6 to 12 

15 

5 

Medium. 

12 to 16 

19 

5 

Soft. 

16 to 25 

25 

5 


No strength requirements are specified for this class of materials, but the 
fire-resistive rating should be specified and the manufacturer be required 
to supply information of the fire-test performance of the material for each 
particular use. t Standard partition tile is furnished in the following sizes 
and weights: 


Dimensions, inches 

Minimum 
number of cells 
in thickness 

Standard 
weight, lb 

3X12X12 .... 

3 

15 * 

4X12X12 . 

3 

16 

6X12X12. 

3 

22 

6X12X12. 

4 

25 

8X12X12. 

4 

30 

10X12X12 . 

4 

35 

12X12X12 

4 

40 


* See Gypsum Tile Fillers, Article 7. 
f A S.T.M. Spec. C-56-30. 

X See Tables IX and XXVI for test performance of assemblies of hollow clay tile. 
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Monolithic Concrete. Stone Concrete. Under the action of fire, stone con¬ 
crete shows a general typical behavior, but the degree of destructive effects 
varies with the nature of the aggregate and the density of the concrete. Owing 
to low conductivity, the heated surface expands while the unexposed side 
remains cool, and the result is warping, cracking or even local spalling or pop¬ 
ping of the surface. The heat also dehydrates the cement mortar, causing 
disintegration for a depth of 1 in or more, while very high temperatures will cause 
fusion and flowing of the concrete (temperatures of 2 000 to 2 500° F.) depend¬ 
ing on the aggregate. This occurred in the Edison, East Orange, fire in 1912. 
Calcareous aggregates such as limestones show the lowest heat-transmis¬ 
sion and least destructive effect from fire. After fire, the calcined surfaces 
are apt to slake from mositure in the air, fall off and require surface repair of 
structural members. Feldspathic aggregates comprising igneous locks such 
as the feldspars and trap rock give slightly higher heat-transmission but do 
not cause cracking or spalling of the concrete to as great an extent. Artificial 
aggregates of burnt clay and furnace cinders are generally grouped in this class, 
so far as fire-resistance is concerned. Granite and sandstones and othei 
igneous rocks, containing larger quantities of free silica and usually with a 
binder of siliceous or calcareous cements, under the action of fire show a tend¬ 
ency to disrupt, crack or spall when used in concrete. The temperature of 
transmission is also likely to be higher. Siliceous rocks consisting mostly 
of uncombined silica when used as aggregate generally result in the most 
disruptive effects under fire conditions. The temperatuie of fusion, however, 
is beyond the range of normal fires in buildings. For the ordinary range of 
fire conditions concrete consiruction can utilize any of the commonly accepted 
aggregates. For the most severe lire exposures, it may be necessary to select 
aggregates or even resort to special reinforcement of the protective layer of 
concrete on the outside of the structural member. 

Slag Concrete. Blast-furnace slag has been used as aggregate with highly 
satisfactory results as to both fire-resistance and strength. Floor systems of 
slag concrete have withstood the four-hour fire-tests conducted for the New 
York Bureau of Buildings, and buildings using this system have been in exist¬ 
ence for twenty to thirty years. Care must be exercised, however, in the 
selection of the slag. Sanford Thompson states that the slag must be “air¬ 
cooled, crushed, screened from dust, and free from foreign material,” and 
that “exceptional care must be used in proportioning, mixing and placing.” * 
Air-coolcd slag is now extensively used in localities adjacent to steel mills and 
where the item of freight does not enter into the cost of the material, and has 
apparently resulted in very satisfactory concrete construction. Attempts 
have been made in recent years to apply commercial treatments to slag aggre¬ 
gates for purposes of easy handling of the material and lightening the weight 
of the concrete. The H. H. Potts Co. of Chicago, Ill., make a granulated slag 
aggregate under the trade name “Pottsco,” by a process of cold-water treat¬ 
ment of the hot slag. The resulting material is graded and screened to definite 
proportions and used in the manufacture of concrete products. “ Calicel ” 
is produced by the Calicel Company, Inc., of Hammond, Indiana, and Chicago, 
Ill., as a processed slag aggregate for conciete products and for acoustic tiles. 
It is also used in the manufacture of high-temperature insulation for lining 
furnaces. The aggregate for concrete production is a highly expanded stone 

* For a series of tests and description of materials, see pamphlet issued by the Carnegie 
Steel Company, Furnace Slags in Concrete. See also Proc. Am. Soc. for Test. Mats., 1914, 
and a full discussion of slag concrete published in the Iron and Coal Trade Review 
(London) for November 22 and 29, 1918. 
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consisting of silicates of lime and aluminia, expanded to approximately forty 
times its original volume. The loose weight of the expanded stone varies 
from 7 to 10 lb. per cu ft and produces concrete of low strength but high 
insulation value. 

Cinder Concrete. Concrete made from well-burned cinders resulting 
from forced-draft combustion of coal, free from foreign matter and containing 
unburned coal not to exceed 35%, makes an excellent fire-resistive material 
Owing to the porous and cellular nature of the aggregate, it is difficult to 
secure a workable consistency without the use of sand as a fine aggregate and 
within practical limits of cement content. The variable quality of the com¬ 
mercial cinders procured in practice results in a wide range of physical strength 
properties.* For fireproofing purposes, cinder concrete should be used in 
a viscous, wet mixture and should not be deposited dry. “ Anthracite cinder 
concrete, well mixed, and deposited in such manner as to coat the reinforce¬ 
ment with mortar, will not cause corrosion of embedded steel.” t Owing to 
the variability of the available commercial cinders, the Corlite Corporation 
of New York City developed a controlled manufactured aggregate for light¬ 
weight concrete, by submitting a mixture of ordinary house ash and silica 
sand to a smelting process, whereby all the combustible constituents of the 
ash are consumed and the non-combustible components of the mass are fused 
into a hard, vitreous, clinker-like iron-aluminum silicate. This clinker is then 
submitted to a crushing and screening process to size the material in a definite 
predetermined gradation of particles. This aggregate, known as “Corlite,” 
possesses all the superior characteristics of a good cinder in concrete plus the 
advantages of a controlled material of definite composition and quality. In 
the smelting process, practically all of the unburned coal in the ash is con¬ 
sumed. Commercial cinders as secured in New York City contain anywhere 
from 10 to 35% or more of unburned coal, which does not seem to vitiate its 
effectiveness as fire-proofing within the scope of practical requirements. In 
1930, the Underwriters’ Laboratories of Chicago undertook an investigation 
of the fire-resistance of cinder-concrete units containing 20, 35 and 45% of 
combustibles in the aggregate. As a result of these tests, the following speci¬ 
fication was issued in connection with the use of cinders for concrete-block 
construction: “When cinders are used, the average combustible content of 
the mixed fine and coarse aggregate shall not exceed 35% by weight of the 
dried mixed aggregates.” t The weight of cinder concrete can be controlled 
from 84 to 120 lb per cu ft, depending upon the strength required. The fire¬ 
proofing mixture used in New York City averages 108 lb per cu ft and con¬ 
sists of 1 part of cement, 2 parts of sand and 5 parts of cinders. 

Processed Concretes. “ Aerocrete,” § a light-weight, expanded structural 
concrete is produced by adding a small amount of metallic aluminum powder 
to the mixture of Portland cement and sand or cinders. On the addition of 
water, a gas is generated which expands the wet mix and forms small air-cells 
throughout the material. (See Fig. 1.) “Aerocrete” can be precast or 
poured in place in the field; it requires no tamping in the forms, merely being 
brought to an approximate level when pouring. “Aerocrete” is made in 
three grades, depending upon the uses for which the material is designed and 
the strength required: heavy-weight structural, weighing 60 to 80 lb per 
cu ft and having a compressive strength of 600 lb per sq in; intermediate 

• See Cinder-Concrete Floor-Construction, Article 7. 

f Cinder-Concrete Floor-Construction, Trans. A.S.C.E., Vol. LXXIX, p. 523. 

t Research 22, Retardant No. 2226, Underwriters’ Laboratories, April 30, 1930. 

$ Aerocrete Corporation of America, 51 East 42d St., New York City. 
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for use in partitions, furring, floor-construction filler tile and fireproofing 
generally, weighing 50 to 60 lb per cu ft, with a compressive strength of 300 
lb per sq in; and insulating, 
weighing 30 to 50 lb per cu ft, 
for floor fill and insulation uses 
generally. It is used for struc¬ 
tural floor and roof slabs, par¬ 
tition blocks for soundproofing, 
wall insulation in rooms of re¬ 
frigeration plants and light¬ 
weight fill on top of structural 
floor and roof slabs. In addi¬ 
tion to its light weight, it has 
excellent fire-resistive qualities 
and has been approved for use 
in fire-proof floor-construction 
in New York City, after satis¬ 
factory four-hour fire, water 
and load tests. 

Gunite.* The mixture of 
sand and cement deposited 
under high pneumatic pres¬ 
sure with a machine manufactured under the trade name “Cement- 
gun,” to which the required supply of water is added just before the dry 
constituents emerge from the nozzle, has in recent years been extensively 
applied in the field of fire-resistive building-construction Tests have shown 
that “gunite” is superior in tensile and compressive strength, and adhesion, 
with less permeability, absorption and porosity than good hand-made or 
deposited concretes or cement mortars. 

(a) For encasing structural steel, the method of application insures direct 
contact between the steel surface and protecting coat, results in absolute 
protection against corrosion and eliminates possibilities of air-pockets and 
porous conditions. It is possible to apply the protective coatings in successive 
layers to the required thickness, which do not break down under exposure 
to high temperatures and fire-streams. The first use of the cement-gun in 
steel encasement was at the Grand Central Station, New York City, where 
over five million square feet of gunite was placed as a protective against fire 
and corrosion. The great saving in dead load on the structure of the Bronx 
Terminal Market in New York City, by the use of “Gunite” encasement, 
was stated to result in “ a lighter structural-steel floor-system; lighter column 
sections and smaller foundations; decrease in the cost of beam encasement 
and rapidity of construction.” f 

(5) Reinforced Gunite for floor and roof slabs in a mixture of 1 part of 
cement to 3 parts of sand may be reduced to a thickness of 1% to 3^ in. 
Because of its impervious qualities, “ Gunite” roofs can be built without other 
roof-covering. Special provision however must be made for expansion-joints 
along lines of trusses and walls at from 20 to 40-ft centers. These joints 
must be protected with a weather shield and apron in the usual manner of 
expansion-joints. 

( c ) Curtain walls of “Gunite” from 1 l A to 2 in thick reinforced with steel 
mesh of not less than 0.5 of 1% in each direction are constructed on structural 

• Cement-Gun Company, Inc., Allentown, Pa. 

f The American Architect, June 1925 



Fig. 1. “Aerocre^c” Block 
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steel frames for industrial buildings and for enclosure walls of stair and eleva¬ 
tor shafts. Supports for the slabs should be spaced not less than 4 nor more 
than 8 ft on centers. Double-wall construction with concrete, steel or wood 
studs has also been used in building-construction. When composed of two 
slabs, each 2 in thick with an enclosed 8-in air-space, “Gunite” wall-con¬ 
struction has been accepted as the equivalent of a 12-in brick wall in skeleton 
wall construction. 

(d) “ Gunite” has also been used for the restoration and strengthening of 
both concrete and steel structures, as well as for reinforcement of otherwise 
weak structural members of buildings, bridges, etc. The strength of columns, 
beams, girders and slabs, is commonly increased by adding rods or other rein¬ 
forcement and encasing the whole with a 2-in layer of “Gunite.” 

(e) Several municipal building codes have approved the “ Gunite” method 
of increasing the thickness of deficient masonry walls when additional stories 
are added to the building * 

(/) “ Gunite” is also applied as a stucco over hollow tile, wood or metal 
lath, resulting in positive adhesion of the dense protective coat with low 
absorptive properties, insuring protection and weather resistance. 

(if) As a result of a series of tests conducted at the Underwriters’ Labora¬ 
tories, the following time-temperature ratings were secured on various walls 
and partitions of “Gunite”: Hollow 12-in walls on “Gunite” studs, 3-hour; 
solid 2-in non-bearing “Gunite” partitions, 1-hour.f 

Porete t (see Fig. 2) is a Portland-cement concrete to which a chemical 
foam is added to generate gases in the process of deposition, resulting in a 
light-weight precast or shop-made unit in both hollow and solid forms. It is 



Fig. 2. “Porete” 


manufactured in solid slabs for short-span roofs, and siding of industrial 
buildings, the slabs being reinforced for use in both fiat and sloped roofs, and 
also in field mixes for a fill and nailing base. 

Haydite, a concrete aggregate controlled by the American Aggregate Com¬ 
pany of Kansas City, Mo., is manufactured by crushing a special clay, shale 
or shale rock containing a high percentage of carbonaceous matter and burn¬ 
ing it in a notary kiln until linkers of a porous nature are formed. After 
passing through the kiln, it is allowed to cool, after which it is crushed, 
screened and graded to predetermined sizes and proportions, in accordance 
with definite screen analyses. “Haydite” concrete averages 30 to 40% 
lighter than sand-and-gravel or stone concretes and is chemically pure and 
free of silt or other deleterious matters. It is claimed to have superior fire- 
resistance. Its uses include fire-proofing for structural-steel frames, general 
reinforced-concrete construction, and the manufacture of light-weight pre- 

• Los Angeles Building Code. 

t Report on Gunite Walls, Retardant No. 1327, May 12, 1922. 

X Porete Manufacturing Co., Newark, N. J. 



Art. 5] Fire-Resistive Specifications and Properties of Materials 919 


cast concrete products, artificial building stones and incombustible nailing 
bases. “Haydite” concrete has a coefficient of heat conductivity of 
Btu per hour as compared to approximately 6 Btu per hour for stone con¬ 
crete and 5 Btu per hour for brickwork of the same thickness. The modulus 
of elasticity of concretes made with coarse “Haydite” and natural sand is 
approximately 75%, and for all “Haydite” concrete about 55% of that of 
sand-and-gravel concretes of the same strength. 

Concrete Units.* Numerous brick, block and tile forms of concrete building 
units are manufactured by the wet or dry process or various modifications 
of these methods,f for use as substitutes for brick, stone or terra-cotta. They 
have their greatest application in the walls of residential or industrial buildings 
of relatively low height, in general fire-resistive partition-construction and 
fireproofing of steel members, and in combination floors of concrete ribs and 
tile or block fillers. The various manufacturing processes employed show no 
marked differences upon the fire-resistive properties developed in tests of 
assemblies of these units. The test data do not seem to justify preference as 
to air vs. steam curing, or as between dry, damp or wet consistencies used 
in the manufacture, provided the products are thoroughly cured when incor¬ 
porated in the construction. 

(a) Concrete Building Brick X are manufactured in accordance with stand¬ 
ard specifications for strength requirements as given in Table VII. The 
standard size of brick is the same as clay brick, 2% by 3% by 8 in, with a 


Table VII. Concrete Building Brick 



Compressive strength 

Modulus of rupture 


(brick flatwise). 

(brick flatwise). 

Classification 

lb per sq in 

lb per sq in 


Mean of 

Individual 

Mean of 

Individual 


5 tests 

minimum 

5 tests 

minimum 

Grade B 

2 250 

1 500 

450 

300 

Grade C 

1 250 

1 000 

300 

200 


permissible variation of plus or minus ^16 * n depth, in in width and 
yi in in length. 

(b) Hollow Concrete Blocks and Tiles. Hollow blocks or tiles of Port¬ 
land cement and sand or gravel mixtures when subjected to fire show the same 
effects of expansion and temperature stresses that develop in brick or hollgw- 
tile walls. The web walls of concrete blocks develop general cracking and 
the exterior walls may spall and explode, depending upon the nature of the 
aggregate used. The heat-transmission through a hollow-block wall is gen¬ 
erally greater than through a solid brick wall, provided the latter does not 
open along mortar joints owing to expansion under heat. On the other hand, 
the greater size of the concrete block, being equivalent to 12 or more brick 
units in the wall, results in a considerable reduction in the number of joints, 
and the likelihood of fewer direct means of heat-communication through a 
wall. Fire-resistive tests indicate that for a time-performance of four hours 
as a fire- or exterior wall the shells and webs of 12-in hollow-concrete block 

• S.P.R. 32. 

f See Proceedings American Concrete Institute. 

t A.S.T.M. Spec. C 55-28T 
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should have a minimum thickness of lj^ in and have at least 2 cells in the 
thickness of the wall; and for a three-hour performance of 8-in blocks, the 
shells and webs should be at least l%in thick. 

Practice in the manufacture of concrete building block and tile is 
based on the standard specifications of the American Concrete Institute.* 
The requirements for strength are based on the gross cross-sectional area of 
the block as laid in the wall with a minimum compressive strength at 28 day9 
of 700 lb per sq in. Cinder-concrete units are similarly manufactured in 
tamp or pressure machines of a relatively dry mix, under careful control of 
the aggregate and process, in plants licensed by the patentees of the product.f 
Strength and absorption requirements are based on the same specifications 
as sand-concrete products. The cinder aggregate is prepared by crushing 
and screening to predetermined sizes to produce a graded mixture of fine and 
coarse material which is combined with the cement without the addition of 
sand. In fire-tests, the material shows less tendency to spall or crack from 
unequal expansion than the sand or stone units; the weight is approximately 
50% less than sand-concrete mixtures; and porous mixtures for interior non¬ 
bearing partitions, because of their cellular nature, possess good sound and 
heat insulation and allow easy driving of nails and cutting of blocks without 
breakage or waste. Tests at the Underwriters’ Laboratories show that coal 
combustibles in the aggregate up to a maximum of 35% do not affect the fire- 
resistance of the product, and the same fire-resistive ratings are accorded 
approved blocks as the sand-cement mixtures. However, since the blocks 
are manufactured of a dry mixture, special precautions should be taken to 
insure their thorough curing before they are incorporated in the wall; otherwise 
the changes of moisture content in the wall will result in continued working, 
with expansion and contraction of the units. 

Cinder-concrete blocks are also manufactured, composed of cinders, cement 
and asbestos fiber binders, J in both solid and hollow units with compressive 
strength of 600 to 1 200 lb per sq in. Greater ease in nailing and nail-holding 
power is claimed for this unit, as well as lighter weight of block, than for the 
usual cinder-concrete unit. 

Gypsum is composed of one part of calcium sulphate and two parts of 
chemically combined water of crystallization, its chemical formula being 
CaSC> 4 * 2 H 2 O. The fire-resisting properties of gypsum are due to the water 
of crystallization, which, when exposed to the action of fire, is slowly liberated. 
The practical significance of this action is that the temperature of mate¬ 
rials protected by gypsum cannot exceed 212° F., until all of the chemically 
combined water has been driven off, which means that a thinner protection 
is required than for most other materials for the same fire-resistive ratings. 
Two processes of manufacture are used for calcining the gypsum rock, the 
kettle process and the rotary-kiln process. Because of this and the 
variation in the chemical constituents of the raw material, the resulting 
product from different plants and locations varies considerably in consistency 
and physical properties. By a recalcination process, a second-settle 
gypsum is produced which possesses greater strength properties. First- 
settle gypsum has been referred to in the trade as stucco and second-settle 
gypsum as structolite. By the addition of accelerators or retarders, the 

• Standard Specifications P-1A-29S, published by Portland Cement Association, 
Chicago, 111. 

f National Building Units Corporation, Philadelphia, Pa. 

X Naflcrete Corooration, New York City, N. Y. 
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time of set of calcined gypsum is controlled for the purposes intended as pro¬ 
vided in Standard Specifications of the American Society for Testing Mate¬ 
rials. Among the various commercial forms for building-construction are 
plasters, wall boards, plaster boards, partition tile, floor filler-block, and 
fireproofing for structural-steel framing. When combined with an aggregate, 
it is employed as a structural material for precast and pourcd-in-place floor 
and roof-construction. These compositions are light in weight, good non¬ 
conductors of heat and possess fire-resisting properties of considerable impor¬ 
tance. The common aggregates include wood shavings or chips, cocoa, 
asbestos fiber, coke breeze, cinders, and sand. With cinder aggregate, the 
product weighs 70 to 80 lb per cu ft, and with wood fiber, from 48 to 60 lb 
per cu ft. The superior fire-resistance is partly offset by the low structural 
strength. Under high temperatures, the material calcines and softens and 
is readily attacked and washed away on the surface by water streams. 

Keene cement is an anhydrous calcined gypsum with an accelerated set, 
used for the base and finish coats of plastering and in Scagliola. After first 
set, it can be retempered and will reset quite as hard and strong as the orig¬ 
inal plaster. It is hard and dense and is particularly adaptable to highly 
decorative plastering work and for sanitary purposes where subject to 
moisture. 

Gypsum wale-boards for use without plastering are manufactured under 
Standard Specification^ C 36-25 of the American Society for Testing Mate¬ 
rials with a nominal thickness of % in, widths of 32, 36 and 48 in, and lengths 
of 4 to 12 ft. For laying with filled joints, the above widths are reduced 
34 in- They weigh from lJ4 to 2 lb per sq ft. 

Gypsum plaster boards are manufactured to conform to A.S.T.M. 
Standards C 37-30 to comply with definite strength requirements in a width 
of 32 in and lengths of 24, 36 or 48 in. The thickness and weights of the 
boards are as follows: 


Thickness, inches 

Weights, lb per sq ft 

Minimum 

Maximum 

M . 


1 5 

Ms. 


1 65 

H. • . 


2.0 

H-.. . . 


3.0 


Gypsum partition tile or block are manufactured under A S.T.M. 
Standards C 52-27, generally in lengths of 30 in and width of 12 in. They 
must have a compressive strength of 75 lb per sq in when tested dry, and 
25 lb per sq in when tested wet. The thickness of blocks and shells are 
given in Table VIII. 

Mortars and Plasters* The relatively fire-proof qualities of mortars and 
plasters have led to much controversy in the past and are still the subject 
of much discussion. Lime mortar for masonry was formerly considered the 
most satisfactory in fire-resistance for use in dry locations, and in recent 
fire-tests, day-brick walls built of it have developed the least amount of 
deflection and distortion. Under load, however, it is defident in strength, 
compared to Portland-cement mortar, and for this reason the latter is 
generally preferred for all brick and tile masonry work. Admixtures of 
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Table VIII. Thickness of Gypsum Tiles and Shells 


Nominal size of tile, 
inches 

Actual thickness, Inches 

Shell th ckness, inches 

Minimum 

Maximum 

Circul ir core 

Elliptical or 
rectangular 
core 

1H (Furring). 

m 

M 



2 (Furring).... 

1 X 

2Vs 



2 . 

2 

2'4 

Solid 

Solid 

2 H. 

m 

2 * 4 . 

X 

Ha 

3. 


3X 

X 

Glo 

4. 

3X 

4 X 

X 

l ?l6 

5. 

4H 

SH 

H 

1 X 

6. 

SH 

6H 

X 

*Me 

8. 

7X 


X 



Note. Tile for furring purposes are secured by splitting 3 or 4-inch cored tiles. 


lime and cement mortar are highly desirable because of their greater work¬ 
ability and appear to give the best results in fire-resistance. Gypsum mor¬ 
tars composed of one part of unfibered gypsum neat plaster and not more 
than three parts of clean, sharp, well-graded sand by weight, possess supe¬ 
rior fire-resistive properties and should always be used for setting precast 
gypsum units and in gypsum construction generally. 

Lime plaster applied on wire lath will withstand a high degree of heat 
without injury, but under the action of water will disintegrate and wash 
away. 

Gypsum plaster in which sand is used should be mixed in the proportion 
of one part of gypsum plaster to not more than two parts of sand by weight 
for the first or scratch coat on wood lath, gypsum lath and metal lath. For 
the scratch or first coat on clay tile, gypsum tile and brick, and for the second 
or browning coat on all the aforementioned bases or backgrounds, the pro¬ 
portion should be one part of plaster to not more than three parts of sand 
by weight. Although sand float finishes and colored finishes for float and 
texture work are quite frequently employed, the finish coat of plaster, regard¬ 
less of the scratch and browning coats, in the majority of cases, is a lime- 
putty finish consisting of one part of gypsum gauging plaster and three parts 
of lime putty by volume, or the white coat consists of one part of lime putty 
and one part of Keene’s cement by volume. Keene’s cement is also used in 
connection with lime plaster for scratch and browning coats. For plastering 
concrete, specially prepared gypsum plaster for concrete surfaces, to which 
water only is added, should be used. These plasters should not be sanded. 
In tests conducted at the Bureau of Standards in Washington on masonry 
construction, it was found that % in of sanded gypsum plaster is the equiva¬ 
lent of % in of neat gypsum plaster and adds from hour to % hour to the 
fire-resistive rating of a masonry assembly for each plastered surface. 

Portland-cement plaster is the equivalent of sanded gypsum plaster in 
fire-resistance. Whenever plaster coats exceed % in in thickness they 
should be reinforced with wire mesh or lath. 

Asbestos Products. Asbestos fiber and Portland cement united under 
heavy hydraulic pressure is manufactured in the form of plain and corrugated 
sheathing; siding and roofing; roof coatings and shingles; wall-boards; 
ibuilding lumber; heat-insulation packing and blocks; theater-curtains; 
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and various fire-resistive compounds, and plasters and stucco for use in 
covering heating equipment. Because of incombustibility, low coefficient 
of expansion, and low heat-conductivity, asbestos products will withstand 
high temperatures without disintegration or loss of strength. In tests for the 
New York Bureaus of Buildings, a single layer of %-in asbestos boards 
attached to wood joist resulted in a J^-hour fire-resistive rating. The prin¬ 
cipal companies manufacturing asbestos building products are: Ambler 
Asbestos Shingle and Sheathing Company, Ambler, Pa., Johns-Manville, 
Inc., New York, N. Y.; Philip Carey Co., Cincinnati, Ohio; Ruberoid 
Company, New York, N. Y.; and Asbestos Mfg. Co., Ltd., LaChine, Canada. 
Asbestos wall-board is successfully used as a fire-resistive protection for 
covering walls and ceilings, in single or double layers, for lining garages, and 
generally where the use of a fire-retardant is desirable. It is manufactured 
in sheets 48 by 48 in to 48 by 96 in, and from to % in thick. 

Asbestos building lumber or “Transite Asbestos Wood” is made in 
standard sheets 36 by 48 in, 42 by 48 in, and 42 by 96 in, varying in thickness 
from }/$ to 2 in, and on special order to 4-in or greater thicknesses. It is 
considerably harder than ordinary wood, but can be manipulated with heavier 
metal-working tools. It can be punched, drilled, or sawed, and is secured 
in place with bolts, nails, or screws. It is sufficiently elastic to withstand 
ordinary vibration, expansion, and contraction due to normal temperature 
changes, and can be formed to easy curvatures without splitting. Sudden 
extreme changes of temperature such as produced by hose-streams on heated 
surfaces may result in cracking 

Asbestos corrugated sheathing is used for both roofing and siding of 
industrial buildings. This is made by the same pressure process as the flat 
boards into a dense, unlaminated, monolithic sheet of great strength and 
rigidity. The corrugations of “Transite” roofing and siding are in 
in over-all height and 4.2 in in pitch. It is manufactured in standard sheets 
42 in wide and 4 to &}/& ft long. It is generally Jfg in thick at ridges and 
valleys and in thick on the slope of the corrugations. It is designed for 
application directly over roof-purlins with a maximum spacing of 5 ft, and 
directly on the girts for siding with a maximum spacing of 6 ft. It is gen¬ 
erally secured with bolts or clips of special design for the specific use. In 
addition to fire-resistive qualities, corrugated asbestos sheathing offers 
high atmospheric resistance without the need for paint preservatives. 

Asbestos roofing-shingles, are approved by the Underwriters’ Labora¬ 
tories as Class A roof-coverings when laid over a layer of asphalt-saturated 
asbestos felt. The advantages claimed in addition to fire-resisting qualities 
are light weight; strength; elasticity; ease of manipulation, cutting, sawing 
and shaping to fit dormer windows, chimneys, etc.; immunity from corrosive 
action of salt air; and general weather-resistance. 

Steel and Iron.* Structural steel and cast iron used in building-construc¬ 
tion conforming with the Standard Specifications of the American Society 
for Testing Materials t will not sustain its design loads at the usual working 
stresses under fire exposure.}: In the temperature range of 480 to 500° F., 
structural steel increases in compressive strength about 25% above normal, 
and in similar degree in tensile strength. Beyond this region, the strength 
decreases until the 800° F. temperature range, when the strength is again 
normal. With further increase of temperature, the strength falls off rapidly. 

• Proceedings, A.S.T.M., Vol. 26, 1926, p. 33. 

t A.S.T.M. Standards A9-29. 

t See Tests of Columns and Column Protectives, Article 6. 
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At a temperature region of 932° F. to 1319° F., the ultimate compressive 
strength is approximately the same as the permissible working stress, and 
the column or structural member is at the point of failure under working 
loads. Cast-iron is subject to approximately the same temperature-strength 
laws, but the increased strength at early temperature rises cannot be utilized 
in design in either material, for it is accompanied by a decrease in elastic 
limit or yield-point. With temperature increases also, there is a falling off 
in coefficient of elasticity of the metal, and all structural-steel and cast-iron 
members must be insulated with a protective coat of the required fire-resistive 
rating as specified under Column and Girder Fireproofing to prevent the 
yield-point of the steel from being exceeded. 

Cold-Drawn Steel.* Because of the effects of the cold working of the 
metal in the process of manufacture, cold-drawn steels develop higher 
ultimate strengths without any definite yield-point in the elastic behavior 
of the metal. This material is frequently used in the form of wire mesh in 
floor-construction and hooping or ties in columns at higher permissible work¬ 
ing stresses than ordinary structural steel. However, the exposure of such 
material to fire at temperatures beyond 1 000° F. removes ail the effects of 
cold working and reduces the steel to the condition of normal structural- 
grade material. The use of increased working stresses should therefore be 
applied with discretion and only when proper insulating coverings are 
provided. 

Robertson Protected Metal is primarily a roofing and siding material for 
industrial buildings, although fabricated in a number of other metal products, 
such as ventilators, hoods and ducts, and wherever protection from rust and 
corrosion in addition to some fire-retardant value is required. The Robert¬ 
son Process is designed to take the place of periodic paint coatings and will 
preserve the steel-sheet core for a life of 10 to 15 years. The process of 
manufacture consists in dipping plain or corrugated steel sheets of Nos. 
18 to 26 gauge in a chemically inert molten asphalt to secure a first or 
steel coating. The coated plate is then covered on both sides with a layer 
of asbestos felt saturated with asphalt under pressure and folded around the 
edges. The pelted sheet is then passed through coating rolls which apply 
an outside bitumen waterproofing cover at a temperature of approximately 
425° F. The sheets are made either flat, corrugated, or V-shaped, and col¬ 
ored with mineral pigments during manufacture to give a permanent red 
color if desired. The manufacture of the material is controlled by the 
H. H. Robertson Company of Pittsburgh, Pa. The Underwriters’ Labora¬ 
tories have approved asphalt asbestos protected sheet steel as a Class A roof¬ 
covering on either combustible or incombustible roof-decks. When fastened 
to structural members the sheets are secured with galvanized iron clips and 
screws, with the two sheets bolted together at laps. 

Full-size fire-tests on this material were conducted by the Factory Mutual 
Laboratories in 1926, as a result of which, approval was granted for the use 
of the Standard Siding and Standard Roofing material in structural* 
steel frames for industrial buildings, when no other combustible material 
occurs in the construction, without automatic sprinkler protection. 

Glass and Wire-Glass. Glass conducts heat about one-hundredth as fast 
as metal, and the change in volume from thermal expansion or contraction 
is very small. Sudden and extreme changes of temperature, however, 
result in fracture of glass. Recent developments in glass manufacture have 


• A.S.T.M. Standards A82-27. 
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demonstrated the possibility of manufacturing annealed glass which will 
absorb heat with low thermal expansion and is capable of withstanding con¬ 
siderable heat shock. Such glass is now in use in optical projecting apparatus. 
The Labor Law of the State of New York requires J^-in plate-glass or wired- 
glass in window-sash of incombustible construction on the fronts of buildings. 
Steel-wire netting incorporated in glass of n thickness or greater increases 
resistance to the passage of flames and to the cooling and impact of hose- 
streams by holding the glass in the sash after it has been cracked from the 
heat, or heated to the temperature of fusion. Wire-glass windows afford 
an effective fire-stop under ordinary conditions of fire exposure. Wire-glass 
is furnished in smooth polished plate, roughened, hammered, or obscured sur¬ 
faces, and in various forms of figured, prism, pyramid and pressed-lens 
effects for the purpose of eliminating direct transmission, reducing glare and 
substituting diffusion or redirection of light. For fire-resistance, the glass 
should be not less than thick, reinforced with wire mesh of No. 24 B and 

5 gauge wire, with mesh not larger than in square. The size of pane 
allowed is governed by underwriters’ requirements * based on the severity 
of the probable fire exposure, but in no case should it be more than 48 in 
in either dimension or exceed 720 sq in in area. Only non-inflammable 
material is allowed in setting the glass in the sash. It is manufactured in 
thicknesses up to in, depending on the type of surface; in widths up to 
48 in, and lengths up to 12 ft, and weighs approximately 2 lb per in in 
thickness. For deck, vault or floor lights, it is furnished in thicknesses of 
% in, widths up to 30 in, and lengths up to 6 ft, in hammered, ribbed, ground, 
or polished plate. The twist of the wire in all styles of wire-glass runs with 
the length of the sheet; in ordering wire-glass, the width should always be 
specified first, as the twist should be set vertically in the sash. 

Corrugated wire-glass for skylights, canopies, marquises or side-wall 
panels is manufactured in sheets 27% in wide and not exceeding 96 in in 
length. Deep-Angle corrugated glass is 2% in center to center and Shal¬ 
low-Angle 2 l % e in center to center of corrugations. In skylight con¬ 
struction, the sheets of glass are laid edge to edge, with J^-in open joints, 
and exterior and interior metal caps or aprons shaped to conform to the cor¬ 
rugations of the glass, and secured together with bolts. The chief manu¬ 
facturers of wire-glass are the Mississippi Wire Glass Co. of New York, 
N. Y.; the Pennsylvania Wire Glass Co. of Philadelphia; the Highland- 
Western Glass Co. of Washington, Pa.; and the Manufacturers’ Glass Co. 
of Chicago, Ill, 

Prism and Structural Glass. Glass prisms or tiles installed for the pur¬ 
poses of diffusing and distributing light in exterior openings, office-partitions 
and skylights are frequently not contained in frames which are designed 
to withstand severe heat. The prism-glass units are usually made 4 in or 

6 in square or in rectangles of 5 in by 7 in, and or in thick. They 
should preferably be set in elastic compounds in rigid cast-iron frames 
embedded in a rigid rib construction of reinforced concrete to complete the 
panel. In Report No. 11 of the Insurance Engineering Experiment Station, 
C. L. Norton describes a series of comparative fire-tests of electroglazed 
Luxfer prisms, 0.35 in thick and 4 in square; electroglazed plate, % in thick 
and 4 in square; and %-in wire-glass. The results of these tests indicate 
that the three materials, in sheets up to 24 by 30 in, are of equal value in 
fire-resistant properties and remain in effective operation up to the time 


See Opening Protectives, Fire-Doors and Fire-Windows, Article 20. 
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when the temperature of melting glass is reached. Prism tiles are furnished 
by the American Three-Way Luxfer Prism Co. of New York and Cicero, Ill. 

During the last decade, the use of prism glass in reinforced-concrete frames 
has been extensively applied in Europe for exterior wall enclosures as well as for 
interior partitions.* Glass prisms of various types and designs manufactured 
by the Siemens Glass Works, Ltd., of Dresden, Germany, have recently been 
introduced in the United States under the trade name structural glass.1* 
(See Fig. 3.) These products include prisms for floor and roof lights, win¬ 
dows, walls and partitions, of solid-section, plain and wired glass, from 1 in 



Fig. 3. “Structural Glass” for Windows, Walls and Partitions 


to 3 in in thickness; hollow blocks 3 in in thickness; vacuum blocks 2 J4 and 
3 in in thickness; and solid brick 2)4 in in thickness. In a series of tests 
conducted for the New York Bureaus of Buildings in September, 1930, four 
different kinds of structural-glass units were erected in the form of panels and 
subjected to the American Standards Fire Test. Each of these panels was 
approximately 6 ft by 6 ft in area, except Panel No. 4, which was approximately 
6 ft by 8 ft. Panel No. 1 was built of solid “ Structural Glass” units (No. 400), 
10 in by 5 in by 2% in in size, laid up in mortar of 1 part of cement to 2 parts 
of sand with Jg in horizontal and vertical joints, with a in expansion joint 
on all sides. Panel No. 2 was built of “Structural Glass” tile (No. 10), 6 in 
by 6 in by 1)4 in in size in a grid frame of reinforced-concrete members and 
expansion-joints on all sides. Panel No. 3 was built of “Structural Glass” 
prism tile (No. 13), 6% in by 10)4 in by 1 in in size, set in individual metal 
forms in a reinforced-concrete grid. The spaces between the tiles were filled 
with a cement mortar producing joints 1 in wide on one face of the panel. 
Panel No. 4 was built of “Structural Glass” hollow block (No. 100 W), 9)4 
in by 4)4 in by 3 in in size, with )'g-in walls reinforced with chicken-wire 
mesh. The horizontal joints were of the mechanical interlocking type and 
were laid up )4 in thick in cement mortar. The vertical joints averaged % in 
in thickness, and an expansion-joint was provided on all sides. (See Fig. 4.) 
After IS minutes of firing, all the glass units were generally cracked in panels 
Nos. 2, 3 and 4, and approximately 14 of the solid brick were filled with min¬ 
ute interior cracks in Panel No. 1. At the end of half an hour, the tempera¬ 
tures on the outside of panels Nos. 2, 3 and 4 had all reached approximately 
1 000° F., and on the solid brick panel No. 1 approximately 300° F., and one- 
half of the brick were still in good condition in this panel. The furnace tem¬ 
perature at this time was 1589° F. In one hour’s time, all of the glass panels 
were still intact except panel No. 1, which had warped inwardly toward the 
fire, leaving a 2-in wide opening at the top through which smoke and fire 
passed freely. The fire was continued for a total period of 1 hour and 2334 
minutes, when the upper third of Panel No. 1 fell inward toward the fiie. 


* A comprehensive article on tfie physical properties of glass, both optical and fire- 
resistive, together with illustrations of its application and use in Europe, is contained in 
Architectural Record for October, 1930. 
t Structural Glass Corporation, 101 Park Avenue, New York City. 
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Application of water at 30-lb pressure punched a hole through Panel No. 3 
after 1 minute of application, but Panels Nos. 2 and 4 withstood the water 
application for the full test requirement of 2% minutes. After half an hour 
of firing, the heat transmitted through the panels was sufficient to cause the 
charring of a wood structure located approximately 4 ft away from the aide 
of the test house containing Panels Nos. 3 and 4, and thereafter this frame 
structure had to be wet down to prevent actual ignition. Panel No. 4 of the 
wired-glass hollow-brick type was apparently in the best condition at the end 
of the.test. The edges of several of the blocks in this panel had begun to fuse 
at the end of the test. The temperature of the furnace had reached approxi¬ 
mately 1 750° F. at this time. The test demonstrated at least equivalent 
fire-resistance to the standard wire-glass construction, normally assumed as 
a one-hour fire-retardant. 

Fire-Retardant Wood. To meet the requirements of the New York Build¬ 
ing Code for elimination of combustibles in the interior trim and finish of 
buildings, several processes have been developed to render wood fire-resistive 
or flame-resistive. This material is generally referred to as fire-proofed wood. 
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Fig. 4 (Continued). Structural Glass for Walls, Partitions and Windows 

Experience has demonstrated that these processed woods have a definite 
application in building-construction for reducing the fire hazard. The effec¬ 
tiveness of so-called fire-proofed wood can be expressed in general terms of 
the percentage of wood consumed under laboratory test conditions of fixed 
temperatures and time of fire application as 90 per cent for untreated soft 
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woods, 50 per cent for hard woods and 20 per cent or less for efficient com¬ 
mercially treated woods. The processing of wood to make it fire-resistive 
raises the ignition-point and so renders the material less likely to ignite when 
subjected to flame or intense heat; the wood substance carbonizes without 
sustaining flame and tends to prevent the transmission of flame and fire to 
adjoining units of the structure and its contents. 

Among the disadvantages cited against fire-retardant wood is the increased 
difficulty in working the wood because of a tendency of the included salts to 
dull wood-working tools. This necessitates the use of special heat-treated 
steels in milling and increased cost in manufacturing trim. Some of the 
processes involve the use of salts which are hydroscopic in character and which 
tend to keep the woodwork damp and destroy varnish finishes as well as cor¬ 
rode hardware and other metal work in contact with the wood. Improper 
processing of the wood also has a tendency to affect the cell structure and 
make the wood brittle. By proper preparatory drying of the wood and selec¬ 
tion of the material best adapted to treatment, and with the use of the proper 
admixture of chemical salts, these defects can be largely overcome. As the 
wood is impregnated under pressure far in excess of 250 lb per sq in, and even 
as high as 1 000 lb per sq in in dense wood structures, a thorough control of 
the process is essential at all stages. Moreover, the wood must be heated 
uniformly without distortion and without destroying the cell structure or 
discoloring the wood. The perfection with which these ends are attained 
accounts for a wide range in the cost of available commercial processes, but 
only the most carefully controlled treatments can be recommended for effec¬ 
tive and dependable construction material. 

The fire-retardance of wood is effected by injecting chemicals of various 
kinds into the cellular structure with equipment similar to that used for 
vacuum pressure preservative treatments of timber. The wood must be 
thoroughly dried as required for cabinet work and each charge of wood selected 
for similarity of specific weight and density, general wood structure and 
especially uniform moisture content, to be efficiently treated in any one 
impregnation. There are in general three classes of chemicals employed in 
the treatment: those which give off incombustible gases when decomposed 
by heat; those which fuse under heat and cover the wood fibers with a pro¬ 
tective coating, and those which reduce flammability by releasing sufficient 
water of crystallization to saturate the wood with moisture. The treatment 
of the wood increases the weight from 15 to 20%, depending on the amount 
of salts deposited in the cellular structures. Permanence of the treatment 
for rendering the wood fire-resistant has been attested by investigations of 
the U. S. War Department on processed wood removed from the torpedo 
boat "Winslow” and by a series of tests conducted on samples selected from 
buildings in New York City after 20 to 30 years' use by Mr. Ernest F. Hart¬ 
man* in cooperation with the officials of the New York Bureau of Buildings. 

In New York City, the use of fire-retardant wood for interior-trim pur¬ 
poses is controlled by check tests made on samples of the material selected 
by a representative of the Bureau of Buildings after delivery at the job. A 
representative set of samples is taken from each shipment and subjected to 
Shavings, Timber and Crib Tests as defined in rules of the Board of Stand¬ 
ards and Appeals, t If the tests are not satisfactory, the entire shipment is 
condemned. During late years, with improvements in the details of com¬ 
mercial processes, the use of fire-retarded wood has been extended to the 

* Protexol Corporation, Kenilworth, N J. 

t Bulletin Board of Standards and Appeals, New York City, July 12, 1927 
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safeguarding of temporary structures and staging such as construction-scaf¬ 
folding and hoist-towers on high buildings and more recently to assemblies of 
wood for partitions and doors in building-construction. To meet this com¬ 
mercial expansion a new method of test has been developed at the Forest 
Products Laboratory of the U. S. Department of Agriculture, known as the 
Fire Tube Test. The purpose of this test is to provide an accurate measure 
of the loss in weight and increase in temperature resulting from combustion 
of a specimen of uniform dimensions. With improvements in details of the 
method of procedure and construction of test-apparatus, the Fire Tube Test 
promises to provide an accurate method of measuring the effectiveness of the 
treatment of the wood for fire-resistance.* 

Fl&impruf Wood. In the application of fire-retardant wood to a more 
extended field, a product known as “Flaimpruf Wood” has been developed 
in the last five years for use in partitions, wainscoting, bank and hospital 
equipment, fire-safe furniture and filing cabinets and especially for doors and 
opening protectives where low heat-conductivity and barriers to flame and 
smoke are desirable from the viewpoint of safety to life.f This treatment 
has been successfully applied to all the common woods used in decorative 
treatment of buildings, including walnut, birch, red oak, maple, whitewood, 
basswood, pine, spruce and fir, in stock up to 3 in in thickness. In this process, 
the natural moisture content of the wood is uniformly reduced before impreg¬ 
nation to about 7% by combined air and kiln drying. After treatment 
^Flaimpruf Wood” is again very slowly dried in especially equipped dry- 
kilns to reduce its moisture content to 7% and the pores are sealed against 
further absorption of moisture. Careful check weights are maintained 
throughout the process so that the degree of treatment is thoroughly con¬ 
trolled and the treatment docs not interfere with grain, structure or color of 
the wood. The chemicals used are inactive to moisture, the wood can be 
glued as effectively as untreated material, the applied finishes last as long as 
those on untreated wood, and the treatment for interior uses unexposed to 
the weather is claimed to be as permanent as unprocessed wood. "Flaim- 
pruf ” can also be manufactured for exterior use by properly sealing the pores 
with a water-repellent after the fire-retarding process. 

Fire-Retardant Paint Numerous so-called fire-proof paints have 
been introduced in recent years. When applied to woodwork they provide 
a more or less effective protection against fire, and may, for this reason, 
prevent the spread of local sources of fire, such as burning cigarettes or 
matches. Ordinary calcimines or whitewash have proved in tests to be as 
effective as any of the trade paints tried. The following regulations regard¬ 
ing fire-proof paint were given in the annual report of the Manhattan Bureau 
of Buildings, New York, for 1904. 

“(1) The term fire-proof paint shall be understood to mean any prep¬ 
aration used to cover the surfaces of wood or other materials for the purpose 
of protecting the same against ignition. 

” (2) No fire-proof paint will be considered satisfactory unless it so protects 
the wood or other material to which it is applied that the same will not 
flame or glow after having been subjected to the flame of a gasoline torch 
for two minutes. 

“ (3) Before applying fire-proof paint to any material the surfaces must be 
cleaned. 


• Report Committee C-5, A.S.T.M., 1930. 
f Henry Klein & Co. f 40 West 23d Street, New York City. 
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*' (4) Application of lirc-proof paint must be repeated whenever it is 
found that the material to which it is applied is no longer protected to fulfil 
Specification No. 2.” 


6* Column, Truss and Girder Assemblies 

General Requirements. As the columns, trusses and girders form the 
backbone of the structure, it is vitally important that they be so constructed 
that in a complete burnout of the contents of the building there will be no 
structural collapse. Iron and steel as well as reinforced-concrete columns 
must be protected to maintain the temperature of the structural or load* 
bearing core within safe limits.* Unprotected cast-iron columns and steel 
columns were tested in 1896 by a committee of the American Society of 
Mechanical Engineers, in cooperation with other organizations, in full-size 
specimens loaded to their rated safe-load capacities. These tests showed 
that unprotected steel columns failed at an average temperature of 1 150° F. # 
and the cast-iron columns at an average temperature of 1 300° F. Failure 
occurred after an exposure of from 23 minutes to 1 hour and 20 minutes 
of fire. For some years thereafter practice in the protection of structural 
columns was based primarily on small-size tests of the insulating prop¬ 
erties of the common protective materials, basing the requirement for 
thickness of protection on the ability of the covering material to keep the 
temperature of the steel within 550° F. 

Fire-Tests of Building Columns. Investigation of the ultimate fire- 
rcsistance of representative types of building columns under their full rated 
loads, both protected and unprotected, was undertaken in 1917 by three 
cooperating organizations, the Associated Factory Mutual Fire Insurance 
Companies, the National Board of Fire Underwriters and the U. S. Bureau 
of Standards.f The testing authorities assigned a fire-resistive rating to 
the various types of columns and protective coatings equal to approximately 
two-thirds of the ultimate resistance periods, thus allowing for a factor of 
safety of lj£. The conditions under which controlled time-temperature 
fire-tests are conducted are unusually severe as compared to the average 
severity of building fires. Under the procedure established by the Amer¬ 
ican Standards A2-1926,J the test period during which the assembly will 
still perform its function is reported as the fire-resistive rating of the mate¬ 
rial or assembly, and it is this period upon which building codes are generally 
based. It is felt that either the required performance periods for different 
units of building-construction should be reduced, or a smaller factor than 
should be applied to the ultimate test-periods. In Table IX, the average 
time to failure of the various types of columns and protectives has been deduced 
from a study of the available test data of ultimate periods. The time periods 
indicated in the tables are the rated periods or fire-resistive ratings generally 
assumed in building codes. These 1917-1919 tests included a total of 106 col¬ 
umn sections covering practically all the types employed in general building 
practice. Since the above tests, a series of 60 typical reinforced-concrete column 
fire-tests conducted at the U. S. Bureau of Standards* Pittsburgh Laboratory 

* See Steel and Iron, Article 5. 

t Fire Tests of Building Columns. Copies of the complete report can be secured fron. 
the Associated Factory Mutual Fire Insurance Companies, 31 Milk St., Boston, Mast.; 
or the Underwriters’ Laboratories, 207 East Ohio Street, Chicago, Ill. Also Technical 
Paper 184, U. S. Bureau of Standards. 

t See Fire-Resistive Classification of Material, Article 1. 
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Table IX. Minimum Protective Column Coverings 


Type of column 

Description of protection 

Fire- 

resistive 

rating, 

hours 

Structural steel . 

Unprotected . . 

X 

Cast iron 

Unprotected 

Vi 

Cast iron, cone, fill . . 

Unprotected outside 

H 

Steel pipe, cone, fill. . 

Unprotected outside . . . 

3 2 

Steel pipe, cone, fill . 

Interior reinforcement .. . 

1 

Struct, steel, cone, fill 

Unprotected outside 

1 

Structural steel 

1 layer Portland cement or gypsum mortar 



on metal lath 

1 

Structural steel . 

2 layers Portland cement or gypsum mor- 



tar on metal lath with air-space 

2 

Structural steel . . 

2-in poured gypsum reinforced 

4 

Structural steel 

3-in poured gypsum reinforced 

5 

Structural steel . 

2-in siliceous aggregate concrete, reinforce . 

2 

Structural steel. 

2-in trap or cinder aggregate concrete 

4 

Structural steel 

2-in limestone aggregate concrete 

6 

Structural steel . 

3-in siliceous aggregate concrete, reinforce ' 

3 

Structural steel 

3-in trap or cinder aggregate concrete 

<5 

Structural steel . 

3-in limestone aggregate . 

7 

Structural steel.. 

4-in siliceous gravel concrete, reinforced . 

4 

Structural steel . 

4-in trap or cinder aggregate concrete . . 

m 

Structural steel . 

4-in limestone aggregate concrete . . 

8 

Structural steel . 

2J^-in clay or concrete brick... 

2 

Structural steel.. 

in clay or concrete brick. 

4 

Structural steel . 

2-in solid or 3-in hollow structural clay 
tile outside metal ties and mortar joints 



between tile and steel (shells 1 in thick) 

4 

Structural steel.. . 

4-in hollow clay tile with 1-in walls and 
webs outside metal ties; minimum of 



2 l /2 in solid material. 

4 

Structural steel.. 

Double covering of 2 in solid or 3 in hollow 



clay tile metal ties or mesh in joints.... 

5 

Structural steel. 

2-in solid or 3-in hollow gypsum blocks. 

3 

Structural steel . 

3-in solid or 3-in hollow gypsum blocks. 



plastered. 

4 

Structural steel . . 

4-m solid or hollow gypsum block... . 

5 

Reinforced concrete 

2-in integral siliceous gravel concrete . .. 

4 

Reinforced concrete . 

2-in integral trap-rock concrete . . 

6 

Reinforced concrete 

2-in integral limestone concrete.. . 

8 


Note. Poured gypsum, block or tile coverings, and the lower grades of concrete 
applied to structural-steel columns require the use of metal ties or reinforcement. Such 
reinforcement must consist of at least No. 10 gauge wire with a spacing or pitch of 6 in, 
or wire mesh, weighing not less than V/ 2 lb per sq yd, with a mesh opening not exceeding 
4 in by 4 in. 

were reported in a publication,* covering various types of aggregates and thick¬ 
ness of protection. Several other programs have been carried out at the Bureau 
of Standards on special problems of protection of structural-steel sections, 
including the use of various types of solid and hollow gypsum blocks; some of 
these investigations are still in progress and have not yet been reported. In 

* Technological Paper No. 272. 
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both the Chicago and Pittsburgh tests, temperature observations were made 
at various distances beneath the surface of the column protection, to deter* 
mine the rate of heat-penetration. 

Application to Trusses and Girders. The required protective coatings for 
truss members and girders are of almost equal importance with those for 
columns. Since these members are mainly in horizontal positions, they 
may be affected in larger degree by fire conditions and be more subject to 
rupture by expansion with resulting cracking and spalling. Unless properly 
protected,^ the expansion of a steel truss or built-up girder supporting several 



stories of a building may cause secondary failure of the columns which it 
supports or by which it is supported. In general, however, the quality and 
dimensions required for column protections are usually applied to these 
members. 

The projecting flanges of beams and girders are subject if anything to more 
serious fire effects than the columns, particularly when projecting below 
the general ceiling-line. For this reason, the fireproofing of girders and 
trusses is considered in conjunction with column protections. The close 
relation between these assemblies is especially of importance in preserving 
the integrity of any one. Unless the column-protection is continuous and 
interlocked with the girder and floor fireproofing, any one or all of these 
members may fail under fire attack. This is particularly true at connections 
of girders to columns, where the efficiency of the protective coat may be lost 
by failure to provide the necessary covering. The edges of lugs, brackets 
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and ends of flanges, however, are not required to be covered with the full 
thickness of material required on the body of the section, and are usually 
permitted to project to within one inch of the outside of the fireproofing coat. 

Brick Protection. Four-inch brick protection on interior columns will 
provide all the necessary fire-resistance for most occupancies and results in a 
rigid construction of great strength and stability that will not easily be dam¬ 
aged in warehouse spaces devoted to trucking or heavy manufacturing uses. 
This construction, however, is not common on interior columns in modern 
buildings, owing to its weight and cost. On exterior columns, brick pro¬ 
tection is quite common, and most building codes require a minimum covering 
of S in on the outside and 4 in on the inside faces, which is ample to meet 
the fire-resistive requirements for all occupancy hazards as well as exterior 
fire exposure. As a protection against corrosion, however, the steel columns 



Fig. 6. Structural Clay Tile 

should be parged with cement mortar or “ Gunited” with a J^-in protective 
coat. Corrosion of the steel Z-bar and plate exterior columns of a structural- 
steel frame, after 15 years of service, caused the formation of a to J'jJ-in 
scale of rust to form and resulted in the splitting of the 4-in brick encase¬ 
ment. This defect appeared, however, only on the walls subject to the 




4"X12"X12" 
Round Corner 
Column Covering 
3 cell 

Wt. Approx. 16 lb 


3'X 12 'X 12" 
Round Corner 
Column Covering 
3 cell 

Wt. Approx. 15 lb 


3" Round Column 
Covering 3 cell 
Wt. Approx. 15 lb 


4" Round Column 
Covering 3 cell 
Wt. Approx. 16 lb 


Fig. 7. Column Covering 


Fig. 8. Round Column Covering 


driving wind and rain-storms from the Northeast, which is the prevailing 
direction of storms where the building is located. 

Structural Clay-Tile Protection. By reason of light weight combined 
with structural strength and ease of handling, structural clay-tile is 
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well adapted to this use. The units for fireproofing of columns and girders 
are manufactured in various shapes and sizes. In special cases, structural 
drawings should be submitted to the manufacturers for estimates and prices. 
The simplest form of structural clay-tile column-protection is the partition- 
tile, rectangular in form. Sometimes these tiles are rounded on one corner 



Fig 11. Double-tile and Metal-lath Column-Protection 


as shown in Fig. 7. For round columns, a special form of radial tile is used. 
Fig. 8. Under the rigid requirements of the New York Code, and on the 
information developed in column tests, the standard partition-tile docs not 
contain a sufficient thickness of solid clay for fireproofing,* and Fig. 6 shows 
three types of protecting tile widely used in New York City and the East 
generally. For a four-hour protection, at least 

0 5Miier 23 ^ in of solid material are required outside of the 
steel face. The entire height of column or length 
of girder must be solidly encased in the protecting 
coat. The column-covering must start on the 
floor-construction proper and not on the top fill or 
the finished wood flooring, and should be carried 
to the underside of the floor-construction of the 
upper story with a full mortar joint at top and 
bottom. Where there is a difference in level between 
tops of beams and top of floor-construction, a level 
base should be provided for the base course with 
slabs of broken tile laid in cement mortar. Block: 
or tile protection should be secured with No. 10 
~ gauge wire spaced not over 6 in on centers, or 

L t'r . G «der Protected U-shaped clips of No. 16 gauge strap iron slipped 

One-piece°Filler >eS over , *ke °f abutting blocks in each course, 

or with wire mesh not more than 4 in by 4 in in size 
and not less than No. 14 gauge wires. Figs. 9 and 10 show common methods 
of protecting rectangular sections. Similar coverings are provided for cylindrical 
sections. Clay-tile fireproofing should generally be erected with the ceils 
vertical, although horizontal fillers may be employed where necessary to 

* See Table IX. 
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the metal faces of the column are filled with cement mortar. Steel guards 
of °r %-in metal are sometimes provided, to a height of 5 or 6 ft from 
the floor, in garage spaces, mercantile and factory buildings to protect the 
fireproofing from injury. This covering can be welded into a tight-fitting 
jacket flush with the face of the finished plastering or exterior surface of the 



2 Soffit 
Beveled 2 Ends 


Fig. 16. Illustrating Method of Protecting Double Beams Supporting End-con¬ 
struction Flat-arch Floor with Side-construction Skews 

column assembly. Figs. 31 and 36 show the general arrangement of typical 
exterior columns and the relation to outside wall face. 

Standard shapes of beam and girder structural clay-tile protection are 
carried in stock and schedules are furnished by the manufacturers for all 



Fig. 17. Illustrating Method of Protecting Double Beams Supporting End-con¬ 
struction Flat-arch Floor with End-construction Skews 

sizes and shapes of tile clips and fillers required by the structural-steel design. 
Figs. 12, 13, 14, and 15 show several common methods employed with clay- 
tile protections. In these applications, the shoe tile encases the lower 
flange and is held in place by the web fillers. On very wide flanges, the tile 
soffit is held by metal clips, as shown in Fig. 20. 
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Table X. Standard Clip and Angle Tile 

—B-1 1—3- 



Standard 

Clip 

and 

Angle 

Tile 


imi 

\+D+ 


Note Clips and angles are 12 in long. A percentage of halves is shipped 
with each order. 


Die 

No. 

Approx. 

sq ft 
outside 
measure 

G20 

.65 

G25 

.70 

G30 

.75 

G35 

.80 

G40 

.85 

G45 

.90 

G46 

.95 

G50 

.95 

G55 






Other typical clay-tile beam-protections 
used in conjuction with structural clay-tile 
floors are shown in Figs. 16 and 17. If a 
girder, a strut, or truss member is exposed 
on all sides, it is protected as shown in 
Fig. 18. All clay-tile fire-proofing is sold 
on the basis of square feet of superficial 
area. Table X gives the dimensions of 
flange clips and angle tiles required 
for varying widths of flanges. 

The protection of trusses is accom¬ 
plished in the same manner as that of 
columns and girders, each member being 
completely encased in unit tiles, each tile 
being secured in place by clamps or ties 
or wire wrapping. Fig. 19 shows some 
of the units employed for this purpose in 
addition to the standard partition, angle 
and clip tiles and soffit pieces. 



mWM 

X 

2} a 


3 

X 

34 

l 
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1 

44 

1 

44 

14 
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54 

14 
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14 

7 

14 

74 

24 1 

8 

24 

2 

3 

2 

64 

4 

3 
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.Shoe Tile 

WSmm. m 



Fig. 18. Method of Fire-proofing 
Girders Exposed on All Sides 
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Gypsum Column-Protection. The prime function of the fire protective 
coat applied to structural steel is to insulate the steel against an increase in 
temperature above the 800° F. temperature range, and the material used 
must not expand or contract unduly. It should also be light in weight, 
readily adaptable to building conditions and be reasonable in cost. Gypsum 
fireproofing for steel beams, girders, columns and trusses is either poured- 




SECTION OF STRUT 


SECTION OF BRACINQ 


Fig. 19. Tile Protection for Members of Steel Trusses 


in-place or precast. When poured-in-place, the structural member is 
wrapped with wire ties or mesh and fireproofed with gypsum fibered con¬ 
crete. The common mix employed is 87^% of gypsum and 12^% of 
wood chips. The wrapping should consist of wire fabric of No. 14 gauge 
.wires and 4-in by 4-in mesh. Precast fireproofing for columns consists of 
solid or hollow-gypsum partition-tile, Fig. 21. It is furnished in the standard 



Fig. 20. Method of Using Tile Fire-proof¬ 
ing with Long-span Concrete-joist Floor- 
construction. Note that the covering is 
put io place before the floor is poured and 
that the concrete of the joist fills the cells 
of the tile and bears directly on the flange 
of the beam. 



Fig. 21. Gypsum Partition-tile tqt 
Fire-proofing 


12-in by 30-in unit, * which can be quickly and easily cut or sawed to fit dif¬ 
ficult corners or angles and slight curves. 

Beam, girder and truss precast fireproofing consists of 2-in gypsum shoe 
tile or angle and soffit tile for lower flanges. Gypsum partition-tile are 
used as side covers for webs. The size of shoe tiles for various flange 
widths are shown in Table XI, and are mounted in a double unit, 18 in long. 
Soffit tile is specially molded at the mill of the proper width for each size 

* See Gypsum Partition Blocks, Article 5. 
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Table XI. Gypsum Shoe and Soffit Tile 
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flange, with the reinforcement straps embedded. For deep girders, these 
are used in combination with angle tile. Soffit protection can also, be cut 
from ordinary hollow partition-tile on the job and secured in place with pipe 
straps. 

Tests were conducted at the Bureau of Standards at Washington, D. C , 
in 1930, of both 2-in poured and 3-in precast gypsum protections on columns 
under their rated loads, which developed approximately seven-hour and five- 
hour resistance periods, respectively. In both tests, the fireproofing was 
plastered with Yi in of sanded gypsum plaster.* 

Concrete Protection. The relative values of various concretes have 
already been discussed. (See Table IX.) In general it is advisable in all cases 
to reinforce the protecting layer by means of wire ties or wire.mesh as herein 
discussed for all poured-in-place plastic coats. Effective wrapping of reinforce- 



Fig. 22. Concrete Column-protection Fig. 23. Concrete Column-protection 
and Wooden Form and Wooden Form 


ment can be secured either with a No. 14 gauge wire mesh, size of mesh not to 
exceed 4 in by 4 in, or No. 10 gauge spirals with a pitch of not over 6 in. In the 
Midwestern States, effective results are also secured with concrete made from 
burned-day aggregates such as “ Haydite.” t Figs. 22 and 23 show the effective 
encasement of the steel section secured with poured concrete. The lighter 
weight and more insulating concretes are preferable for this purpose, and very 
effident results have been secured with 1:2:5 cinder concrete in New 
York City. Wood forms should be placed the full length of the column and 
the concrete be poured through a hole in the floor-construction to insure the 
continuity of the protection. 

Concrete-block units for fireproofing structural steel must incorporate, 
In the cross-section, the same amount of concrete as required in Table IX 
for solid concrete brick fireproofing, that is not less than 3^£ in for three- and 

• See Mortars and Plasters, Article 5. 
f See Haydite, Article 5 
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four-hour protection. In a single-cell block, the webs may be 1% in thick 

Securely Anchored and Locked to the 
Beam Flange 

Extends Out into the Corners of the 
Soffits 

Projects below the Beam Flange, Al¬ 
lowing the Conciete to Flow Freely 
Is Entirely Clear of the Bottom of 
the Beam 

Is Definitely Offset from the Beam 
at a Fixed Distance 

Is Continuously Interlocked 

Automatically Spaces Itself on the 
Beam at the Proper Distance 
Is Alternately Spaced on the Beam 

__/q\ Allows the Concrete to 
' 3 / Flow Freely. There is 
Nothing to Obstruct It * 


\ Is Delivered Collapsible 
' and It is Easy to Handle 
and Apply 


Fig. 24. Beam Wrapping 

and in a double-cell block \}/£ in thick. The same methods of installation 
must be followed as for clay or gypsum unit construction. 

Beam and GiRDER-protection 
can be more thoroughly ac¬ 
complished with the use of 
concrete, particularly at in¬ 
accessible places such as con¬ 
nections of girders to columns, 
than with any precast unit 
construction. Around the lower 
flanges, reinforcement in the 
form of mesh or especially 
designed expanded clips (see 
Figs. 24 and 25) should be used 
to protect the projecting edges 
from injury and destruction. 

Precast concrete units in the 
form of sofiit pieces are also 
manufactured with the hangers 
or damp precast in a shop- 
made unit and have proved 
advantageous in the protection 
of steel girders. By allowing 
an insulated air-space of % to 
1 in between steel and fire¬ 
proofing, the temperature of 
the entire protected section 
remains uniform and no unequal 
expansion-stresses are produced 
in the section. Provided suffi¬ 
cient protection is installed to 
maintain the temperature below 800° F., no deflection will result due to 


N©4-U/ 



Fig. 25. Beam Wrapping 
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heat effects. A fire-test of this form of protection in the Butterick Building, 
New York City, thoroughly established its efficiency. 

Metal Lath and Plaster. This protection serves for fire-resistive rat¬ 
ings of not more than one-hour to two-hour time-temperature performance. 



c =E L . . = Z= i 

Elevation of Clip 



Fig. 26. One-hour Column 
Protection 


Fig. 27. Two-hour Column 
Protection 


For lighter occupancy hazards or for the intermediate class of construc¬ 
tion, in which one-hour floor-construction may be acceptable for multistory 
dwellings and similar uses up to a limiting height of 80 to 90 ft, the single 
layer of No. 24 gauge metal lath weighing 3.4 lb per sq yd or No. 18 gauge 
%-in mesh wire lath, supported at a distance of % in from the structural 



Fig. 28. Metal-lath and Plaster Column Protection 

section on steel furring (see Fig. 26), protected with one %-in layer of sanded 
gypsum * or Portland-cemcnt mortar, will fulfil the requirements for all 
normal fire exposure. A double layer of reinforcement separated by a J^-in 
air-space and two plaster casts as shown in Fig. 27, reduces to a minimum 
the danger of the entire protection being demolished by hose-streams, and 
* See Mortars and Plasters, Article 5 
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under time-temperature performance results in a two-hour fire-resistive rating. 
Similar protections are also applicable to beams, girders and members of 
trusses, as shown in Fig 20. 


Suspended metal-lath and plaster ceilings are not however generally 
recommended for the protection of main girders. On secondary-floor 
members * this practice is permissible when the area thus protected is limited 
in extent and is enclosed on all limiting 
sides by girders thoroughly encased in 
orotective materials or by other bulkheads 
to reduce the possibility of heat and 
flames being transmitted through to the 
main structural members of the building. 

In severe fires, the experience has been 
that such ceilings are likely to collapse or 
be broken down at some one point, thereby 
destroying any advantage that the pro¬ 
tection may otherwise have afForded. In¬ 
dividual members of trusses can also be 
protected with metal lath furred away 
from the steel sections with %-m pencil Fig. 29. Two-hour Beam Protection 
rods or %-in steel channels wired to the 

members with No. 18 gauge wire and covered with 3.0-lb metal lath and 
% in of neat gypsum plaster or 1 in of sanded plaster or Portland-cement mor- 

tar.f This protection affords 




a one-hour fire-resistive rating 
and is satisfactory for second¬ 
ary trusses or those not sup¬ 
porting columns or other im¬ 
portant members of the struc¬ 
ture. For roof-trusses a 
metal-lath and plaster ceiling 
continuously applied and sus¬ 
pended from the lower chord 
of the truss is suitable for a 
fire-retarded construction of 
one-hour rating, particularly 
if the truss is at a sufficient 
height to preserve the ceiling 
from mechanical injury. 
Roof-trusses located more 
than 20 ft above the floor and 
thus protected are generally 
installed without fireproofing 
on the roof-purlins and with 
a sub-standard roof-deck.? 

Provision for Recesses and 
Pipe Chaises. A practice in 


construction methods that is 


Fig. 30. Typical Pipe-Shaft, Interior Column, subject to the most serious 
40 Wall Street, New York City condemnation still persists* 


* See Metal Joist Floors, Structural Platform Slabs, Article 7, also Table XVI. 
t See Plaster and Mortar, Article 5. 

1 See Roofs, Article 10. 
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although attention has been dhected to it by failures in many fires and in 
the literature on the subject. To effect economy in first cost and space, build¬ 
ers frequently locate pipe and vent-spaces alongside both interior and exterior 
columns within the protective encasement. Correct methods of installing 
such piping and vent-ducts are shown in Figs. 30 and 31. Fig. 5 also indi¬ 
cates how heating risers and returns for the radiators should be installed with 
expansion-elbows so located as not to injure the girder-protection. 

Columns should always be fireproofed independently of ducts or shafts. 
The piping, conduits and duct risers should be installed outside the column- 




Fig. 32. Spandrel Section 
Figs. 31 and 32. Bank of Manhattan, N. Y. C. 

covering with a 3- or 4-in approved fire-resistive partition between the column 
and pipe space. 

The spandrel sections shown in Figs. 32 and 33 incidentally indicate meth¬ 
ods of overcoming a defect that is more or less prevalent in modern skeleton- 
frame construction. Because of the gradual reduction in thickness of exterior 
walls and the use of hollow-tile construction, wind-driven rain and moisture 
enter the structure through the face brick and mortar joints. The result 
Is the formation of water-pockets which eventually make contact with ceil¬ 
ing and wall plaster. This condition is especially aggravated at all set-backs 
and where horizontal planes and breaks in the structure serve to collect the 
water. The most vulnerable point of entry is where spandrel beams occur 











Fig. 34. Section through Outside Wall 

building. (See Fig. 35.) The metals now used in place of the former cast- 
iron veneers are aluminum and non-corroding steel alloys. This type of 
covering properly installed with expansion diaphragms and joints eliminates 
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35. Section through Spandrel, Empire State Building 
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the necessity for membrane waterproofing around the spandrel beams, and 
when backed up with 8 in of approved masonry results in an effective treat¬ 
ment both for appearance and efficiency. 

Isolation of Column-Covering. To safeguard the column-covering, sub¬ 
dividing room partitions of a temporary nature should never be incorporated 
in the protective enclosure, but 
should be separately erected and 
anchored to the covering by metal 
ties, hooks or metal bands, cut into 
the mortar-joints or anchored as 
required. Permanent partition or 
division walls such as stair or eleva¬ 
tor-enclosures may be directly in¬ 
corporated or interlocked with the 
column-protection, as removal or 
disturbance of such assemblies is 
not likely. 


7. Fire-Resistive Floor- 
Construction 

Fire-Resistive Floors. In the 

study of fireproofing-materials by 
far the greatest attention has been 
given to floor-construction; and 
of the very large number of types 
which have been developed, the 
characteristic and leading ones are 
here considered. 

Requirements for a Fire-Resis¬ 
tive Floor. It goes without saying 
that a fire-resistive floor must be 
made of incombustible materials. 

It seems unnecessary, also, to men¬ 
tion that it must resist as much as 
possible the transmission of heat, 
so as to affod thorough protection 
to the metal incased by it or forming 
an essential part of it. The mate¬ 
rials used should not disintegrate or 
otherwise fail when exposed to heat or flame. They should also resist the 
action of water that may be used to extinguish a fire. The floor-construction 
should be essentially water-tight, so as to prevent damage by water in stories 
below. It should be designed to safely carry its load at all times. The New 
York City Building Code describes certain acceptable forms of fire-proof floors, 
but also provides for the acceptance of other forms which successfully meet 
the prescribed fire and strength tests. Fully 100 tests have been made under 
the auspices of the New York City authorities and these, together with a few 
made by the authorities of other cities, comprise practically all that have been 
made in this country. The British Fire-Prevention Committee of London 
has also made a number of such tests. * Of the New York tests, approximately 

* For a list of these tests made in the United States and in London, see Proc. A.S.T.M* 
Vol VI, page 128. 



Fig. 37. Section through Spandrel, 40 
Wall St., New York City 
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one-half the number have been conducted at the Columbia University Fire- 
Testing Station, Greenpoint, N. Y., in a test house constructed of 12-in 
1:2:5 cinder-concrete walls. This construction has withstood fully 200 
hours of 1 700° fire tests and is still intact. 

Fire-Tests for Floors. The American Standards pire-test* is less severe 
than that required by the New York City Building Code, and the one used by 
the British Fire-Prevention Committee. Briefly, the New York test consists 
in subjecting the floor in question, carrying a load of 150 lb per sq ft, to a fire 
maintained at 1 700° F. for four hours; and then in applying a stream of 
water, at 60-lb nozzle-pressure, for ten minutes, the floor being considered 
satisfactory if there has been no appreciable deterioration due to the test 
and if it has resisted the passage of flames during the test, and will subsequently 
support four times the design live load. 

Types of Floor-Constructions. In considering the several systems of floor- 
construction, they are for convenience divided into the following types or 
groups: 

(1) Brick arches, 

(2) Structural clay-tile floors: 

a. Segmental, 

b. Flat-end construction, 

c. Flat combination construction, 

d. Reinforced-tile arches, 

e. Guastavino, 

(3) Concrete floors: 

a. Segmental, 

b. Flat reinforced floors, 

c . Sectional systems, 

(4) Gypsum floors, 

(5) Steel joist-construction, 

(6) Special metal floors. 

Brick Floor-Arches. The first attempt at fire-proof floor-construction 
between wrought-iron beams was made by using brick arches sprung between 



the beams and resting on the bottom flanges, as illustrated by Fig. 38. When 
this form of construction is used the bricks should be hard, well-burned bricks, 
or hollow bricks of good shape, laid to a line on centers without mortar, with 
their lower edges touching; and all the joints should be filled in with cement 
grout. The bricks of one line should break joints with those of the next 


♦ See Year Book, A S.T.M. 
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adjoining, and in case there is more than one row, the joints of one row should 
also break joints with those of the row above or below. The arches need not 
be over 4 in thick for spans between 6 and 8 ft, provided the haunches are 
filled with a good cement and gravel concrete, put in rather wet. The rise of 
the arch should be about one-eighth the span, or 1 Yi in to the foot; and the 
most desirable span is between 4 and 6 ft. The building laws of many cities 
provide that when the spans exceed 5 ft the arches must be increased in thick¬ 
ness, generally to 8 in. The haunches should be filled with concrete, level 
with the top of the arch. In first-class fire-proof construction the bottom 
flanges of the beams should be protected by structural clay-tile fireproofing, as 
in Fig. 39 which shows the construction used for the floors of the principal 
stories of the Government Printing Office at Washington, D. C. A 4-in 
brick arch of 6-ft span, well grouted and leveled off with Portland-cement 



Fig 39 Brick Floor-arch. Government Printing Office, Washington, D. C. 

concrete, should safely carry 300 or 400 lb to the square foot. Experiments 
have shown that brick arches will stand very severe pounding and a great 
amount of deflection without failure. The weight of a floor, such as is 
shown in Fig. 38, is about 40 lb per sq ft, without the concrete fill or finish. 
Tie-rods should always be provided. The brick arch is the strongest type 
of arch for the span it occupies, with the exception, perhaps, of the stone-con¬ 
crete arch. It is perhaps, also, the most expensive. Its weight necessitates a 
heavier framework than is required for other types; and, on account of its 
appearance, it is adapted only to buildings of the warehouse type, and finds 
very little or no application in the modern building. 

Structural Clay-Tile Floor-Arches. Structural clay-tile as a fire 
resistive material and the standard specifications and strength requirements 
of the three grades of floor-tile arc discussed in Article 5. For floor- 
construction, the medium-grade tile is the best as a compromise between 
strength and fire-resistance. For the large number of systems in use, a great 
variety of shapes and siz.es of blocks are manufactured in this country. 
Representative companies devoted to the manufacture and erection of struc¬ 
tural clay-tile fireproofing are the National Fireproofing Corporation, Pitts¬ 
burgh, Pa.; Henry Maurer & Son, New York; Whitacre-Greer Fireproofing 
Co., Waynesburg, Ohio; Fraser Brick Co., Dallas, Texas. Any one of the 
many large companies can make any form of block desired, except such as are 
covered by letters patent. 

Advantages of Clay-Tile Floor-Arches. Many architects prefer the use of 
structural clay-tile arches in buildings because the setting of them causes 
less disturbance to the mechanics of other branches of the construction. The 
work of installing tile arches is generally more rapid than for other types and 
it is not necessary to wait for them to dry out. The quality of the tile can be 
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readily judged from its appearance, not only before it is put in place but also 
after it is set. Thus it does not require the constant supervision necessary for 
materials that are mixed as they are put in place. 

Disadvantages of Tile Floor-Arches. The principal disadvantage of 
tile arches for floor-construction is the difficulty of adapting any system to 
the filling of irregular-shaped spaces. The arches must be set between I beams 
or channels, and to get the best effect the supporting beams must be parallel or 
nearly so. Tile arches, especially of end-construction, are weakened more 
by holes for pipes than are monolithic floors. As there is no bond between 
the rows of tiles in the end-construction arch, if a single tile in a row is cut 
out or omitted, there is nothing to hold up the remaining tiles in the row 
except the adhesion of the mortar in the side joints. In this respect side- 
construction arches have an advantage over the end-construction. Where 
it is necessary to use considerable concrete filling over the arch the weight of 
the floor-construction and its thickness will usually greatly exceed that of the 
concrete systems, and this additional weight means, also, additional expense. 
The floor-tiles are liable to breakage and chipped blocks in the floor are not 
unusual. 

Inspection of Floor-Arches. Flat arches of hollow tile require close inspec¬ 
tion during erection to see that broken or imperfect tiles are not used; that 



Fig. 40. Wood Form for Flat-arch Construction, Showing Method of Applying 
Soffits before Skews are Placed in Position 


the ribs in end-construction tiles abut opposite each other; that all joints 
are properly mortared and that ail of the steelwork is properly protected. 
Much poor workmanship has been allowed to pass in order to avoid delay, 
and also because it cannot be discovered until the centering is removed. A 
tile arch generally looks better on the top surface than it does on the bottom. 

Setting of Tile Floor-Arches. Tile arches are always set on wooden 
centers suspended by bolts supported by stringers over the tops of the I 
beams. For all spans of 5 ft and over, the centers should be slightly 
cambered. The usual type of floor centering used is shown in Fig. 40. 
Before any floor-arches are set, all girders projecting below floor-beams 
should be completely covered on the bottom and sides, independently of the 
floor-construction. To protect the steel from rust it should have a good coat 
of Portland-cement mortar before the tiles are set. The various types of 
floor tile used in flat-arch construction are shown in Fig. 41. After the 
center* are in place the soffit-tiles should be placed under the bottom of the 
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Side-construction Skew End-construction Skew 

3 cell 4 cell 




12" Inter 8" Inter 

4 cell 4 cell 




3" Key 4" Key 

2 cell 2 cell 



1" Key 2 " Key 

2 cell 2 cell 

Fig. 41. Flat-arch Tiles 



Fig. 42, Typical Segmental-arch Construction 
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beam/ and mortar slushed on the sides. These serve to bridge across gaps 
between the tile under beams in flat-arch construction and under girders gen¬ 
erally, for an all tile fireproof covering. The entire sides of the skewbacks 


, Concrete Fill ''Y ood Sleeper 



covered with a full bed of mortar, should be shoved into place. The keys 
should have mortar on both sides and one end, if side-method keys are used, 
and they should fit snugly, but not tight. Under no conditions should a key 
be rammed in place. It is better to use a smaller key and fill out the space 



2" End Construction Soffit 2" End Construction Soffit 2" Side Construction 
3 cell 3 cell Soffit 

Beveled both ends Beveled one end 1 cell 

Length variable to suit Length variable to suit Width variable to suit 
width of beam width of beam width of beam 

Fig. 45. Hollow Clay Soffit Tiles 

left with either a solid slab of tile, or, if the opening is too small, with a piece 
of slate. In setting tile arches it is very common to build the arches in string¬ 
courses, first fitting all the skews, then all the intermediates, and finally all 
tU keys. This is bad practice, as it loads the center, both planks and string 
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ers, to excess, causing too great a deflection. In the end-construction the 
arches should be built one by one, each being complete before the next is 
started. In side-construction, where joints are broken longitudinally, 
the arches should be keyed up or completed at the first point where the inter¬ 
mediates meet the lines of the key, thus completing the successive arches as 
rapidly as possible. All joints in the arches should be filled with mortar, 
especially at the top. 

Wetting the Floor-Tiles, In warm weather all hollow tiles, whether hard 
or soft, should be well wet or water-soaked before laying. In freezing weather 
they must be kept dry. 

Mortar for Setting Floor-Tiles. Mortar for setting porous hollow tile 
should never be made of cement and sand alone, as such mortar is too short, 
rolls off the tile, and does not insure a full joint. A good mortar is made by 
mixing the cement and sand in the proportion of 1 : 3, and adding cold lime 
putty or hydrated lime to the extent of 15% of the cement-content. The 
mortar should be thoroughly worked. Hot lime mortar should never be used. 
In dry weather the centers can be removed in 36 hours after the tiles are in 
place, but it is much better to allow 48 hours and even longer in cold or wet 
weather. 

Filling above Tile Floor-Arches. The strength of all tile arches is greatly 
increased by wetting their top surface and covering it with a rich cinder con¬ 
crete, mixed with Portland cement, well tamped and brought level with the 
tops of the steel beams. If the floors are to be finished in wood, nailing- 
strips are required to secure the flooring. These nailing-strips are usually 
dovetail-shape in cross-section, about 2% in wide at the top, 3^2 in at the 
bottom and from 1 3 4 to 2 in thick. It is preferable to lay them at right- 
angles to the steel beams, so that they may be secured to the top flanges by 
metal clips. Before the nailing-strips are laid, all piping and wiring which 
must go above or through the tile arches should be put in place. After the 
nailing-strips are in place the tops of the steel beams should be covered with 
a thin coat of Portland-cement-and-sand grout, applied with a brush. The 
spaces between the nailing-strips should be filled with a 1 : 8 or 1 : 10 cinder 
concrete, finished about in below the tops of the strips. Some architects 
claim better results with strips of rectangular section, with nails driven hori¬ 
zontally into the vertical sides to form the grip in the concrete. This method 
avoids the loosening of the strips and flooring from any shrinkage of the strips. 

Cement Floors. If the floors are to be finished with cement, the cement and 
concrete should be at least 2Yi in and preferably 3 in thick above the steel 
beams, and should be blocked out in sections of not over 6 ft square, with 
joints extending through the concrete. When practicable the joints in one 
direction should be over the beams. See Fig. 46. 

Weather-Protection. Terra-cotta arches should always be protected against 
rain or snow, especially in freezing weather, as both the blocks and the mortar 
in the joints are injured by freezing. Soft floor-tile, especially, may be utterly 
ruined by freezing when soaked with water. 

Segmental Tile Floor-Arches. “ This form of arch is the strongest and 
cheapest. It is particularly adapted to warehouses, lofts, factories, sidewalks, 
or wherever great strength is required and a flat ceiling is not necessary. 
W r hen a light, strong arch is required in deep beams and a flat ceiling is also 
demanded, this result can be obtained by using a metal-lath ceiling suspended 
below the beams.” * These arches are usually formed by either 6- or 8-in hoi 
• Bevier. National Fire Proofing Company, New York City 
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low tiles, set on the side-construction principle and bonded endwise like a 
brick vault. End-construction blocks may be used, but they are unsatisfac¬ 
tory, unless the arches are of uniform span and rise throughout. The rise of 
the side-construction arch can be varied by increasing the thickness of the 
upper or lower part of the mortar joint, but this cannot be done with the end- 
construction method.” Segmental arch construction may be used for 
spans up to 12 ft and on wider spans where the arch is especially designed in 
accordance with accepted engineering formulas. The supporting beams in 
arch floor-construction are tied together with steel tie-rods at least % in in 
diameter, spaced as required to resist the thrust of arch and not to exceed 
eight times the depth of the beam or fifteen times the width of the beam 
flange. Tie rods should be placed as near the point of thrust of the arch as 
practicable, but should be completely incased within the construction to a 
depth of at least 2 in unless the tie-rods are otherwise protected with fire- 



Fig. 46. Section of End-construction Flat Arch with End-construction Skews and 
with Marble or Terraco Finish, Illustrating Placing of Units and Methods of 
Making Concrete Fill 

proof covering below the soffit of the arch. All arches should have at least 
two cellular spaces in depth unless reinforced by steel. The total depth of 
structural-day hollow-tile segmental arches should not be less than 6 in, hav¬ 
ing two cellular spaces in depth, and no segmental arch should have a rise of 
less than in per ft of span, and preferably from H *° K 2 the span above 
the spring line, depending on the five loads. Figs. 43 and 44 show typical 
forms of segmental arches. The weight of segmental floor-arches is given 
in the discussion in Artide 5. To these weights should be added the weight 
of concrete filling, flooring, plaster, etc. 

Thickness of Webs. For general use the webs of segment-tile should be 
not less than in thick and the skewback should be at least % in thick. 
For printing-establishments or any other building where a large amount of 
vibration occurs the webs of all tiles must be designed in proportionate thick¬ 
ness to the load they are required to carry. These thicknesses apply to 
Chicago practice more particularly, where a stronger tile is produced than 
in the East. In New York City webs are generally % in thick. 

Filling the Haunches. The haunches of segmental arches should be 
filled with good cement concrete, leveled up to a point not less than 1 in above 
the crown of the arch. 

Strength of the Segmental Structural Clay-Tile Floor-Arches. The sape 
loads per square foot on 6-and 8-in segmental arches, with side-construction, 
medium tile, webs and shells % in thick, and with a factor of safety of 7, as 
obtained from the tables of the National Fire Proofing Company are given 
in Table XII. 
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Table XII. Safe Superimposed Loads for Segmental Medium 
Clay-Tile Floor-Arches 



Safe loads for tile with the following sectional areas (per foot of arch parallel with 
beams): 4-in arch, 28 sq in; 6-in, 36 sq in; 8-in, 43 sq in. Factor of safety, 7, 

Rise in inches per foot of span. Example: Rise for 12-ft span ■* 18 in. 

Note. The weight of the arch tile has been deducted in table so that only the dead 
load of concrete fill, plastering, etc., must be deducted to obtain net live load. 
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Flat End-Construction Floor Arches. In this construction the sides and 
voids of the individual tile run at right-angles to the beams, so that the pres¬ 
sure on the webs is endwise of the tile. It has been conclusively demonstrated 
that hollow tiles are much stronger in end compression than side -compres¬ 
sion. The objection urged against this construction is that it is wasteful 
of mortar and difficult to get the edges of the blocks properly bedded. They 
do require slightly more mortar, but the second objection is not serious, for, 
if the blocks are cut to a proper bevel, the tighter they are set the stronger 
the arch. The individual tiles in end-construction are commonly made 
rectangular in shape, advancing by l in from 6 to 15 in in depth. 

The total depth of flat-arch construction should not be less than 6 in and 
never less than in per foot of span. The length and width, also, of the 
blocks may be varied, but the standard size is 12 in for both dimensions. 
The number of partitions or webs in the blocks varies with the size of the 
tile and also with the strength desired. The 6-in, 7-in, and 8-in blocks 
usually have two vertical partitions and one horizontal partition, or one ver¬ 
tical and one horizontal, for blocks 8 in wide. The 10-in and 12-in arches 
may have either one or two horizontal partitions. Floor-tile over 12 in deep 
should always have at least two horizontal partitions. In the strongest 



Fig. 47. End-construction Flat Tile Arch 


tile the voids are about 3 in square. “The arch-blocks must be set end to 
end in straight courses from beam to beam, and cannot be set breaking joints, 
as in the side-construction method.”* 

Flat tile arches are now generally made either of end-construction or combina¬ 
tion side-and-end construction, as shown in accompanying illustrations, Figs. 47 
and 48. End-construction is made with end-construction skews and inters, 
and side-construction keys. Combination side-and-end construction is made 
with side-construction skews and keys, and end-construction inters. 

Form of Skewback. An end-construction arch may have skewbacks 
formed of the same blocks, with notches in the ends of the blocks to fit over the 
bottom flanges of the beams, as in Fig. 46. It is generally considered that the 
end-construction skewback is much stronger than the side-construction skew- 
back, but on account of the large amount of mortar lost in the voids and the 
difficulty of obtaining an even bearing with end-construction skewbacks, 
and, also, because of the greater facility with which the side-construction skew- 
backs can be used contractors generally prefer to use the latter; and thi3 has 
given rise to the form of arch shown in Fig. 48. But a more important reason 
for using side-construction skewbacks with end-construction arches is the 
better protection against fire that they afford to the beam or girder. To 
develop the necessary strength, side-construction skewbacks should have a 
large sectional area and a sufficient number of partitions, following, approxi¬ 
mately, the lines of thrust. With any form of skewback the recess for the 
beam-flange should be of ample width, so that when the tiles are set the pro¬ 
tecting flanges on the skewbacks will not touch the bottom of the beams, but 


• Bevier 
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will be at least in below them. Many varieties of side-construction skew- 
backs are made to meet all possible conditions. 

Keys. Both end-construction and side-construction keys are used with 
end-construction arches, the choice of the key depending principally upon its 
length. If the span of the arch is such that the standard intermediate blocks 
require a key 6 in or more in width, the end-method key is used, but if the 
space for the key is small, a side-method key is used. As the key is almost 
entirely in compression, a side-construction key 6 in or less in width will 
usually give all the strength required, provided that the horizontal webs are 
in the same line with those in the intermediate blocks. Side-construction 
keys are now generally employed in all flat arches. 

Depth, Span, and Weight. A deep tile makes a much stronger floor than 
a shallower one, and for the same depth of beams a lighter and cheaper floor. 
A t2-in arch weighs less per square foot than a 10-in arch with 2 in of con¬ 
crete filling; and it costs less. 

The depth of arch most frequently used is 10 in, the girders being spaced 
to use 10-in I beams for joists spaced from 5 to 6 ft apart. As a rule the depth 
of the arch should be about equal to tile depth of the beam, as it is just about 



Fig. 48. Combination Flat Tile Arch 


as cheap and much better construction to use deeper tiles and less concrete 
filling 

Structural clay-tile flat-arch floors are customarily used for spans up to 
about 8 ft 6 in. The total depth of flat-arch construction should not be 
less than 6 in, and never less than lj^ in per foot of span. The weights per 
square foot of standard flat-arch construction are given in Table V. 

Safe Loads for Flat Structural Clay-Tile Arches. The safe loads for the 
combination-construction which are applicable to all shapes of tile of the 
net sectional-areas noted are shown in Table XIII. These loads have been 
figured for the National Fireproofing Company’s tile of side-construction 
skews and key with end-construction inters. The strength of arches of 
different tile are directly proportional to the net sectional-area of the key 
tile on a section parallel to the end supports of the arch. 

Reinforced-Tile Floor-Arches. In order to obtain a wide-span flat arch or 
to obtain a reduced depth of arch-block for the shorter spans, the manufac¬ 
turers of terra-cotta have applied to their floor-construction the principle of 
reinforcement with metal, which is the basis of reinforced-concrete con¬ 
struction. Compared with reinforced concrete, even when cinders are used 
for the aggregate, the greater depth and hollow construction of these rein- 
forced-tile arches secure for them greater strength per square foot for the 
same weight of construction. On the other hand, they are undoubtedly more 
expensive than cinder-concrete floor-construction, because of the material 
used and the increased height of the building due to thicker floors. 
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Table Xm. Safe Gross Loads per Square Feet (Dead and Live) 

Factor of safety of 7 


Arches 

6 in 

7 in 

8 in 

9 in 

10 in 

12 in 

IS in 

Net sectional- 

27 

27 

27 

27 

36 

36 

36 

areas 

sq in 

sq in 

sq in 

sq in 

sq in 

sq in 

sq in 

Average weight 

26 lb 

30 lb 

32 lb 

36 !b 

40 lb 

48 lb 

56 lb 

per sq ft 






. 


Span, ft and in 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

3 

0 

42 0 

490 

560 

630 

9 33 
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1 400 

3 

3 

357 

417 

477 

537 

795 

mi 

1 193 

3 

6 

308 

360 

411 

462 

685 

Kifl 

1 028 

3 

9 

268 

313 

358 

403 

597 

716 

895 

4 

0 

236 

276 

315 

354 

525 

630 

786 

4 

3 


244 

279 

314 

465 

558 

697 

4 

6 
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249 

279 
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497 
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4 

9 
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■i']« 

447 
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5 
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SsTTTfl 
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5 

3 
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457 

5 
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333 

417 

5 
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381 

6 
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280 
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6 
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258 
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6 

6 
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298 

6 
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221 

276 

7 

0 
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257 

7 
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178 

223 

8 

0 
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8 
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9 

0 
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9 

6 







140 

10 

0 
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Note. Weight of arch, fill and finish must be deducted from above loads for the safe 
live load. For weight of arches, see Standards, Table V 


Natco "New York 99 Reinforced-Tfle Floor-Arch. This arch (Fig. 49) was 
designed by P. H. Bevier, of the National Fire-Proofing Company, for use 
where a light and cheap, but strong, sound-proof, fire-proof floor-construc¬ 
tion with a flat ceiling is required, and is particularly adapted to wide spans 
in shallow beams. Where light floor-construction with deep beams is neces¬ 
sary, it can be secured by setting the tile level with the tops of the beams and 
using a flat metai-lath ceiling, or by omitting the ceiling, a paneled effect is 
obtained. Where shallow beams are used, the tile are set level on the bottom 
and ij^s or 2 in below the bottom of the beams, as may be required by local 
building codes. Light cinder concrete should be used to level up to the top 
of the beams. 

This arch is formed of self-centering units which are set dry, except the 
skewbacks, permitting installation by unskilled labor. The “lip ” tile inters 
when set tight form channels for the mortar ribs 1 in wide in the direction 
of the arch, approximately 12 in on centers, and these inters are provided in 
such lengths as to allow for grouting a mortar key at or near the center of the 
arch. In order to prevent the mortar from flowing into the cells of the e*id con- 
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struction inters, 1-ln tile slabs are used to dose the cells. The feature of the 
mortar key is important in that it eliminates the tile key of rigid dimension, 
thus avoiding much loss of time in laying out an arch to allow proper spate 
for the final Insertion of the key. 

Reinforcement for the arch consists of or y^g-in round rods, placed in 
the mortar ribs, one rod to each rib, the size of the steel depending upon the 
span of the arch, and the load to be carried. Finally, the tile being set, the 
ribs and keys are grouted with a mortar of one part Portland cement to three 
parts sand The Skewbacks should be carefully bedded against the beams 
with mortar, and clip tile Used with raised arches should also be set with 




Cross Section - Typical Arch 


Fig. 49. Natco “New York” Reinforced Flat Arch 


mortar joints. This arch weighs practically the same as the standard hollow 
tile arches of equal depth. 

The Guastavino Tile-Arch System. This is a method, devised by R. 
Guastavino of New York and Boston, of constructing floors, partitions, stair¬ 
cases, etc., by means of thin tiles, 1 in thick, about 6 in wide, and from 12 to 
24 in long, ail bonded together in Portland-cement mortar so as to make one 
solid mass. The floors are built by spanning the spaces between the girders 
with single arches, vaults, or domes, constructed of two, three, or more thick¬ 
nesses of 1-in tiles, the number of thicknesses depending upon the dimensions 
of the arches or vaults. In its best application, steel is used in tension only in 
tie-members; and in place of steel girders, tile girders are constructed of the 
same material. Wherever steel is used it is embedded in the masonry construc¬ 
tion. One of the earliest notable buildings in which this system was used is 
the Boston Public Library Building, completed in 1895. Some of the later 
important constructions are the Cathedral of St. John the Divine, New York 
City; the Minnesota State Capitol Building, St. Paul, Minn.; the Girard 
Trust Company’s Building, Philadelphia; the Chicago and Northwestern 
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Railway terminal station, Chicago; the Pennsylvania and the New York 
Central Railroad terminal stations, New York City; and the Hall of Fame, 
UniversPy of New York, New York City. 

An illustration of the wide spans that can be safely used with this system of 
construction is seen in the Cathedral of St. John the Divine in New York City. 
The floor above the crypt, measuring 56 by 60 ft, with no interior supports, 
and designed to carry a safe load of 400 lb per sq ft, was constructed on this 
principle. Wherever a vaulted ceiling is desired this form of construction 
seems to be well adapted for use. Floors built in this way have been tested 
under the supervision of the New York City Building Department up to 
3 700 lb per sq ft, on spans of 10 ft. When used between I beams the only 
steel beams required are those spanning from column to column. Architects 
contemplating the use of this system of construction are advised to consult 
the R. Guastavino Company before letting any contracts. Wherever vaulted 
ceilings are required this construction should be at least as cheap as any other 
form of equally fire-proof construction, and it is often cheaper. One particu¬ 
lar advantage of the system is that frequently the soffit-course of tile is of 
pressed or glazed material, making a most effective and permanent finish, 
as in the case of the City Hall station of the New York City subway. This 
station was constructed for very heavy loads and without the use of steel. 

Incidentally, attention may be called to the Rumford tile developed in con¬ 
nection with this construction, to be used as the first course of tile, that is, on 
exposed surfaces on the interior of auditoriums, on account of its sound¬ 
absorbing character. Professor Sabine of Harvard University concluded 
from his investigations that this tile has over sixfold the absorbing power of 
any existing masonry construction, and one third the absorbing power of the 
best-known felt. 

Concrete Floor Systems. Concrete used in fire-proof floors may be either 
plain or reinforced. Without reinforcement its use is generally practicable 
for very short spans only, on account of its weight. In this chapter it is con¬ 
sidered only as a floor-filling between steel beams in structural-steel frames 
Chapter XXIII is devoted to a discussion of the principles governing the 
design and use of reinforced concrete. 

Advantages of Reinforced Concrete for Floor-Construction. Although 
many advantages are claimed for reinforced concrete over other systems 
the principal advantage is that of economy, taking into account the cost of 
both the steel framework and the filling between. The other important ad¬ 
vantages are less weight per square foot of floor (usually but not always the 
case), adaptability to irregular framing, and rapidity of construction. Except 
in the immediate locality of the clay tile-factories, fire-resistive floors of con¬ 
crete can usually be placed at less expense than is incurred in setting floors of 
hollow tile; and when the spans permit the use of cinder and other light¬ 
weight concretes, the concrete floors are lighter than those of the tile, when 
both floors have the same strength. The combination of concrete with hollow 
tile of both clay and other materials has resulted in the most economical 
floor system in respect to weight and thickness of construction. The 
materials entering into the construction of reinforced-concrete floors are 
readily obtained in almost any locality; no specially prepared material is 
required, except perhaps in a few special forms of construction, and the work 
can be done almost entirely by unskilled labor. Less capital is required for 
concrete work than for the tile-constructions, and no material need be car¬ 
ried in stock during an idle period, except tools, mixing-machines, old cen¬ 
tering, etc. That the above advantages are real is sufficiently proved by 
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the immense amount of reinforced concrete now under construction through¬ 
out the world. Wherever a floor is to have a finished, cement surface, rein- 
forced-concrete constructions are considerably cheaper than any tile system, 
because in the former, the entire concrete can be used to give strength, while 
with the flat-tile arches it merely increases the dead weight. 

Disadvantages of Reinforced Concrete for Floor-Construction. One 
decided disadvantage connected with concrete floor-construction is the in¬ 
terference in a large measure with the progress of other parts of the work. 
During its installation, there is a constant dripping from the floor, making 
it sometimes impossible to continue other lines of work. After the comple¬ 
tion of the floors a long time is required, depending upon the weather, for the 
drying out, before interior finishing can proceed. 

Composition of the Concrete. The materials used for concrete are dis¬ 
cussed in Article 5 and also in Chapter XXIII. Portland cement, only, 
should be used in any floor-construction. For most reinforced-concrcte floors, 
having a span between the steel beams of 8 ft or less, cinder concrete is 
generally used for the reason that cement mixed with cinders is much lighter 
than that mixed with broken stone or gravel. The usual proportions of 
cinder concrete are one of cement, to two of sand, and five or six of cinders. 
Concrete mixed with common ashes, a mixture occasionally used for rough 
fills, has little strength and is totally unreliable. Cinders should be selected 
to be free from all fine, powdery ash, secured from combustion of coal under 
forced-draft burning, with all large clinkers broken up to pass the J^-in 
mesh screen. The source of the material should be investigated to eliminate 
possible contamination of cinder by oil or other deleterious substances. For 
a discussion of cinder concrete, see Article 5. The weight of cinder 
concrete will vary from 80 to 110 lb per cu ft, depending upon the coarseness 
of the material, the quantity of sand, and the amount of tamping. For 
ordinary purposes a 1 : 2 : 5 cinder concrete should be used, weighing 108 lb 
per cu ft, or 9 lb per sq ft per inch of thickness. For long-span floor-construc¬ 
tion, concrete should be made from stone or gravel or aggregates producing 
concrete of equivalent strength and durability. 

Segmental Concrete Floor-Arches. For warehouse-floors the segmental 
arch systems are .adaptable to short spans and heavy loads. For span9 
between floor-beams of 5 ft or less, a 1 : 6 gravel-concrete arch, 3 in thick at 
crown and without any reinforcement, should sustain, without cracking, a 
distributed load of 1 500 lb per sq ft. 

The concrete arch, considered as a monolithic construction, if built of stone 
concrete, is superior to the brick arch. The cinder-concrete arch is inferior 
only in point of strength. Such an arch should be at least 4 in deep at the 
crown, and the rise should be not less than one-eighth the span. Cinder con¬ 
crete should not be used for spans exceeding 8 ft. The strength of such an 
arch for ordinary cinder concrete is about the same as that of a 6-in segmental- 
tile arch of the same span, as given in Table XII. All arch systems, whether 
of concrete or tile, require tie-rods between the beams to take up the thrust 
of the arches. With the development of modem methods of design and con¬ 
struction of the two-way, long-span reinforced-concrcte flat slab, the use of 
the segmental arch in building irames has become obsolete. 

Weight of Segmental Concrete Arches. The weight of solid segmental 
arches may be found by the following formula, which gives results approxi¬ 
mately correct when the rise of the arch is not more one-sixth of the span: 

W - (W12) (c + 4 Sip) 
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in which W •• weight of arch, in pounds per square foot; 

w — weight of material^ in pounds per cubic foot; 
c «=» thickness of arch at crown, in inches; 

S — span of arch, in feet; 
p ■=> ratio of span to rise of arch. 

Flat Reinforced Floors. These floors consist of slabs of concrete, varying 
in thickness according to the span and load, constructed between the steel 
floor-beams and reinforced near the lower surface with steel in one of the 
shapes. For long spans and ordinary loads the thickness of the slab should 
be at least % in for each foot of span when reinforced in both directions and 
Constructed of approved concrete of stone, gravel, or burnt clay aggregates, 
with a minimum thickness of 334 in. Thinner slabs have been used, but the 
thickness should be carefully considered for each particular case. For 
short-span slabs with structural reinforcement in one direction, the thick¬ 
ness will depend upon the character of concrete employed and type of rein¬ 
forcement, but for a fire-resistive building should never be less than 3 34 in. 
The floor-slabs are not usually of the same depth as the beams supporting 
them. The position of the slabs, therefore, determines the character of the 
ceiling. When the bottom of the slabs is placed at or below the lower flanges, 
a flat ceiling results, and the space over the slabs must be filled to the under side 
of the flooring with some incombustible material, thus often increasing the 
weight. When the slabs are set at the top flanges, a paneled ceiling results, 
unless a hung ceiling is provided. 

Strength of Short^Span Flat Floor-Construction. The following empirical 
formula, representing the practice established by the New York Building 
Code, is based on an investigation of cinder-concrete floor-construction made 
under the joint auspices of Columbia University and the Bureau of Buildings, 
Manhattan, New York.* This formula is in use in New York City for all 
short-span concrete floor-fillings between steel beams. (See also Figs. 50 
and 51.) 

W - KdafS * 

in which w - safe load, in pounds per square foot, including the weight of 
slab; 

d — distance, in inches, from top of slab to center of reinforcement; 
a « cross-sectional area, in square inches, of the reinforcement, for 
each foot of width of slab; 

S ■* span, in feet, of slab; 

K *» a coefficient with values as follows: when cinder concrete is 
used, 26 000 if the reinforcement consists of steel fabric con¬ 
tinuous over supports; 18 000 if the reinforcement consists 
of steel rods or other shapes securely hooked over or attached 
to the supports; and 14 000 if the reinforcement is not con¬ 
tinuous over the supports; and when stone or gravel con¬ 
crete is used, 30 000, 20 ()00, and 16 000, respectively, for 
the corresponding conditions. 

The material contemplated by this formula is a concrete consisting of one 
part of Portland cement, and not more than two parts of sand, and five parts 
of stone, gravel, or cinders with a compressive strength of not less than 800 lb 
ptr in. The reinforcement consists either of steel rods or other suitable 
shapes, or steel fabric. Hot-roHed bar reinforcement should be of structural 

• Trans. Am. Soc. C. E., Vol. LXXIX, 1*15, page 523. 
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or intermediate grades,* with an ultimate strength of 60 000 lb per sq in. Cold- 
drawn steel fabric should have an ultimate strength of not less than 80 000 
lb per sq in. In case cold drawn steel fabric is used, the tensional reinforce¬ 
ment should not be less than 1 £foo%> aQ d 1° case other forms of reinforce¬ 
ment are used, not less than 2 JKoo%> the percentage being based on the sec* 
tlonal area of the slab above the center of the reinforcement. For proper 
protection against fire and corrosion the center of the reinforcement should 
be at least 1 in above the bottom of the slab, but there should always be at 
least % in of concrete outside of any part of the reinforcement. The for¬ 
mula should not be applied to 
spans exceeding 8 ft. Cinder- 
concrete floors should be limited 
to that span in any case. For 
reinforcement of less ultimate 
strength than noted above, the 
coefficient K should be de¬ 
creased proportionately. The 
cold-drawn fabrics being delivered into the market at the present time 
develop safe loads 20% less than the above recommended values of w. 

For short-span FLAT arches, any of the types of reinforcement described 
in Article 9 may be used. For fire-resistive construction, the steel bars 
or fabric must be protected with at least % in of concrete at the bottom of 
the slab; and where continuous over the top flanges of the supporting beams, 
the reinforcement should be incased in at least in. of protection. See Fig. 
50. When the slab is installed on the bottom flanges of the structural beams. 
Fig. 51, special care must be taken to insure the correct placement of con¬ 
tinuous mesh or fabric to eliminate excess length and possibilities of slack 
in the fabric. In addition, in such cases, a straight piece of reinforcing mesh 
should be installed under each floor-beam extending for a distance of 1 to 2 
ft on each side of the flange, to avoid cracking of the arch from vibration or 

impact loads. When sheet 
fabric is installed under the 
safe-load requirements for 
continuous mesh, it must be 
lapped at the ends suffi¬ 
ciently to develop the steel 
area by bond with the con¬ 
crete. In placing expanded 
metal in the concrete, it is 
necessary to lap the sheets 
on the ends up to and including 3-9-20, one diamond (8 in); from 3-9-25 
to 3-6-60, one and a half diamonds (12 in); and heavier than 3-6-6 0, two 
diamonds (16 in). 

Aerocrete Arches. “Aerocrete” concrete has been approved for use in 
short-span floor-arches in the same manner as cinder or stone concrete. 
For a discussion of the properties of this processed concrete see Article 5. 
Welded wire cloth is used for the reinforcement in arches of a minimum thick¬ 
ness of 4 in; and the beams and girders are solidly encased with the same 
material, as shown in Fig. 52. The weight of the mixture can be controlleq 
within a range of 30 to 80 lb per cu ft. The compressive strength is directly 
proportional to its weight; that of the light-weight grade being 250 lb per 





Fig. 51. Short-Span Concrete Bottom Arch 
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Fig. 50. Short-span Concrete Top Arch 
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sq in; the medium grade, 650 lb per sq in; and the heavy structural grade 
1 300 to 1 500 lb per sq in. 

A long-span form of construction, consisting of light-weight structural 
beams or open-web bar-joists spaced from 3 to 4 ft on centers rigidly con¬ 
nected by rivets or welding to the main floor girders, with a uniform thickness 
of fill of light-weight “Aerocrete," has been approved for use in New York 
City. See Fig. 53. The test construction consisting of 6-in standard I beam 
on a 24 ft 0 in span filled solidly with 7>2 in. of “Aerocrete” supported a 
load of 300 lb per sq ft with a deflection of Heo °f the span. The weight of 




V±- 


3”x 16 ,r Mesh Longitudinals 

Woldeil iabrio 1 _3 f, o.c. 


No.8 Transvorae Wires 


(<-7 f 0 ,T for 150* per Rq Ft Superimposed Load—>j 
Fig. 52. “Aerocrete” Short Span Arch Construction 


the floor including steel and fireproofing of girders is only 30 lb per sq ft. The 
particular advantage of tills type of construction, besides its light weight, 
is the speed of erection. Forms can be removed in from one to two days 
The cast-in-place construction is controlled by the Aerocrete Corporation of 
America. New York, who also furnish a precast shop-made unit for installa¬ 
tion between steel or reinforced-concrcte floor-beams. 

Gypsum Floors. Gypsum has been extensively used for floors and roofs in 
fire-resistive buildings because of its excellent fire-resistive properties * 
Under a 1 700° F. fire, the temperature on the unexposed side of a floor or 



Section of Floor 



Details of Beam Connections 


Fig. 53. “Aerocrete" Long Span Construction 


partition of gypsum will remain below 212° F. for a considerable period of 
time, while the water of crystallization is being evaporated from the gypsum. 
The duration of this period depends on the thickness and quantity of material 
involved, and which must all be calcined before the transmitted temperature 
can exceed the temperature of boiling water. It furnishes a light construc¬ 
tion, which, with the additional advantage of the rapidity with which it can 
be put in place, is economical not only with respect to the floor itself but also 
on account of a saving in the amount of the structural steel supporting it. 
Another favorable feature is the great heat-insulating property of gypsum, 
* See Discussion of Gypsum. Article 5. 
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resulting in absence of condensation and a reduction in the cost of heating the 
building. Its disadvantage lies in the variation of physical properties of 
gypsum from different sources and the necessity for special methods of design 
and installation because of its comparatively low strength properties. 

The Suspension System. This construction, originally known as the 
Metropolitan System, consists of a series of steel cables suspended from 
the supporting steel beams and encased in a slab of pure calcined gypsum 
containing about 12j^% of wood chips. The cables are generally composed 
of two No. 12 galvanizedsteel wires, twisted. They are made continuous over 
the supports, being securely fastened over the flanges of the end-beams or 
channels by heavy S hooks or other suitable means. The cables are spaced 
from 1 to 3 in apart, depending on the carrying oapacity desired. They are 
held taut by a J^J-in round steel rod, laid at the middle of the span at right- 
angles to their direction. The mixture of gypsum and chips is sent to the 
work in bags and placed on wooden centers, as in the case of concrete floors, 
wet, and allowed to set. The sides and flanges of the supporting steel beams 
are encased in the same material, all as shown in Fig 54. The minimum 



thickness of floor-slabs is 4 in; the usual thicknesses for roofs are 3 and 3% in. 
The finished slabs weigh about 4 lb per sq ft per in in thickness. Spans of 
from 6 ft 6 in to 7 ft are said to make the most economical arrangement, all 
things considered. Spans should not exceed 10 ft. This system is designed 
to secure ail the advantages of the fire-resisting values of gypsum with as little 
dependence on its structural value as possible. The safe gross strength of 
the construction in practice is determined by the formula 

2ATd 

" bly/9L* + </ 2 ’ 

in which w - the safe gross load per sq ft of floor or roof-surface, in pounds; 

T ■» the safe tensile strength of the twisted cables in pounds, which 
for the ordinary case of two No. 12 cold-drawn steel wires, 
may be taken at 365 lb; 

d ■■ the deflection of the cable, in inches, and equals the slab-thick¬ 
ness less the sum of the protection of the cables at the center 
of the slab and over the supports, that is, ordinarily, the 
slab-thickness less 1 in; 

b - the spacing of the cables, in inches; 

L - the span, or distance, between centers of supports of the slab, 
in feet. 

The above formula is in error in that it does not consider the inclination of 
the reinforcement. It would be more correct if two deflection-rods were 
provided at the third or fourth points of the span. The stress in the cable as 




668 


Fire-Proofing of Buildings 


[Chap. 22 


installed should be increased by a component of the reaction of the gypsum 
fill on the deflection rod at the center. With one deflection-rod, the maxi¬ 
mum stress under working loads occurs at the points of support where the 
reinforcement circles the structural beams, and the correct formula for safe 
load should read 

2±Td 

iL V&tA + <&' 

By this latter formula, the actual safe load is considerably reduced. No tie- 
tods are necessary in this floor-construction; but in the end-bays, when the 
lateral stiffness of the beams together with the compressive strength of the 
floOr-slab is not sufficient, struts must be provided of such size and spacing 
as are necessary to resist the pull of the cables. This system is installed by 
ail the large companies which install gypsum floor and roof constructions. It 

has been approved for a 
ful ! 4 - hour fee-resistive 

Jiff / //ff / */ //// Gypsteel Floor-Con- 

//Ft / T /H/ struction. The “Gyp- 

/ /IrT / / /fijr steel ” floor and ceil- 

- 7/ / i-t r /- r—J/JJ INC.-CONST RUCTION COn- 

i \j f sists G f a 2%-in precast 

gypsum floor-slab molded 
at the factory and rein¬ 
forced with y'lQ in cold- 
drawn wire rods spaced 4 
in on centers, projecting 
about 2% ln at both ends 
of the tile. The floor- 
beams or steel joists are 
erected in the structural- 
steel frame at intervals of 
2 ft 6 in, the slabs are set 
in the top flanges, and the 
projecting rods are drawn 
up taut and twisted to¬ 
gether at their connec- 

Fig SS. “Gypsteel" Pre-cast Floor-construction, ’!°! 1S The f" ds , of th ® 
Showing Floor- and CeHing-slabs and Hangers “ abs , are rabbeted, and 

these depressions are filled 

solidly with gypsum grout and leveled off to form an unbroken surface 
tnth the tops of the slabs. Floor slabs are 24 in wide by 29% in long. 
Before the structural floor-slabs arc installed, precast gypsum ceiling slabs, 
2 in thick, reinforced with two flat steel bars, % in by % in, projecting 1 in 
from the ends of the slabs, are suspended from the floor-beams or joists 
by iil&rting the projecting reinforcement in slots of %-in by 1-in hangers 
clamped around the top flanges of the floor-beams. Beveled edges on the 
top surface of the ceiling-slabs form a V-shaped joint in wide which is 
filled with gypsum grout before the floor-slabs are set. The steel girders 
supporting the secondary floor-beams are fireproofed by precast soffit 
slabs clamped to the lower flanges* with the open spaces between soffit 
pieces and ceiling-slabs filled with plastic gypsum to provide a minimum 
protection of 1% in outside of the edges of the Steel flanges; © f the sides of 
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the steel girders can be enclosed with gypsum blocks resting on the soffit 
slabs. The safe loads are based on the suspension design, the gypsum 
serving merely as a fire-resistive filler. 

“Gypsteel” construction is controlled by the Structural Gypsum Cor¬ 
poration of Linden, N. J. The system with 24-in span slabs, in place of the 
30-in now commonly installed, plastered with %-in gypsum plaster tested 
by the Columbia University Testing Laboratories for the City of New York, 
developed a four-hour fire-resistive rating. 

Clip-On Fire-Resistive Construction. The clip-on system, installed by 
the American Clip-On Corporation of Philadelphia, Pa., possesses a distinct 
advantage in that the fire-resistive ceiling can be placed under any existing 



Standard Pieeast Soflit Slab 


Fig. 56. “Gypsteel and Ceiling-slabs 

floor-construction, or after the top structural platform has been installed; 
or in the event of fire damage requiring the removal of a part of the ceiling, 
the injured portion can be replaced without interference with the structural 
parts of the floor. The system proper consists of a precast ceiling-block 
or tile of gypsum-fiber concrete, 18 in wide by 36 in long, tongue-and-grooved 
on the long sides, reinforced with two longitudinal No. 5 gauge wires and 
two transverse yokes to which S hooks are attached at both ends of the 
block, as shown in Fig. 57. The under surface of the blocks is corru¬ 
gated to insure plaster bond. The blocks are suspended from 1-in furring 
channels spaced 3 ft on centers and secured to the lower flanges of the steel 
floor-beams or steel joists in the usual manner. The hooks can be readily 
manipulated and the blocks hung in place from the floor below. U-shaped 
sockets left in the block to accommodate the S hooks are filled with gypsum 
plaster. The ceiling surface is then finished with brown coat and hard finish, 
making the total thickness of fireproofing 2 or in. 
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These blocks can be secured in thicknesses of and 2 in. In the Straw- 
bridge and Clothier 14-story building erected in Philadelphia, Pa., in 1930, the 
lj^-in block, plastered to a total thickness of 2 in, was used as a ceiling 
throughout the structure under a top slab of 2in of reinforced concrete 
on 4-ft spans. During construction, a fire occurred in the temporary wood 
partitions and false-work which communicated through the entire 14 stories 
and burned for over one hour. The “Clip-On Ceiling” which had already 
been installed and plastered was not damaged beyond smoke discoloration 
of the ceiling surfaces.* The “Clip-On” system of plastering includes the 



Detail of Reinforcing Rods 



Detail of Hanger Rods and “ S ” Clips 
Fig. 57. Detail of “ Clip-on ” Block 


use of special dry-mixed sanded-gypsum bond-coats and lime and molding- 
plaster finish-coats, and is installed only under the supervision of the com¬ 
pany. In the fire-test for the City of New York, the plastering remained 
practically intact during the entire four-hour test, whereas the usual plaster¬ 
ing is destroyed or falls off after hour to 1 hour of fire. The temperature 
of transmission through the ceiling was uniform throughout the hollow space 
surrounding the steel floor beams and never exceeded 242° F. on the bottom 
flanges of the beams during the four-hour test period. The 2-in “Clip-On” 
block ceiling, plastered to in, developed a fire-resistive rating of four 
* See Philadelphia Evening Public Ledger of July 17, 1930. 
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hours. From analysis of the test details and results, the lj^-in block plas* 
tered to a total thickness of 2 in would develop at least a three-hour rating. 

Pyrofill Monolithic Floor-Construction. The design of the “ Pyrofill ” 
floor-construction controlled by the U. S. Gypsum Co., Chicago, HI., is based 
on the “Suspension 0 system and is installed either as a solid slab with sus¬ 
pension cables anchored to the top flanges of the floor-beams with the bottom 
flanges of the beams solidly encased for fireproofing similar to Fig. 54, or as a 
composite top slab and separate ceiling-slab. This construction differs from 
the “Gypsteel” or “Clip-On” systems in that it is poured-in-place. It suf¬ 
fers from the same disadvantage of the “Gypsteel” floor, in that the ceiling- 
slab must be installed before the top floor-slab. The “Pyrofill” mixture is a 
gypsum-fibered concrete consisting of 12j^ parts of wood chips to 87j^ 
parts of gypsum, mixed with water varying from 60 to 70 per cent of the com¬ 
bined weights of gypsum and wood chips, depending upon the consistency 
of the gypsum and the porosity of the chips. 

The ceiling, which is poured first, consists of a 2]^-in thick slab reinforced 
with galvanized wire fabric of No. 12 gauge wires, 2-in by 4-in mesh, sup- 


8,* No. 10 No. 16 Gauge, Blacfc 

x No. 12 Galv. Iron, Lateral Stiffener 
Mesh \ Clip 32 c.c. | \ 


No. 8 Oalr. Wire Hanger Pyrofill 

for Ceiling Slab Reinf.; .-Mixture 

12c.o. / 



Fig. 58. Gypsum “ Pyrofill ” Floor-construction 


ported on %-in round rods suspended from the floor-beams with No. 8 gauge 
wires. The mesh is installed on a wood form so as to provide a sag of in 
on the 30-in span. The floor-slab is constructed on a permanent centering of 
J^-in gypsum wall-board and the “Pyrofill” slab poured to a total thickness 
of 2j^ in, reinforced with galvanized welded wire fabric, 4-in by 8-in mesh, 
No. 10 longitudinals and No. 12 transverse wires, laid directly on the plaster 
board. In practice, the platform slab is made 3, or 3 in thick, depend¬ 
ing upon the desired load-bearing capacity. Fig. 58 shows the construction 
as installed in the test house of Columbia University. In the test construc¬ 
tion, the ceiling-slab was plastered with three-coat gypsum plaster to a thick¬ 
ness of ^ in, making a total ceiling thickness of 3 in. The construction 
developed a four-hour fire-resistive rating. 

Application to Steel-Joist Floors. In common with all gypsum con¬ 
structions, the application of water through a lj^-in nozzle hose-stream, 
as required by the standard fire-test, entirely demolishes a ceiling con¬ 
struction 2 or 2^2 in thick, whether precast or poured-in-place. A reinforced 
slab, 3 in or more in thickness, when exposed to the fire-stream is generally 
eroded to the depth of the calcined material exposing the reinforcement. 
The latter can be replastered with gypsum to practically restore the original 
fire-resistive qualities; but unless a suspended fire-resistive ceiling is designed 
so that it can be rehung from underneath, it is not practicable to replace it 
with ordinary methods of construction. 
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As described under Steel Joist and Junior Beam Floors, precast or poured - 
in-place gypsum slabs of the types here described are extensively used with 
joist-spadngs of 16 to 30 in, where comparatively light live loads are required, 
as in hotels and apartment-houses. 

Open-Web Steel-Joist Floors. Steel-joist floors are designed to meet 
the requirements of the intermediate class of fire-resistive construction, 
which is both economical and safe for buildings of lighter occupancy and 
heights not exceeding 80 to 90 ft. The type of floor-construction generally 
used with open-web steel-joist or light-weight structural beams * 
consists of a top plate of incombustible material designed as a structural plat¬ 
form to support the loads and a bottom plate or ceiling-construction to pro¬ 
vide a protective ceiling of fire-resistive construction. These light-weight 
floor-constructions are of various types and afford different fire-resistive 
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ratings, dependent upon the character and construction of the details. 
Structural platform slabs are described later in Article 7, and fire- 
resistive ceilings in Article 8. 

The steel joist in its present form is the result of progressive steps start¬ 
ing with the steel channel forms of metal lumber pressed from blue annealed 
sheets which were either cold-riveted back to back or spot-welded. This 
form was followed by a 5-piece section-joist of typical plate-girder design 
formed of a web-member of strip steel and flanges of four light-weight structural 
angles, spot-welded in place. 

The modern forms of steel joist are made in numerous sections by various 
manufacturers but can be classified in three general types: (*) Welded bar 
(see Fig. 59), formed by welding bars into the form of trusses; with top and 
bottom chords consisting each of two round bars and web-members of smaller 
round rods bent to suit and welded between the chord bars at junctions. The 
bottom chords are curved upward at the ends, and seats for bearings consist 
of pressed-steel angles welded to the bars, (b) Welded structural, with 
top and bottom chords of wide special tee or other structural-shaped mem* 

* See Junior Beams in Article 7. 
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bers continuous to and including the seats or bearings, and the web-members 
consisting of round rods bent to proper shape and welded between the chords. 
The top flange is straight and the bottom flange generally curved upward 
at the ends to the supports. 

At the supports the flange- 
members are connected by a 
web-plate forming a solid 
beam section. High-pressure 
electric welding is used at all 
joints. (See Fig. 60.) (c) 

Expanded joist, made by 
slitting, heating and expand¬ 
ing light beam sections to 
form one-piece trusses, in¬ 
cluding inclined web-members 
and having a depth consider¬ 
ably greater than the original 
beam. Both top and bottom 
chords may be straight from 
end to end with the bottom 
chord shortened to set between 
supports, and a plate welded 
to the top chord for the bear¬ 
ing, or the original section 
of the unexpanded beam may be left at both ends. (See Fig. 61.) At the 
supports all joists are generally 2 x /i in deep, regardless of the depth at the 
center. By supporting these under-slung joists 2 1 /£ in below the top chord, 
they are held in proper position by gravity, and erection problems are greatly 




simplified. “Extension bottom” chords are provided for use at the ends 
of joists where bottom chords are bent up to accommodate the flat 'ceiling. 
Bridging of the joists is accomplished by the use of 2-in by 1-in channels XT 
bolted to the top flanges of the joists supplemented by heavy wire bridging, 
to stay the bottom chords, or by various other types of diagonal strut chan¬ 
nel, rod or wire bridging. Many other special forms of steel joists are 
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manufactured of which the following examples indicate some of the special 
devices employed. The nailer steel joist manufactured by the Truscon 
Steel Co. of Youngstown, Ohio, provides nailing strips in the top flange 
(see Fig. 62) clamped or secured in position for attaching wood flooring or 
wood roof-decks. The nailer joist incorporates the same basic features of 
the typical steel joists previously described, allowing for the passage of 
pipes and conduits in any direction through the floor-construction without 



requiring the cutting of joists or the installation of a special suspended ceiling. 
With a metal lath-plastered ceiling, and double wood flooring with insulating 
felt between, this construction will provide a fire-resistance of at least % 
hour and fire safety to a substantial degree. The “rivet grip" steel floor- 
joist is designed for use with an interlocking ribbed steel decking, by the 
Rivet-grip Steel Co. of Cleveland, Ohio. (See Fig. 63.) The upper chord 
consists of an inverted channel section to which the steel decking is inter¬ 



locked to form an unyielding base for the concrete slab covering or flooring. 
The steel decking provides a rigid lateral brace between the top chords of the 
joist. 

Load-Bearing Capacities.* In cooperation with the Department of 
Commerce a Simplified Practice Recommendation was promulgated and 
became effective on October 1, 1930, and was adopted by all manufacturers 
of open-web steel joists for safe loads of spans not exceeding 24 times the 
depth of the member. (See Table XIV.) In order to develop these safe 

• S.P.R.94-30. 
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loads with the same factor of safety customary in standard structural- 
steel framing, the joists must be rigidly supported in a lateral direction either 
by one of the methods mentioned above or by welded-STEel horizontal top 
and bottom braces and diagonal members. With present practices, it can 
be stated that generally the open-type joist, owing to lack of stiffness and 
continuity of web-construction, does not equal the computed equivalent 
rolled-beam section. 

Advantages of Open-Web Joist Floors. For residential occupancies this 
type of construction results in a light-weight structure with a dead load of 
construction of not more than 35 to 40 lb per sq ft, and in general economy 
of structural frame, bearing walls and foundations. It insures rapid con¬ 
struction without any special equipment and can be installed at all seasons 
of the year with ordinary labor and in any kind of weather. As compared 
to wood-joist construction, the additional cost is small, and the steel joist 
eliminates one cause of settlement, namely, shrinkage of beams, with less 
tendency toward separation of baseboard and floor and plaster cracking. 
The underslung design of the bearings permits of maximum head-room 
under supporting girders, and the open webs allow the installation of pipes 
and conduits without increased thickness of floor-construction. The 
addition of a fire-resistive ceiling provides fire safety to a substantial 
degree. With the ceiling-construction shown in Table XVI, a lj^-hour 
resistance can be secured. 

Disadvantages of Open-Joist Floors. Destruction of the ceiling at any 
one place destroys the fire-resistance of a large part of the construction. 
The joists do not provide a rigid attachment to supporting girders and are 
of little value in resisting lateral pressures due to wind. For these reasons, 
their application is limited to buildings of medium height, and occupancies 
not involving severe fire hazard or heavy loads. 

Junior Beams. Light-weight structural-steel sections rolled from the 
billet to a full I section in a continuous mill from structural-grade copper- 
bearing steel are manufactured by the Jones and Laughlin Steel Corporation 
of Pittsburgh, Pa., for use as sf.condary members in structural-steel floor¬ 
framing. Tests at Columbia University, Massachusetts Institute of Tech¬ 
nology, and the University of Illinois demonstrated that this product develops 
the same safe stresses as those used in the design of the standard-weight 
structural-steel section, and approvals have been granted accordingly 
throughout the United States. The shape and dimensions of these beams 
are shown in Fig. 64. 

Junior beam end-support is provided through riveted standard end-clip 
angles or through standard extension angles, as shown in Fig. 65. The 
beam can be provided with a 45° end-cut to facilitate piping and conduit 
installation. The beams are braced laterally either by continuous diagonal 
wire bridging of No. 12j^ galvanized steel wire, by tie-rods or by welded 
horizontal braces and diagonal ties. Junior beams can be used in structural 
design with any of the types of fire-proof floor-construction, employing stand¬ 
ard engineering formulas, and should be included in Specifications under 
STRUCTURAL STEEL. 

Structural Platform Slabs. Floor-systems for light-weight secondary 
structural members adaptable to use with junior beams or with steel joist 
can be classified in three groups: (a) concrete slabs on permanent cen¬ 
tering; (6) CONCRETE SLABS ON REMOVABLE FORMS, and (c) PRECAST Or 
POURED-in-place gypsum slabs. In addition, the junior beam can be 




Sizes, weights and properties of Junior beams 


utilized with standard types of reinforced slabs or clay-tile floor-arches, includ¬ 
ing solid encasement of the beams with protective materials. (See Fig. 66.) 

Structural platform slabs of gypsum are described under Gypsum 
Floor-Constructions.* For concrete platform slabs of Type A, Fig. 66, 
Expanded Metal, Sheet Metal or Composite Laths of the weights given in 
Table XV are recommended. The lath is applied with sheets running at 
right-angles to the structural beams or joists. The sheets must be secured, 
lapped and wired together at sides and ends and dipped to the joists. When 
flooring other than wood is used, temperature rods should be installed in both 
directions at least 24 in on centers. 

Open-joist floor-construction has been approved for use in fire-resistive 
construction in many of the large dties throughout the country, among which 
may be mentioned the following: 

Philadelphia, Pa., permits the construction with a 2-in top plate and a 
J^-in plastered ceiling in residential buildings not over 85 ft high; and in 
commercial buildings with a 2-in gypsum ceiling, either poured-in-place 
or precast for full fire-resistive buildings of unlimited height, when the joists 
are rigidly connected to the steel girders. 

Washington, D. C., allows similar construction with a 1-in cement or 
gypsum plaster ceiling in residential buildings up to 85 ft in height; and 
a 1^-in ceiling of gypsum or other approved materials for full fire-resistive 
construction of unlimited height. 

Pittsburgh, Pa., requires a three-hour ceiling on metal joists for full fire 
protection in office and mercantile buildings, but accepts the %-in plaster 
orotection for two-hour construction in residence buildings. 

* See Gypsum Floors, Article 7- 
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Table XV. Steel-Joist Floor—Type A Construction 



Note: With steel deck centering, spacing of joists can be increased depending on weight 
of metal and live loads (consult manufacturers). Reinforcing bars not less than M-in diam¬ 
eter, spaced 12-in on centers longitudinally, and 24-in on centers transversely, can be used 
with removable metal or wood centering, or mesh of equivalent areas for types B or D, 
Fig. 66. 

Los Angeles, Cal., permits the metal joist with plaster ceiling in buildings 
up to 100 ft in height. 

Detroit, Mich. (Proposed Code), requires a 2-in precast or poured-in- 
place ceiling of gypsum or other approved materials in a first-class fire- 
resistive building of unlimited height. 
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In a paper presented before the Building Officials Conference at Madison, 
Wis., on April 21,1925, Mr. J. J. Calvin describes a test conducted at the Under¬ 
writers' Laboratories under Standard Time-Temperature procedure on a 
floor-construction consisting of 8-in built-up strip-steel joists manufactured 
by the Berger Manufacturing Co. spaced 15 in on centers on a 16-ft span, 
with a top slab consisting of %-in rib lath weighing 4 lb per sq yd, covered 
with 2 in of 1 : 2 : 4 concrete and a ceiling-protection of J^-in rib lath weighing 
3 lb per sq yd, plastered 7 /% in thick with three coats of fibered gypsum plas- 



13 " 

Standard End Connection for 11" and 12" Junior Beams 


Fig 65. Junior Beam Connections 

ter. The floor-construction was loaded with a superimposed load of 90 lb 
per sq ft, producing a fiber-stress of 16 000 lb per sq in in the joists under the 
total load of 130 lb per sq ft. The fire was continued for a period of 2 hr 2 % 
min. At the end of the test, the temperature of the fire was 1 835° F.; 
the temperature of transmission on the top slab was 300° F.; the temper¬ 
ature of the air-space surrounding the joists was 835° F. After termina¬ 
tion of the fire, the floor-assembly continued to absorb heat, and the de¬ 
flection increased from 2.7 in at the end of the test to a maximum of 3.1 in. 
After removal of the load the construction recovered approximately 1 in. 
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With the usual three-coat plastered ceiling, % in thick, the fire-resistive 
rating would be at least hours.* 

Sectional Systems. Many systems of precast units have been devised 
during the development of rf.inforced-concrete construction, consisting 
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been used between the steel beams of fire-resistive floor-construction as & 
substitute floor-filling for the usual clay-tile or concrete floor-arches. Such 
members are usually made as large as can be conveniently handled and of 
comparatively long span. 

Disadvantages of Sectional Systems. The reason that the sectional 
systems have not found favor is because they necessitate a fairly uniform 
spacing of beams throughout a structure, and this is generally impracticable. 
The casting of the parts has hitherto not been commercially successful, as the 
forms, although used repeatedly, have been more expensive than the usual 
centering at the building; and it is also generally necessary to use a concrete 
that is richer and more carefully prepared in order that it may stand the addi¬ 
tional handling. Even with all possible care, the breakages in transportation 
are considerable. As the methods of manufacture of factory-made members 
are constantly being perfected, chiefly in mechanical contrivances for cheap¬ 
ening the forms and reducing the handling during the process of manufacture, 
the economy of this method of construction may be substantiated, particu¬ 
larly when used in combination with a light structural-steel fire-proofed frame. 

Waite's Concrete Beam. In Fig. 67 is shown a type of sectional floor- 
construction that has been used in a number of buildings by the Standard 



Fig 67. Waite’s Concrete I Beams 


Concrete Steel Company of New York City. The floor-construction consists 
of a series of concrete I beams 10 or 12 in in depth, supported on the lower 
flanges of the steel beams, which are spaced from 5 to 7 ft apart. The con¬ 
crete beams are set about 18 in apart and the spaces between the lower 
flanges are filled in with a cinder concrete of the same composition as the I 
beams. On the tops of the concrete beams is placed a metal fabric of small 
mesh on which a lean-concrete slab is laid. This makes a comparatively 
light floor-construction, because of the large spaces between the concrete 
beams. The concrete I beams are cast at the shop and allowed to harden 
before they are sent to the building. In the lower flange is inserted, as shown, 
a steel reinforcement, of small circular ot other cross-section, to furnish the 
necessary tensile strength. The beams are cast with the proper lengths, in 
accordance with the drawings; and any slight variations at the building are 
made up by filling the spaces between the ends of the concrete beams and the 
webs of the steel beams, afid covering the webs of the latter with concrete. 
A similar construction, consisting of a series of T beams, with lower flanges 
in thick and 12 in wide and stems 2 in thick and 12 in deep, of 1 : 4 cinder 
concrete, reinforced with 3^6-in rods near the flanges, and without floor- 
finish of any kind, successfully withstood the fire, water, and load tests of the 
New York City Bureau of Buildings after having been constructed 28 days. 
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This system has proved to be practical in cases in which a flat or level ceiling 
is required and the steel floor-beams are 10 in or more in depth. The cost of 
construction compares favorably with that of other flush-ceiling types, but 
the system does not meet the present-day demand for shallow depth floors. 

The Watson Floor System. Two types of sectional floor systems for fire¬ 
proof floor-fillings between steel beams are shown in Figs. 68 and 69. For long 



Fig 68. Watson Reinforced-Concrete Floor-Construction. Without Slabs 


spans and heavy loads, the T sections are used, laid side by side; and for spans 
less than 20 ft and loads of 200 lb per sq ft or less, the beams are spaced 5 ft 
on centers with flat slabs between. This system is controlled and installed by 
the Unit Construction Company of St. Louis, Mo. Beams and girders are 



Fig. 69. Watson Reinforced-Concrete Floor-Construction. With Slabs 


cast with unit frames in horizontal molds, and slabs are made on edge in steel 
forms. In the American School Board Journal for August, 1912, Theodore 
H. Skinner describes the construction and erection of a story-and-basement 
schoolhouse with a structural-steel frame and shop-made reinforced-concrete 
joists, with unit-ribbed reinforced-concrete slabs. 

Miller Precast Unit. A system that is claimed to solve the problem of 
producing, handling and transporting large-size floor units to fit any column 
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spacing or irregularity of bays has recently been devised by Mr. Max Miller, 
Chief Engineer, Precast Floors Corporation, New York.* The floor units 
instead of being cast in one piece are shipped to the building-site in three 
separate lengths, with projecting reinforcement which loops into the gap 
between the precast units. A comparatively dry and stiff mixture of con¬ 
crete is poured into these gaps, to secure the continuity of the reinforcement 
and to transmit the shear and compressive stresses from one section to the 
other. (See Fig. 70.) The upper edges of the units are beveled to form a 
trough in which the negative reinforcement and the anchorage of the topping 
reinforcement are grouted with cement mortar. The steel girders are pro¬ 
tected with precast soffit and web-plates of cinder concrete. 

The joint-sections or gaps in each span-length to be concreted are 9 to 
in wide, and 6, 8 and 10 in deep. The standard unit is 12 in wide 
and 6, 8, 10, 12 in deep. The center units are of fixed length, variations 
in span being taken care of in the end units which are stocked in lengths 



Fig. 70. Miller System 


varying by 3- or 6-in intervals. Closer adjustments for length are made 
in the width of the concreted field-joints. The “Miller system" has been 
used in several apartment-buildings and in the erection of a building over 
the subway tracks of the New York transit system. Precast beams were 
installed over the tracks for the first floor of the building to minimize 
formwork interferences and the possibility of dripping concrete. It is 
claimed for this system that it is soundproof and will prevent condensation 
because of the hollow core; it produces a smooth, beamless ceiling; it can 
be installed in any weather; and it is economical because of light weight. 
The system has been approved in the City of New York for use on spans up 
to 26 ft and loads as computed by accepted engineering formulas. 

Lith-I-Bar System. The Lith-I-Bar Company, Kalamazoo, Mich., con¬ 
trols a system of shop-made concrete joists manufactured by introducing 
two layers of dry-mixed concrete in a long metal mold with a special electric- 

* Engineering News Record, March 28, 1929. 
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welded truss-reinforcement between the layers. The mold is then passed 

under a set of heavy cast-iron rollers 



which compact the concrete suffi¬ 
ciently to develop the required den¬ 
sity and strength. The joist units 
are used on a spacing of 18 or 24 in, 
and a 2-in top slab is cast in place 
either on removable metal pans or 
self-centering metal lath as shown in 
Fig. 71, to make a monolithic floor- 
system. Tests by the Engineering 
Department of the University of 
Michigan indicate that the bond 
between the poured-in-place slab 
and the shop-made unit is sufficient 
to develop T beam action. “Hay¬ 
dite” * lightweight concrete is used 
in the construction of this unit. The 
beam ceiling is readily adaptable to 
residence-construction, but where 
desired, a suspended plaster ceiling 
can be installed in the usual manner. 
It is claimed for this construction 
that its cost for small residence- 
buildings exceeds wood-frame con¬ 
struction by approximately 9 to 10 
cents per sq ft of floor-area. 

“Porete” Floor System. The 
Porete Manufacturing Co., Newark 
N. J., manufactures a precast hollow 
concrete-form in standard lengths 
of 4 to 6 ft. These units are set up 
in rows on formwork with pockets 
between the ends of abutting sections 
designed to be filled with cement- 
mortar grout in the field and to en¬ 
velop the reinforcing bars at these 
points with not less then 1 in of grout 
on all sides, at the same time that 
the ribs are poured between the units. 
Lugs are cast in the bottom flange 
of the shop-made units which act as 
chair supports for the reinforcing 
bars. Variations in span-length are 
provided for by any combination' of 
the standard units required. Nega¬ 
tive reinforcing steel is laid in the 
rib spaces over the steel beam-sup¬ 
ports. The concrete units are closed 
at the ends to prevent concrete flow¬ 


ing into the enclosed air-spaces. It 


is claimed for this system that it is simple and adapted to spans of 10 to 25 


* For discussion of “Haydite,” see Article 5. 
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ft and to live loads, based on the steel reinforcement designed according to 
standard reinforced-concrete practice. 

“Tee-Stone” System. The “Tee-stone” unit is a precast reinforced- 
concrete tee section designed for use as a floor-beam, wall-stud or roof-rafter. 



Fig. 72. “Porete” Long Span Floor System 


It is manufactured in the dimensions and form shown in Fig. 73, and in 
standard lengths of 8 ft to 16 ft. For floor-construction, it can be installed 
with the flange up or down, and as a wall-section the unit is usually erected 
with the stem inside. For flat ceilings and interior-wall construction, lath 
and plaster is attached directly to the stems, producing a hollow, enclosed 
space. The floor-section when placed with stem up has a wood nailing-strip 
attached to the top of the stem for nailing wood flooring, the flange produc- 
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Fig. 73. Tee Stone System 


ing a flat, level ceiling. The flange reinforcement, which projects 2^ in, is 
looped to that of the adjoining unit, and the 1-in space between the units is 
grouted or pointed up to produce a monolitbically reinforced wall or floor- 
slab. Longitudinal and transverse flange rods are usually ^ in in diame¬ 
ter, and longitudinal stem rods are varied to meet the design requirements 
in accordance with accepted practice. The floor units installed weigh 
20 lb per sq ft, and wall units from 12 to 20 lb per sq ft. They have been 
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Used in the construction of small residence-buildings and as a fire-resistive 
roof-construction over steel-frame buildings. It is claimed that the con¬ 
struction is not only fire-resistive, but damp-proof and indestructible, and 
can be installed in residence-construction at a cost very little in excess of 
frame buildings. The system is controlled by the Tee Stone Corporation, 
New York. No fire-tests are available on the completed units of this system 
and it is questionable whether sufficient protection has been provided for the 
main steel-reinforcement. 

Long-Span Concrete Floors. Little or no exact data on the fire resistance 
of long-span reinforced-concrete construction are available. For obvious 
reasons, no large-size controlled fire-tests have been made on this form of 
construction. In actual fires and conflagrations, the behavior of such floors 
as have been observed has resulted in conflicting conclusions, owing primarily 
to the varied quality of the concrete, and particularly, the character of the 
aggregates. For a discussion of these properties see Stone Concrete, Article 5. 
The structural design of this type of floor is treated in Chapter XXIII; only 
a brief discussion will be given here of the principles controlling the fire-resist¬ 
ance. Flat ceilings and the absence of sharp corners generally result in 
minimizing the destructive effects of fire. On the other hand, the expansion 
of solid masses of concrete in large areas, restrained in a rigid frame, will fre¬ 
quently result in spalling and ‘‘popping” of the concrete surfaces,exposing 
the steel reinforcement. The details of construction of the larger units must 
be based on the knowledge developed in tests of small units as regards pro¬ 
tection, character, and distribution of reinforcement. The more uniformly 
the steel is distributed in the concrete, the better the fire-resistance; a close 
arrangement of small areas of steel results in better fire protection than larger 
reinforcing units widely spaced; and the two-way construction with rein¬ 
forcement in both directions is superior to the one-way type. The type of 
floor-slab constructed of hollow units of light-weight materials properly 
incorporated with solid structural elements of reinforced concrete produces a 
more elastic assembly with better fire-resistance, and is discussed in the fol¬ 
lowing paragraphs. 1 

Ribbed and Combination Floors. Ribbed floors with concrete joists 
extending in one or both directions and a top slab of reinforced concrete should 
have a minimum thickness of at least in of concrete above the ribs. 
When, however, a ceiling of % in of gypsum plaster on metal lath is sus¬ 
pended below the ribs, the floor-plate thickness may be reduced to 2 in. 
When incombustible floor-fillers are used, as in the combination floor, and 
become part of the structural floor-slab, the topping of concrete may be 
entirely omitted, provided a protection or floor-fill of cinders or other light, 
porous, incombustible material continuously covers the top of the slab to a 
minimum thickness of 2 in, and provided further that the ceiling is protected 
with a 2^-in coat of fibered gypsum plaster or a %-in coat of sanded gypsum 
or Portland-cement plaster. In all cases, the ribs should be of sufficient 
width and depth to provide minimum protection of 1 in outside of the rein¬ 
forcement on all sides. 

Gypsum Tile Fillers. A form of combination floor has been used to 
considerable extent in recent years, in which the space between the reinforced 
concrete ribs is filled with gypsum partition-tile. To secure a uniform 
plastering base, soffit blocks are used for facing the joists, 1 in thick and of 
the required width of joist. This floor-construction requires a topping of 
not less than lj^ in of concrete on a system reinforced in two directions, and 
a ceiling of % in of fibered gypsum. Such fillers are not of sufficient Strength 
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to be included in the computations of the resistive section for load-bearing 
capacity. 

Clay Tile-Combination Floors. Structural clay-tile for use in com¬ 
bination floors should at least comply with the medium grade • of the Ameri¬ 
can Society for Testing Materials. The shells of the tile in contact with the 
concrete and at least 50% of top and bottom shells not in contact with con¬ 
crete can be included in the resisting sectionf when the tile is selected to be of 
equal strength with the concrete. When the top slab is omitted from the 
combination section, a plastered ceiling should be provided and a top 611 of 
incombustible materials should be placed to form an unbroken blanket over 
the top of the system at least 2 in thick. To provide for a uniform plaster 
base, soffit slab tiles can be installed under the concrete ribs, scored on one 
side, as are the tile filler-blocks. 

lt Natcoflor ” System. The structural clay-tile blocks for this system 
are manufactured by the National Fireproofing Company, with special bottom 
flanges to provide a continuous base for plastering, as shown in Fig. 74. The 
design of the tile provides for the largest section of clay at the top of the block 
to resist compression stresses, and the tile are made of high-strength clays. 
The 2-in joints are generally poured of a rich cement-mortar grout which 
thoroughly protects the steel reinforcement and completely fills the joint. 
The claims made for this system are: greater speed of erection, lighter-weight 
construction, economical floor-depth, and a saving in plastering and other 
labor costs. 

Special tile are also furnished with this system for the ends of continu¬ 
ous spans at supports, the relative top and bottom areas of the tile walls 
being reversed. (See Fig. 75 ) Shallow tile are also provided to take care 
of conduit runs when cement or terrazo floor finishes are used, as shown in 
Fig. 76. Where wood floors with sleepers and cinder fill are installed over the 
slab, the conduit can be run between the sleepers. 

41 Schuster 99 Floor System. “Schuster” two-way combination floors 
are composed of structural clay floor-tile 12 in by 12 in or 16 in by 16 in in 
size, of medium or hard grades. J The steel reinforcement is installed 16 or 
20 in on centers in both directions, as illustrated in Fig. 77, producing ribs 
4 in wide. When the concrete mixture is poured into the ribs, it flows into 
the cells of the filler tiles, bonding tile and concrete together, and the cross- 
section of the tile is included in calculations for bending-moment and shear. 
As previously noted, when the topping is omitted for fire-resistance, the slab 
should be finished with a %-in plaster ceiling below and a 2-in incombustible 
fill above. The advantages of this construction, properly designed, include: 
flat ceilings; minimum floor thickness; elimination of intermediate beams 
and girders; rapid and economical construction. Floor-tile are furnished 
4, 6, 8, 10 and 12 in in thickness. The thickness of the floors should not be 
less than ^gof the average span and in no case less than 4 in, but is dependent 
on the required design strength for heavy loads and long spans. The weight 
of the floor averages approximately 8j^ lb per sq ft per in of slab thickness. 

41 Republic Slagblok ” System. The “Slagblok” combination floor 
controlled by the Republic Fireproofing Company, Inc., New York, is installed 
as a one-way or a two-way system, using a special concrete floor-block made 
of a slag-aggregate concrete. The “slagblok” unit is 16 in by 16 in by 3, 

• See Floor-Tile Specifications, Table V, Article 5. 

t Technologic Paper No. 291 and Research Paper No. 181, U. S. Bureau of Standards. 

X See discussion of Structural Clay-Tile, Table V, Article 5. 



988 


Fire-Proofing of Buildings 


[Chap. 22 


6,7 or 8 in. The concrete ribs are 4 in wide, and reinforcement is spaced 
20 in on centers, as shown in Fig. 78. The “Slagblok” is manufactured 
exclusively by this company of a slag-concrete mix in steel molds under pres¬ 
sure. Each unit is made up of two blocks 8 in by 16 in in area with one open 
end and a tapering core, so that the two halves, when set in position on the 











Typical Details 

Showing Use of Monolithic Cement Finish and Tile Soffit where an All Tile Ceiling is 

Desired 

Fig. 77. Schuster Floor System 

the "slagblok” should develop strength properties equal to those of the con¬ 
crete which composes the ribs. 

“ Battledeck ” Floor-Construction* The "Battledeck” floor-con¬ 
struction developed by the American Institute of Steel Construction con¬ 
sists of a structural floor of or J^-in steel plates welded to each other on 
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all edges and to the top flanges of the supporting floor-beams, with a fire- 
resistive ceiling of metal lath and plaster or any of the forms described in 
Article 8. suspended from the lower flanges of the floor-beams as shown in 
Fig. 79. The claims made for this construction are: extreme lightness in 
weight, averaging 10 to 15 lb per sq ft exclusive of weight of floor-finish and 
fire-resistive ceiling; ease and rapidity of erection; economical design in that 
the parts are assembled into a structural unit, with a statically determinate 
resisting section; flexibility in adapting the systems to irregular panels; and 
low labor costs. As a fire-resistive flooring, cork or rubber tile, composition 



floors, linoleums or plastic asphalt can be laid directly on the steel floor- 
plates. Among its probable disadvantages may be included the inadequacy 
of a continuous fire-resistive ceiling as a protection for structural steel in 
first-class fire-resistive construction; insufficient mass and stability in the 
floor-construction to transmit horizontal shears and bending-stresses from 
wind and other lateral forces for tall building frames; and probability of 
transmission of sound and vibrations throughout the frame through con¬ 
tinuous steel contact without insulation. Tests are now in progress at the 
U. S. Bureau of Standards on methods and materials for fireproofing the 
members of the floor. The system is quite new, and extended experience 
with the construction is not yet available. 

Tie-Rods. In all segmental arches and other types in which a thrust is 
exerted against the beams, tie-rods must be provided to prevent the beams 
from being pushed apart, and especially to prevent the outer bays from 
spreading. They should run from beam to beam from one end of the floor to 
the other. If the outer arches spring from an angle, as in Fig. 38, the tie-rods 
in this bay should be anchored into the walls with large plate-washers. The 
tie-rods should be located in the lines or thrust of the arches, which are 
ordinarily below the half-depth of the beams, and in some cases near the hot- 
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tom flanges. If their appearance is objectionable, they should be hidden by 
a hung ceiling. As a rule tie-rods are proportioned and spaced according to 
some rule of thumb rather than by actual calculations of the thrust. For 
the interior arches this practice is probably safe enough, but for outside spans, 
and particularly for segmental arches, the thrusts of the arches should be 
computed and the rods proportioned accordingly. The spacing of the rods is 
generally eight times the depth of the supporting beams, but never more than 
8 ft. For interior flat-tile arches, the following rule can usually be safely 
followed: for spans of 6 ft or less, use J£-in rods spaced about 5 ft apart; 
for 7-ft spans, %-in rods, 5 ft apart; and for 9-ft spans, J^-in rods, 4 ft apart. 

Floor Plate, Thickness 3 A* u ot /-Bead Weld 



Section A-A 


Fig. 79. Battledeck Floor 


The horizontal thrust of an arch may be found by the following formula: 

T 3wL2 

2 R 

in which T — pressure or thrust in pounds per linear foot of arch; 

w — load on arch in pounds per square foot, uniformly distributed; 

L — span of arch, in feet; 

R -■ rise of segmental arch, or effective rise of flat arch, in inches. 

Load-Tests. It may be desirable at times to test fire-resistive floors after 
they have been installed. The same precautions should be taken as for tests 
on reinforced-concrete construction. If it is desired to determine from such 
tests the ultimate strength, a section of the floor of a width equal to the 
span should be cut loose from the rest and loaded to destruction, the sup¬ 
porting steel beams being shored up during the test. The safe working 
load is found by dividing the breaking-load by the proper factor of 
safety. 

8. Fire-Resistive Ceilings 

Flit Versus Paneled Ceilings. In beam and arch floor-construction 
without hung ceilings, the projection of the beams below the ceiling-line 
forms pockets for the retention of heat and flame, increases the exposed area, 
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and, when attacked by fire, results in greater structural damage. A hung 
celling below such floor systems provides additional fire protection antf 
minimizes the destructive effects of flames and high temperatures. In addi¬ 
tion, a flat ceiling can be more readily and economically protected with auto¬ 
matically operated sprinklers than a paneled ceiling. Moreover, a perfectly 
flat ceiling reflects more light, makes a better-lighted room, and dissipates 
the heat. For these reasons, a flat ceiling is generally to be preferred to a 
paneled ceiling. In steel-frame construction, it is frequently possible to 
lower the concrete slab or clay tile arch to the bottom flanges of the floor- 
beams, thus accomplishing the same results. A discussion of the fire-resistance 
of a plaster ceiling will be found under Mortars and Plasters, Article 5, and 
in the description of floor systems which depend for their resistance on pre¬ 
cast or field-constructed ceilings suspended below the floor-beams. 

Types of Ceilings. Combustible Construction. Modern building codes 
generally require the protection of combustible floor and partition construc¬ 
tion of wood joists or studs with coverings of J^-hour or one-hour fire-retardant 
value in special locations such as cellar ceilings, soffits of stairways, and 
stair-enclosures. In 1914, a test to determine the relative fire-resisting merits 
of six different types of ceiling-protection was made for the City of New 
York in the standard fire-test chamber on a wood-joist roof-construction 
divided into six panels, protected as follows: No. 1, No. 25 gauge expanded 
metal lath plastered with % in of lime plaster; No. 2, J^-in plaster boards 
with J^-in furring strips and 29 gauge stamped ceiling metal; No. 3, J^j-in 
furring strips and 29 gauge stamped ceiling metal (same as No. 2 with plaster 
boards omitted); No. 4, wood lath plastered with lime plaster similar to 
No. 1; No. 5, Yi -in furring strips covered with 2 layers of 29 gauge metal; 
No. 6, J^-in tongue-and-groove boards covered with 29 gauge stamped 
ceiling metal. The top of the floor-joists was covered with a 2-in slab of 
reinforced-cinder concrete. The construction was subjected to the standard 
fire-test for a period of one hour, the temperature being gradually raised 
to reach 1 700° F. at the end of the period. Approximately 12% of the 
wood beams was charred in Panel No. 1; 5% in Panel No. 2; practically 
all charred in Panel No. 3; almost all burned away in Panel No. 4; 50% 
charred in Panel No. 5; and 24% charred in Panel No. 6. The temperature 
on the top surface of Panels 3 and 4 reached critical end-points in 10 min¬ 
utes, of Panel 5 and 6 in 15 minutes, of Panel 1 in approximately 20 min¬ 
utes, and of Panel 2 in 3^ hour. The general observations led to the rating 
of these protections in the following order of merit: Nos. 2, 1, 6, 6, 3, and 4, 
and demonstrated a full one-hour rating for the plaster board and metal 
protection, approximately Yl hour for the metal lath and lime plaster, 
and not more than l A hour for the wood lath and plaster. Although 
this test was not conclusive proof of the definite ratings of these several pro¬ 
tections, the above conclusions seem to be warranted, and are further con¬ 
firmed in the light of more recent data developed in fire-tests of full-size 
constructions in accordance with the American Engineering Standards 
procedure. 

Table XVI shows the fire-resistance rating developed in several investiga¬ 
tions of ceiling-constructions tested under carefully controlled time-tem¬ 
perature procedure. A description of these several types of construction 
is given in the following paragraphs. 

Metal Lath and Plaster (Combustible Construction). Type 1. Ceiling 
constructed of %-in standard diamond mesh metal lath, No. 25 U. S. 
gauge weighing 3 lb per sq yd, attached to wood joists with 2-in, 6-penny 
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Table XVI. Fire-Resistive Ceilings 


Type 


Rating 


Description 


Remarks 


Combustible 


t* - Hr 


No. 84-Gauge- 
Metal Lat h ^ 


Wood Joist 


Plaster-3 Coat Sanded Gypsum 


Underwriters 

Tests 

1922 


2 

Combustible 

„ U - 8 -~ 
Gypsum Co. 
Standard “X*’ 


|X Standard X Lathgg^wood Joist 


1-Hr. 


^ J^Standlrd X Plaster-a Coats 
Note:- 3 Metal Fabric Applied to all Joints of Lath 


Colombia Univ,- 
N.Y.Clty Test 
1929 


Ihcombustlblel 


1-Hr. 



'X Plaster 8 Coat Fibered Gypsum 


Underwriters 

Tests 


incombustible 


IK-Hr. 


Clip. 


y Plaster 3 Coat Fibered Gypsum 


Underwriters 
Tests and 
Columbia Unlv.- 
N.Y.Clty Test 


, 7'- Is o.o . 1 forced Clip-on Block 

^Clip 1 L« iV'o.c. _ \ || 


(recast 

CAmerican 

Clifi-on”) 


3-Hrs. 


\ yj' Plaster ‘ No. 5 Gauge 


(Interpolated) 


Precast 
V. American 
Clip-on”) 


l-.Hrs. 


n l"- Is J&'o.o.* Reinforced OUp-on Block n 

^^"Plaster 


Colombia Unlv.- 
H.Y.Clty Test 


No. B Gauge 

. „}<"* l'fcangor . 

^-jlJKQyprom Groat Jt| 


Steel Beams 2-6 o.c.. 


Structural 

Gypsum 

Precast 

^Gypsteel”) 


4-HrsJ 






iBlook Reinforcement V'Gypsum Block "Plaster 


Colombia Univ.- 
N.Y.City Teat 


8 

U.S. 
Gypsum Co. 
Poured-in- 
, u Place 
( Pyroflll’ ) 


1-HrsJ 



Columbia Unlr.- 
N.Y.City Test 


* If finished on top of joists with rough flooring, insulating felt, furring strips and 
finish ed flooring, a 1-hour Fire-Resistive rating is given to the floor-construction 
complete. 
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nails or staples spaced 6 in; lath lapped at junctions with walls and parti¬ 
tions; plastered with 3 coats of sanded gypsum plaster or Portland-cement 
mortar, results in a protection on one side of wood studs or floor-joists with 
a J^-hour fire-resistive rating. When applied on both sides of wood studs, 
such construction is rated with one-hour fire-resistance. 

Type 2. Standard X Ceiling. Constructed of %-in plaster board, 16 in 
by 48 in, finished on the back with a moisture-resisting fiber felt, erected with 


n 


Metal Hanger 



Fig. 80. Simplex Steel Products Co., 1-Hout Ceiling Protection. Showing Construc¬ 
tion of Ceilings and Method of Hanging Simplex Ceiling Runners to Steel Lumber 


broken joints, each lath nailed to the joists with ten in by No. 11 gauge 
nails with flat thin heads, placed around the edges of the boards; all lath 
joints, nail-heads, and corner angles covered with 3-lb Standard X diamond 
mesh fabric, 3 in wide by 48 in long, secured with 2-in finishing nails, driven 
and bent over; plastered with 2 coats of fibered gypsum Standard X 
plaster and hard finish, results in a one-hour fire-resistive rating. 

Plaster Board ceilings can also be applied to steel floor-beams or joists, 
as shown in Fig. 80. The Simplex metal hanger here shown is readily 
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attached to the runner channels, and the board is held in place by steel pins 
or nails in punched prongs. 

Type 3. Light Metal Lath and Plaster (Incombustible Construction). All 

the available data secured from fire-tests and actual fires in buildings indicate 
that metal lath and plaster construction on steel column, girder or ceiling 
construction will develop a one-hour fire-resistance. The value of this 
protection depends first on the details followed in the construction, and 
secondly, on the actual insulation afforded between the protecting coat and 
the structural member. Following are the specifications for purring, lath¬ 
ing and plastering which are the minimum requirements for a properly 
executed ceiling-protection of metal lath and plaster. For details of con¬ 
struction see Figs. 81 to 88. 



( a ) Running Bars. When furring channels are not directly clipped to 

floor-beams, runner bars to consist of lV^-in channels or by }^-in 

flats suspended by No. 8 galvanised steel hangers or 1-in or l,V£-in steel 
flats. 

( b ) Furring Channels. To be % in cold or hot-rolled channels for 
spans not exceeding 4 ft, and 1-in channels for spans not exceeding 5 ft. 

(<*) Metal Lath. For spacing of furring channels not exceeding 12-in 
centers, 3 lb No 25 gauge flat expanded lath or No. 19 gauge wire lath; not 



Fig. 82. Directly Attached Typical Fire-proof Floor and Ceiling-construction 


exceeding 16-in centers, 3.4 lb No. 24 gauge flat expanded lath or No. 18 
gauge wire lath, or 3 lb % in rib lath, or No. 20 gauge V-stiffened wire lath; 
not exceeding 24-in centers, 3.4 lb % in rib lath, or No. 18 gauge V-stiffened 
wire lath. 

(d) Plastering. For one-hour fire-resistive rating, plastering should not 
be less than in thick, of gypsum fibered or sanded plaster, or Portland- 
cement mortar. 

Type 4. Heavy Metal Lath and Plaster. By minimizing the transfer of 
heat from plaster ceiling to structural beam through increasing the insulation 
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between the two, the retardant rating of Type 3 protection can be increased. 
Fire-tests conducted at the laboratories of Columbia University indicate 
that this object can be accomplished by suspending the ceiling so as to break 
the contact as completely as possible between the beam and its covering, or 

by increasing the thickness of the ceiliug 
TT TTZTrrrzrn coat. For a l^-hour rating, the minimum 

m;*-. fefcri thickness required is a poured ceiling of 

in of reinforced fibered gypsum or Portland- 
cement concrete, or a J^-in plastered ceiling 
suspended 1% in from the supporting beam. 
Chrap Bar Types 5, 6, 7, and 8 are described under 
# * * a » Gypsum floors, Article 7. 

1X Suspended Ceiling Details. Oflice-build- 

I rz -~{J^ cFurring Ba r j n g S> apartment-houses, etc., having flat 

TMinrj i ffi. Vim i i-i g -,P ■ s roofs, require ceilings below the roofs in 

'"Lath ^Plaster mire order to make a proper finish in the rooms 

Lacmir and also for heat-insulation; also with beam- 
Fig. 83. Suspended Ceiling and-girder type floors, suspended ceilings may 

be required. In office-buildings the ceilings 
of the top story are often framed and constructed like the floors, but with a 
lighter construction. More often the ceilings are suspended from the roof, as 
this requires much less steel and is consequently much cheaper. It answers 


M Clamp Bar 


iy£ x * fr*~ 7 ~Hanger lx^i 
Running Barfl Furring Bar 


Fig. 83. Suspended Ceiling 



Wire Hanger with Anchor Flat Hanger Anchored in 

Bolt Connection Concrete Slab 

Fig. 86. Suspended Ceiling. Intermediate Hangers 

flanges of the roof-beams, are used to support Y\ e by %-in or by J^-in 
flat steel bars, spaced from 4 to 5 ft on centers; and to the under-side of these 
are laced %-in, %-in, or 1^-in channels, 12 to 24 in, to receive the metal 
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lathing. The bottom of each hanger is bent at right-angles to form a 
seat for the bar, and the bar is laced to the hangers. No bolting or riveting 
is required, all connections being made by lacing wire, or by bending the iron. 
If ordinary lime mortar is used for plastering a 12-in spacing is the maximum 
permissible. 

Figs. 83 and 88 show very satisfactory details for the construction of these 
systems. Where the ceiling is suspended below clay-tile arches, toggle-bolts 



Bolted 

HXHX H-in angle 
lug with M ,-in bolts 


Passed through 
Running bar punched 
to receive furring bar 
with snug fit 


Furring 
Channel 

Clipped 

Hair pin Clip of No. 
9 annealed galvan¬ 
ized wire. 



Fig. 87. Methods of Connecting Furring Bar to Running Bar 


are used for the support of the hangers. The ends of the small bars supporting 
the lathing are usually spliced by means of sheet-iron clamps, about 6 in long, 
wrapped closely around the bars and hammered tight. For suspended ceil¬ 
ings under segmental or paneled floor-construction, the same methods are 
employed, except that the hangers are replaced by clips holding the ceiling- 
bars close to the soffits of the beams, as shown in Fig. 82. 



Fig. 88. Suspended Ceiling. Details of Two-Bar System 


9. Types of Reinforcement 

The Types of Reinforcement used in monolithic concrete construction are 
described and discussed in Chapter XXIII. All of these forms may be 
used in fire-resistive floor-construction. In addition, however, there 
are other types of reinforcement that are not generally adaptable to rein- 
forced-concrete members, but are particularly useful in short-span floor arches 
in skeleton steel frames. They are generally manufactured in units of small 
cross-section in order to give a uniform distribution of steel throughout the 
floor-area to resist stresses produced by high temperatures as well as the 
tension due to flexure. The reinforcement discussed in this Chapter may 
be classified in the following types: (a) wire fabric; (6) expanded mesh; 
(c) self-centering; (d) deformed sheet steel. 
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(a) Wire Fabrics are especially advantageous for use in floor systems of 
structural steel or reinforced-concrete frames, as they are less likely to be 
displaced in erection and the distribution of the reinforcement provides more 
effectively against unequal temperature-stresses than larger units more 
widely spaced. The wire is manufactured under Standard Specifications * 
for cold-drawn wire. The basic difference between hot-rolled bars and 
cold-drawn wire is an increase in ultimate strength of the latter, using the 
material of the same low carbon-content and ductility as that employed in 
the hot-rolled bar, through the action of cold-working of the metal. The 
cold-drawn wire has no definite yield-point, the wire continuing to stretch 
gradually with increased stress even after the true elastic limit of the mate¬ 
rial has been passed, compared to the sudden large elongation of the hot- 
rolled product at its yield-point. Slabs reinforced with wire fabric will 
develop a large number of small and well-distributed cracks with large 
deformation and deflection before failure. With steel of the same ultimate 
strength, cold-drawn wire can be stressed with the same degree of safety 
about 25% beyond the hot-rolled product. 

On the other hand, the increased strength due to cold working may be off¬ 
set by the high temperatures transmitted through the protective covering 
outside of the reinforcement when attacked by fire. In a 2 000° F. fire, the 
temperature of the reinforcement may reach as high as 1 700°, sufficient 
to anneal the wire when cooled.f Another disadvantage of the cold-drawn 
product is the lack of flexibility of the material and the difficulty of unrolling 
the wire and holding it in place in the concrete floor-forms. Because of this 
difficulty, low-carbon mild steel is frequently substituted in practice, 
still using the higher working stresses permitted with cold-drawn wire. 
Furthermore, electric welding of the fabric at mesh intersections is more 
effectively accomplished on mild steel hot-drawn products, and samples of 
welded fabric selected in the field are apt to show the properties of ordinary 
hot-rolled mild steel in physical tests. 

Triangle Mesh Wire Reinforcement. Under this name the American 
Steel and Wire Company is manufacturing a wire fabric of cold-drawn steel 
wire for the reinforcement of fire-proof floors. A detail of the standard 
material is shown in Fig. 89. The triangular mesh is built up of either single 
or stranded longitudinals with the cross-wires or bond-wires running diag¬ 
onally across the width of the fabric. It is claimed that the triangular mesh 
affords an even distribution of the steel, reinforcing in every possible direction, 
and that the strength is increased by reason of the truss-construction. The 
longitudinal wires in Triangular Mesh are invariably spaced 4 in on centers, 
but the diagonal wires may be spaced either 4 or 8 in apart. The manu¬ 
facturers can furnish different styles, giving variations in the cross-sectional 
area as shown in Table XVII. The material is furnished either galvanized 
or plain. This type of fabric results in greater load-bearing capacity 
than electrically welded rectangular mesh of equal areas and weights. 

American Electrical Welded Fabric, shown in Fig. 90, is also manufactured 
by the American Steel and Wire Company in sizes of mesh and wire given 
in Table XVIII. The cross-wires are rigidly secured to the longitudinals and 
prevent the latter from slipping in place. It is furnished either plain or 
galvanized. 

Clinton Welded-Wire Fabric is manufactured by the Wickwire Spencer 
Steel Co., New York, of sizes and mesh similar to American fabric. Fig. 91 

• A.S.T.M. Spec. A 82-27. 

f Cinder Concrete Floor Construction, Trans. Am. Soc. C. E., Vol. LXXIX, page 523. 
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Table XVEL Triangle Mesh Woven Wire Concrete Reinforcement 


Number and gauge , Sectional 
of wires each, 1i : 


longitudinal, 

A. S. & W. Co.’s 
steel wire gauge 


Longitudinals Spaced 4 in 

1—No 12 gauge 

1—No. 11 gauge 

1—No. 10 gauge 
1—No. 9 gauge 
1—No. 8 gauge 
1—No. 7 gauge 
1—No. 6 gauge 
1—No. 5 gauge 
1—No 4 gauge 
1—No. 3 gauge 
1 —X m 

1— No. 2 gauge 

2— No 6 gauge 

2—No. 5 gauge 

2— No 4 gauge 

3— No 6 gauge 

3—No. 5}-i gauge 

3—No. 5 gauge 
3—No. 4 1 /£ gauge 
3—No 4 gauge 
3—No 3^2 gauge j 


? eCti -h n ?-* r ?*l sectional* areas, ‘S' 

l ° S> s< * in per °* * abric weight, 

sq m per -- lb per 

100 sq ft 



Cross Wires No 
026 
.034 
.043 
.052 
.062 
.074 
.087 
.101 
.120 
.140 
.147 
. 162 
.174 
.202 
.239 
.261 
. 2Sj 
303 
.330 
.359 
3H9 


14 Gauge, Spaced 4 in 


.032 

22 

.040 

25 

.049 

28 

.058 

32 

.068 

35 

.080 

40 

.093 

45 

.107 

50 

.126 

57 

.146 

65 

. 153 

68 

.168 

74 

.180 

78 

208 

89 

245 

103 

267 

111 

287 

119 

.309 

128 

336 

138 

.365 

149 

395 

160 


3—No 4 gauge .359 

3—No 3*2 gauge _3H9_ 

Longitudinals Spaced 4 in. Cross Wires No. 14 Gauge, Spaced 8 in 


l—No. 12 gauge 
344 P 1—No 11 gauge 

353P 1—No. 10 gauge 

362P 1—No 9 gauge 

372P 1—No. 8 gauge 

384P 1—No 7 gauge 

397P 1—No. 6 gauge 


Longitudinals Spaced 4 in Cross Wires No 12} a Gauge, Spaced 8 in 



041R 

1—No 12 gauge 

.026 

.014 

.041 

21 

049R 

1—No. 11 gauge 

034 

.014 

.049 

24 

058R 

1—No. 10 gauge 

.043 

.014 

.058 

28 

067R 

1—No 9 gauge 

.052 

.014 

.067 

31 

077R 

1—No. 8 gauge 

.062 

.014 

.077 

35 

089R 

1—No. 7 gauge 

.074 

.014 

.089 

40 

102R 

1—No. 6 gauge 

.087 

.014 

.102 

44 


Longitudinals Spaced 4 in Cross Wires Nos. 14 and 12}£ Gauge, Spaced 2 in 
(This material is used principally for cement gun work) 


Style No. 


Number of 
wires each, 
longitudinal 


Gauge of 
wires each, 
longitudinal 


Gauge of 
cross wires 


Approximate 

weight, 

lb per 100 sq ft 



Rolls: Standard lengths 150, 200 and 300 ft. 

Widths: Approximately 16, 20, 24, 28, 32, 36, 40, 44, 48, 52 and 56 In. 
Finish: Plain or galvanized. 

Tensile strength: Standard, 70,000 to 85,000 lb per sq in. 
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Table XVIII. American Electrically Welded Fabric 
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Table XVm (Continued). American Electrically Welded Fabrie 


Spacing of wires, 
in 

Gauge number 

Sect, area, 
sq in per ft 

Weight 
per 100 
sq ft lb 

Longit. 

Trans. 

Longit. 

Trans. 

Longit. 

Trans. 

4 

4 

4 

4 

. 120 

.120 

85 

4 

4 

6 

6 

087 

.087 

62 

4 

4 

8 

8 

.052 

.062 

44 

4 

4 

10 

10 

043 

.043 

31 

4 

4 

12 

12 

.026 

026 

19 

4 

4 

14 

14 

015 

.015 

11 

3 

3 

10 

10 

057 

.057 

41 

3 

3 

12 

12 

' .035 

.035 

25 

2 

2 

10 

■ : H 

086 | 

.086 

60 

2 

2 

12 

12 

.052 

.052 

37 

2 

2 

14 

14 



21 

2 

4 

12 

1-’ 

052 

026 

28 

2 

4 

14 

14 

.030 

.015 

16 


Rolls: Standard lengths 150, 200 and 300 ft. For No. 2 gauge vires and larger, flat 
sheets only. 

Widths: Multiples of the spacing of longitudinal wires up to a maximum width which 
varies with the size and spacing of the longitudinals Approximate maximums 56 to 72 in 
for 2-in spacing, 84 to 96 in for 3 or 4-in spacing, and 96 to 120 in for 6-in spacing. 

Tensile Strength: Standard, 60,000 to 70,000 lb per sq in, 70,000 to 80,000 lb furnished 
when ordered. 

Weights: All above weights are based on a width of 60 in measured from center to 
center of the outside or selvage longitudinal wires. 

shows the monolithic character of the weld, and in tension tests strands 
of wire always fail outside of the junction. The claim is made of perfect 
adhesion between reinforcement and concrete and no obstructions to 



Hg. 89 . Wire-Fabric Reinforcement, Triangular Mesh 
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pouring of the slab mixture. The material is galvanized thoroughly before 
being welded, or is furnished plain. Electrically Welded Fabric is also 
manufactured by the National Steel Fabric Co. of Pittsburgh, Pa., of No. 16 
gauge to ^8-in longitudinal wires and 16 gauge to ^ 32 -in transverse wires. 
Longitudinal wires are spaced 2, 3, 4, 6, 8, 9 or 12 in on centers and transverse 
wires 2, 3, 4, 6, 8, 9, 10, 12, 16 or 18 in on centers. 
It is furnished in rolls or sheets of any desired lengths 
and in widths of 2 ft to 11 ft 6 in. Stock lengths of 
rolls are 100 to 300 ft. 





Fig. 90. Electrically 
Welded Wire Fabric 
Reinforcement 


Fig. 91. Cross-section of Weld, Illustrating the Fusing 
Together of Longitudinal and Transverse Members 


(b) Exp anded Mesh. Steelcrete. Steelcrete reinforcing fabric is a 
diam ond mesh, cold-drawn from a solid steel plate by the Consolidated 
Expanded Metal Companies, Wheeling, W. Va. It possesses many of the 
properties of cold-drawn wire with a guaranteed theoretic elastic limit 60 
per cent higher than commercial medium steel. * Steelcrete Mesh is free 
from mechanical and welded joints, and provides distribution of reinforce¬ 
ment in all directions. It is furnished in large, flat sheets and is much more 



Fig. 92. Expanded Metal, Diamond Mesh 


readily handled on the job than rolled wire fabric. Table XIX gives the 
sizes of sheets and the effective reinforcing area per foot of width of fabric. 
Expanded metal reinforcement is also furnished by the Genfire Steel Com¬ 
pany, Youngstown, Ohio. 

(c) Self-Centering. In addition to the laths noted in Article 13 as pos¬ 
sessing the necessary characteristics and rigidity to serve as combined cen¬ 
tering and reinforcement for concrete floor or roof slabs generally supported 
on top flanges of steel floor joists or light-weight structural beams, permanent 
centering pr self-centering is produced in special forms by many of the 


♦A. S. T. M. Spec. A15-30. 
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Table XIX. Standards for “ Steelcrete ” Expanded Metal 



Note. All the above sizes are furnished in a standard dmmond 8-in length and approxi¬ 
mately 3-in width. All sizes are furnished in stock lengths 8, 12 and 16 ft. In addition, 
all sizes from 3-13-075 to 3-9-35, inclusive, are furnished in stock lengths of 10 ft. 

lath manufacturers. These laths are furnished in either flat or segmental 
sheets, pressed into a series of solid ribs, between which the metal is stamped, 
perforated, or deformed into an open mesh-work. The size of the mesh 
must not be large enough to permit fairly dry mixes of concrete to leak through. 
These laths are furnished painted or galvanized, and in open-hearth mild steel 
or in special copper-bearing or alloy steels. 
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Fig. 93. Section of ?^-in “ Ribplcx ” Sheet 

Rlbplex, shown in Fig. 93, is manufactured by the Berger Manufacturing 
Co. of Canton, Ohio, with %-in ribs spaced 4.8 in apart, with herringbone- 
mesh panels between the ribs, all formed cold from the same sheet of metal. 
The sizes of available sheets and the cross-section area of metal per foot of 
width of sheet are given in the following table. Under the weight of wet con- 

Ribs are % in high spaced 4.8 on centers 

Painted Steel jM'-In Ribplex 
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crete, the self-centering must be selected of sufficient strength to support 
the construction loads, or temporary shores or reinforcement must be pro¬ 
vided to prevent deflection of the forms. Maximum permissible spans for 
Ribplex under a wet concrete are given in the following table. When the 


Maximum Spans with Wet Concrete 


Slab thickness. in 

mm 

■9 

3 

3H 

4 

Gauge of %-in Ribplex 
Maximum span.... ft 

28 26 24 
W 3H 4 

28 26 24 

3 3^ 

28 26 24 
2X 3 3 „ 

28 26 24 
2^ 2^3 

28 26 24 

2 X 2 l A 2 H 


span exceeds these limits, temporary supports must be installed until the 
concrete sets. 

Three-quarter-in Hy-rib is manufactured by the Truscon Steel Co. of 
Youngstown, Ohio, in the weights and sizes shown in the following table. 



% -in. Hy. Rib 


Weight 
pc r sq ft, 
lb 

Height 
of ribs, 
in 

Spacing 
of ribs, 
in 

Number 
ribs per 
sheet 

Width 
of sheet, 
in 

Cross-sectional 
area per foot 
width, sq in 

.58 

H 

4 c. to c. 

8 

28 

.1172 

.68 

H 

4 c. to c. 

8 

28 

.1407 

.78 

H 

4 c to c. 

8 

28 

.1642 


Lengths of 6, 8, 10 and 12 ft. Packed 8 sheets per bundle. 


Tig. 94. Properties of *£-in Hy-Rib 

Self-Sentering is manufactured by the Genfire Company, Youngstown, 
Ohio, in th^ee sizes as shown in the attached sketch and table, Fig. 95. The 
ribs are approximately J 4 in high, spaced 3*^ in on centers. 

(d) Deformed Sheet Steel, rolled with ribs or corrugations, as described 
in Article 10 , is applicable as a self-centering reinforcement in short-span 
concrete slabs built between or on the top flanges of structural steel or light¬ 
weight open-joists. The sheets generally should be installed with the flat 
faces in contact with the bearings and the ribs projected upwards into the 
slab. The span of the sheet should be limited so as not to produce deflection 
under the weight of the wet concrete exceeding 1/250 of the span. Safe load 
tables are furnished by the manufacturers of these deformed plates from 
which the required gauge of sheet can be selected. The metal, whether of 
steel or alloy metals, should either be painted on the under-side, galvanized, 
or otherwise protected for this use. When the corrugations or ribs are of the 
open type and do not furnish sufficient tensional steel area for reinforcement 
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Painted steel 
weight 
per sq ft, lb 

Effective sectional 
area per ft of 
width, sq in 

Standard 
lengths, ft 

.56 

167 

8. 10 and 12 

.65 

. 193 

8. 10 and 12 

.75 

.223 

8. 10 and 12 


Fig. 95. “Self-Sentering * 


of the concrete, auxiliary bars must be installed in the corrugations to act as 
reinforcement, particularly on spans exceeding 30 in. This is true of plates 
deformed as shown in Figs. 112, C-113, 114, and 115. Practically all of the 
sheets can be used for self-centering reinforcement in top platform slabs on 
light-weight open-web steel joists. (See Table XV.) 


10. Fire-Resistive Roof-Construction 

Flat Roofs. Flat roofs are constructed in the same way as the floors, except 
that the beams and girders may be set so as to give a slight pitch to the roof to 
drain the water. As the roof-loads are usually less than the floor-loads and 
as there are no partitions to be supported, the arches or roof-panels are usually 
considerably lighter than the floor-panels, but the general construction is prac¬ 
tically the same for both. When the roof is formed of reinforced concrete, 
the beams may be set so that the concrete will give the desired inclination 
to the roof and will have a nearly uniform thickness, as this reduces the amount 
of concrete required, and also the weight. In cases where level ceilings are 
desired, however, it would be cheaper to set the roof-beams level and to grade 
the roof with dry cinders, as the cost of the hung ceiling would more than 
offset the cost of the extra construction necessary to take the added weight of 
cinder fill. If the roof is to be covered with tin or copper, nailing-strips should 
be embedded in the concrete, as for wooden floors, preferably impregnated 
with preservative chemicals. Gravel or tile roofs may be built without wood¬ 
work of any kind. Whether terra-cotta, gypsum tile, or concrete is used for 
the roof-panels, the sides and bottoms of the steel beams and girders should 
be efficiently protected, as well as all columns and all other structural metal 
in the root-space. In an ordinary building, m which there are stair-wells or 
elevator-wells, the roof and upper ceiling are likely to be more severely tested 
by heat, in case of fire, than any of the floors below, and experience has shown 
that this part of the building often has the poorest protection. 
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Pitched Roofs. Pitched roofs may be constructed in various ways, accord¬ 
ing to the material that is to be used and the kind of roofing that is to be 
employed. When structural clay or gypsum tile is to be used for the fire pro¬ 
tection, the most common method of construction is that which involves the 
framing of the roof with I-beam rafters and T -iron purlins, set horizontally 
and spaced 1 in farther apart than the lengths of the tile. Between the tees, 
book tiles, or roofing-tiles are placed as in Fig. 96, and the roofing is applied 



directly to the surface of the tiles. If the roofing is to be of slate or of clay 
tiles, one of the nailing compounds or a fill with sleepers must be installed above 
the structural roof. The same construction may be used for flat roofs; but on 
account of the expense of the tees it will usually be more expensive than the 
construction above described, and not as strong or desirable. With the con¬ 
struction shown in Fig. 96, it is impossible, by any economical method, to 
efficiently protect the bottom of the T irons from the effects of heat. Rein- 
forced-cinder concrete, precast gypsum tile, Porete and substitutes of like 
economy, afford excellent and also economical construction for fire-resistive 
pitched roofs. Three-inch plates of reinforced concrete have been success¬ 
fully used in spans of from 6 to 7 ft and in some cases even in 8-ft spans, elim¬ 
inating the intermediate purlins. The concrete is deposited on wooden 
centerings, as in the floor-construction, and the upper side is smoothed off 
during the setting and floated smooth and straight to receive the roof-cover¬ 
ing. The roof-covering, usually slate, or clay tiles, may be nailed directly 
to the concrete, as nails are held nearly as well by cinder concrete as by wood. 
This applies to cinder concrete or other admixtures of light-weight porous 
aggregates, as it is quite impossible to nail into rock concrete or gravel con¬ 
crete. In concrete roofs the rafters, also, should be surrounded with con¬ 
crete held in place by metal lath. With structural clay roofs, the beams 
should be incased with structural clay blocks. Fig. 97 shows the standard 
shape, of book tiles. These are made 2, l}/% % and 3 in thick, and from 16 
to 24 in long. Three-inch book tiles weigh about 13 lb per sq ft, and 2^£- 
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in solid tiles about 16 lb per sq ft. Book tiles are also used for bulkhead 
and ceiling-construction in store display windows, raised floors for toilets, 
and in suspended ceilings. 

Federal Reinforced-Cement Tiles. Cement tiles of interlocking types, 
made in the factory and reinforced with metal fabric or mesh, may be laid 
without sheathing directly on steel purlins. This type of construction, how¬ 
ever, is suitable only as a semilire-resisting 
roof-covering, as it is usually made with 
plates of insufficient thickness and does not 
contemplate the thorough incasing of the 
steel understructure with concrete or other 
fire-resisting materials. 

Federal Interlocking precast concrete roof 
tile is primarily designed for use on un¬ 
protected steel purlins of sloping roofs. 

This unit is manufactured by the Federal- 
American Cement Tile Co., Chicago, Ill. 

The tile are laid with the shoulder hooked 
over the steel purlins, each tile overlapping 
the one below it. (See Fig. 98.) The next 
course is staggered to overlap, the cen¬ 
ter roll of each tile fitting over the rib of jq g B ook Tile, Two Oil 
the tile below. A squeeze joint of water¬ 
proof elastic cement hermetically seals this overlap. The longitudinal 
joint is similarly made water-proof. The tiles are colored red with a per¬ 
manent integral pigment. The standard tile is 52 in long by 24 in wide and 
in thick, covering a roof area of 4 ft by 2 ft. Using a purlin spacing of 
4 ft, 100 sq ft of roof requires 12^ tiles and weighs 17 lb per sq ft. Federal 
Glass Tile are also manufactured incorporating a wire-glass light, 21 by 35 
in in area, with an asphalt cushion joint between the glass and the concrete. 
Each glass tile contains 5 sq ft of glass and is interlocking with the standard 
red tile. 




Fig. 98. Federal Interlocking Tile 


Federal “Light-six” roof slab is manufactured by the same company 
for use on flat roofs. It is a reinforced channel-shaped slab 24 in wide by 
6 ft long in stock size, weighing 16 lb per sq ft. It is designed for a safe Ere 
load of 60 lb per sq ft for use on 6-ft spans, but can be secured with a maxi¬ 
mum length of 6 ft 6 in. The under-side of the tile is poured with a smooth 
finish, eliminating the necessity for a suspended ceiling in industrial and 
manufacturing plants. The top of the slab is covered with any of the water¬ 
proof composition roofings. 
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Federal Nailing Concrete roof-slabs are manufactured for use on roof 
decks of any slope, and are designed for a live load of 60 lb per sq ft on a beam 
or purlin spacing of 6 ft. The top surface of the slab presents a smooth sur¬ 
face for application of ornamental tile, slate, copper, or roofing felt. (See 
Figs. 99 and 100.) The channel section is reinforced with steel rods in the legs 
and welded wire mesh in the webs. These tile are made of Haydite concrete 



with the top section of a porous mixture which takes and holds nails. The 
tile weigh 201b per sq ft. Standard light-weight tile. Fig. 101, are 2% 
in thick and weigh 10 lb per sq ft for use on spans up to 6 ft 8 in. All joints 
are cemented on the upper side with an asphaltic cement and the tile are fin¬ 
ished with composition roof-coverings. For longer spans, thicker tile are 
furnished and weigh correspondingly more. The claims made for Federal 
Precast Roof-slabs are: permanence; no maintenance costs; economy 



Fig. 100. Details of Featherweight Nailing-Concrete Roof-Slabs 


because of light weight; insulating value of porous Haydite concrete; rapid¬ 
ity of erection; and perfect base for finished roofing. Slabs of greater fire- 
resisting value can be secured with thicker webs. When erected on roof-spans 
of industrial plants at elevations of 20 ft or more above the floor-level, such 
that the fire-protection of the truss members can be safely omitted, the 
standard precast unit will give sufficient fire-resistance for all normal fire 
hazards. No full-sized standard time-temperature controlled fire-testa 
have been made on these constructions. 
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Porete Roof Tile.* The Porete Manufacturing Co., Newark, N. J., 
makes a precast roof slab 24 in by 32 in by 1}*£ in in size for installation on 
structural J_ purlins spaced 33 in on centers. These slabs are reinforced 
for a live load of SO lb per sq ft and weigh 7 lb per sq ft. They are secured 
to the subpurlins with nails or steel wedges driven through holes in the stem 
of the tees on 18-in centers. After all the slabs are laid, a cement grout is 
worked into the rough surface and joints, and the entire surface is finished 
with a thin cement coat. The total weight of the roof including subpurlins 
and water-proof roofing is 15 lb per sq ft. The advantages claimed for 
Porete Roof Decks are: light weight; rapidity of erection; high heat- 
insulation value; and clean, smooth, stone finish on the under-side. A light 
aerated Portland-cement mortar insulating fill can be poured in place in the 



field on top of the roof-slab. This material, weighing 36 lb per cu ft, has a 
compressive strength of 200 lb per sq in. The weight and porosity of the fill 
can be predetermined and carefully controlled in the field. It is claimed 
that approximately 2% in of this fill equal a 1-in thickness of cork insulation. 
Where slate, tile or metal roofing is to be applied to the roof deck, Porete 
Nail Finish can be applied in the field in thicknesses of % in or more. The 
finish forms a tough, resilient sheet which bonds integrally with the Porete 
slab and adds to its strength. (See Fig. 114.) 

Long-Span Porete Slabs are also furnished precast for spans of 4 to 6 ft., 
varying in thickness from 2% to 3 in and weighing from 11 to 16 lb per sq ft. 
These roof tile must be provided with a finish weather-proof coat in the field. 

Sheetrock-Pyrofill Roof. This system of roof-construction is sold com¬ 
pletely erected by the United States Gypsum Co. It consists of a fibered- 
gypsum concrete slab reinforced with electric-welded galvanized-steel fabric 
on a system of permanent Sheetrock t forms, as shown in Fig. 102. The 
plaster board forms are supported on subpurlins of standard structural steel 
J_’s or light rail sections spaced 32% in on centers and clipped to the main 
purlins. The gypsum-fibered concrete consists of Pyrofill composed of 
12 % parts of wood shavings and 87j^ parts of calcined gypsum. The welded 

• See Properties of Porete, Article 5. 
t For a description of Sheetrock wall board, see Article 13. 
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fabric is composed of No. 12 gauge longitudinal wires 4 in on centers and No. 
14 gauge transverse wires 8 in on centers laid on top of the plaster board. 
The construction is poured in place to a total thickness of 2j^ or 3 in, and 
weighs with the water-proofing 15 lb persq ft, including the subpurlins. On 
roofs with a pitch of 45° or over, it is necessary to back form from the top, 



pouring the slab in sections. With subpurlin spacing of 32 in, the weight 
of slab and rail sizes required for varying spans between main purlins are 
given in the following tabulation. No provision is made for protecting the 


Span of main purl ns 

Size of 
rail, lb 

Weight of 
rail per 
sq ft 

of roof, lb 

* Minimum 
thickness 
of slab, in 

Weight 
of slab 
including 
rail, lb 

l p to 6'-4" 

! 8 

1 00 

23$ 

11 50 

6'-4" to 8'-11". 

12 

1.50 

2 1 $ 

12.00 

8'-11" to ll'-3". 

16 

2.00 

23$ 

12 50 

U'-3" to 13'-2". 

20 

2.50 

3 

15.00 


* Includes thickness of Sheetrock. 


lower flanges of the purlins with this system. It is intended primarily for 
use in manufacturing plants and industrial buildings generally, with roof- 
trusses erected at some distances above the floor-level. The system is 
designed on the theory of a reinforced composite slab similar to the Pyrofill 
floor-slab. * A %-in furred gypsum-plaster ceiling on metal lath suspended 
from the lower chord of the roof-truss will furnish a one-hour fire-resistance 
to the construction. It is also used for roofs of school-buildings, auditoriums, 
gymnasiums, theaters, hospitals and hotels. The advantages claimed for 
Sheetrock-Pyrofill roofs are: light weight; high insulation; reduction of 
heat-losses in winter and maintenance of low temperatures in summer; low 
construction costs; and minimum upkeep charges. In buildings where high 
humidity conditions combined with high temperatures prevail, instances of 
deterioration of gypsum roofs have been noted, resulting in a gradual decom¬ 
position of the gypsum mixture. Where such deterioration has occurred, 
there are indications that too much water was used in the mixture and the 
slab was poured with too thin consistency, resulting in a porous construction. 
A load test was made on a 3-in Sheetrock-Pyrofill slab one hour after it 
was poured on a 32-in span for the New York Bureau of Buildings. The 


* See Pyrofill Monolithic Floor Construction, Article 7. 
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slab was loaded to 148 lb per sq ft, or three times the design load, without 
any deflection or cracking. A duplicate slab thoroughly cured developed 
an ultimate strength of 499 lb per sq ft of load. The test demonstrated that 
saturation of the slab by rain or snow or from a leaky roof would not result 
in a dangerous reduction of strength. 

To secure greater fire-resistance, the Pyrofill roof-slab can be poured 
on temporary wood forms suspended % in below the bottom of the subpur- 



Fig. 103. Marks-T-System Poured-in-Place Roof-Construction 


lins, and the main purlins can be encased with Pyrofill at the same time. 
The construction has then the same appearance and virtually the same fire- 
resistive rating as the monolithic suspension slab.* 

Marks-T-System, Fig. 103, consists of a permanent centering of %-in 
gypsum boards set on JL irons spaced 2 ft 8 in on centers with cross tees 2 ft 
8 in long resting on the main longitudinal tees at intervals of 3 ft to support 


Bulb Tee Sub-Purlin 



Main 

Purlin 


Bulb Tee 
Sub-Purlin 

*4 8td.. 
U.S.G. 
Clip 
Hole 



Note - Thia method of 
fastening used where main 
purlin b are omitted, tees spanning 
directly from truss to truss or bet* 
ween jack rafters or where a com¬ 
bination of both trusses and jack 
rafters is used 


Method of Clipping Sub-Purlins to Method of Clipping Suh-Purlins to 

Main Purlins—Sloped Roof Trusses or Jack Rafters 

Fig. 104 Details of Tees and Short-Span, 30" Type, Pyrobar Roof-Tile 


the gypsum boards on all sides. After a row of the panel centering has been 
installed, rectangular welded-wire reinforcement, 4 in by 12 in mesh is unrolled 
over the cross-tecs and the gypsum-fibered concrete is poured in place. The 
Marks-T-System is designed on the same principles of flexure as the com¬ 
posite beam of concrete reinforced with steel assuming a fiber-stress in com- 
• See The Suspension System, Article 7. 
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pression for the concrete and the usual steel stresses. No allowance is made 
for the structural tees in computing the safe loads. This system is con¬ 
trolled by the U. S. Gypsum Co., Chicago. Among the advantages claimed 
for this roof-construction are: a clear-paneled ceiling insuring good light 
reflection; high heat-insulation value due to uniform thickness of slab above 
the purlins; low first cost; and rapidity of construction. The Marks-T- 
Systeu possesses the same characteristics and adaptability as the Sheet- 
rock-Pyrofill construction.* 

Pyrobar Precast Roof. Shop-made roof tile of quick-setting gypsum are 
manufactured by the U. S. Gypsum Company, Chicago, Ill. Both shokt- 
SPAN and long-span tile are furnished, as shown in Figs. 105 and 106. 



Fig. 106. Details of Long Span Pyrobar Precast Roof-Tile 


Short-span Pyrobar tile are made either solid or hollow. The 
solid tile, 3 in thick, and the hollow tile, 4 in thick, each weigh 17 lb per 
sq ft. For pitched roofs, the solid tile can be notched at the ends to take the 
thrust. They are also furnished with hooked ends for use with 16 or 20-lb 
rail purlins. 

Long-span Pyrobar tile are made hollow in two thicknesses, 18 in in 
width, and for spans of 4 ft to 6 ft 6 in long. The 5-in thick tile weighs 20 lb 
per sq ft, and the 6-in thick tile 1 weighs 25 lb per sq ft. Both tile are made 
butt end for I-beam purlins, and lapp end for [ purlins, and can also be 
notched for thrust on pitched roofs. 

• See Sbeetrock-Pyrofill Roof, Article 10. 
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All Pyrobar roof-tiles are designed for a safe superimposed load of 50 
lb per sq ft. The 3-in solid tile is especially adaptable for nailing purposes; 
the hollow tile is recommended for use in connection with a built-up roof- 
covering. The reinforcement consists of welded, galvanized fabric of 4 by 4 
in mesh with No. 12 longitudinal and No. 14 cross-wires. The subpurlins 
for the short-span tile are usually bulb tees of special wide flanges. The 
tile are laid directly on the subpurlins without mortar and with tightly butted 
sides. The grouting joints are then filled with gypsum mortar and the roof 
is immediately ready for the application of the water-proof covering. 

Gypsteel Roof-Construction. The Structural Gypsum Corporation, 
Linden, N. J., furnishes both poured-in-place and precast gypsum roof- 
constructions. The poured-in-place system is of the same general charac¬ 
ter and design as the suspension type floor-system. The precast slabs are 
furnished in long-span construction for spans from 4 to 7 ft, varying in 
length by 3 in, and in siiort-span construction for fixed spans between sub- 
purlins of 30% in. 

The long-span roof-slab is furnished in widths of 18, 21 and 24 in, and in 
thicknesses of 3 and 3% in, weighing respectively 14 and 17 lb per sq ft. The 
reinforcement consists of in cold-drawn suspension wires, projecting 
2 % in at both ends of the tile, which are rabbeted at the ends on the top sur¬ 
face where the reinforcing cables emerge. The supporting purlins are placed 
parallel with the top flanges in the same plane. When the top flanges are 
less than 2% in wide, bearing-plates must be provided for temporary support 
of the slabs until the ends of the suspension cables are tied up and grouted. 
These plates are furnished with the Gypsteel slabs. Angle or tie-rod brac¬ 
ing must be installed in end or anchor spans to resist the cable tension. For 
pitched roofs of slopes greater than 1 in 3, stop angles must be framed on the 
lowest purlin to take the side thrust, with a minimum bearing of 3% in on 
tile slab. 

The short-span roof-tile are made either solid in thicknesses of 2%, 3 or 
3% in, or hollow, 3 in thick. The 2%-in slabs are furnished 29% in long 
by 24 in wide, and the 3 and 3%-in solid slabs are furnished 30 in long by 24 
in wide. The hollow slabs are 30 in long by 12 in wide. The tile are set 
directly upon the flanges of the subpurlins, and the joints formed by the 
beveled edges are flushed s >lid with gypsum grout. The weights of these 
tile arc as follows; 


3-in hollow. 11 lb per sq ft 

2 %-in solid . .12 lb per sq ft 

3-in solid .. . .14 lb per sq ft 

3 %-in solid.17 lb per sq ft 


Nailcrete Roof. A fire-resistive roof-construction made of a poured-in- 
place mixture of Portland cement, sand and mineral fiber binder is furnished 
by the Nailcrete Corporation, New York, for use as a light-weight structural 
roof-slab on spans not exceeding 6 ft and a slab thickness of 4 in. It is 
installed between structural steel beams similarly to the types described under 
Strength of Short-Span Flat Floor-Construction, Article 7, reinforced with 
wire mesh consisting of No. 6 gauge longitudinals 2 in on centers, and No. 10 
gauge transverse wires 16 in on centers, for a superimposed load of 60 lb per 
sq ft. It has the compressive strength of 1 : 2 : 6 cinder concrete and weighs 
96 lb per cu ft. In addition to its fire-resistance, Nailcrete provides a nail¬ 
ing base to which tile, slate or metal roofing can be directly attached. It is 
poured like any other Portland-cement concrete and is subject to the same 
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precautionary measures. From 2 to 3 days are required for the mixture to 
set hard enough to walk on, depending upon temperature and weather con¬ 
ditions. It can also be used as a structural platform slab over light floor- 
beams or open-web steel joists.* 

A similar material is manufactured by the National Naylegrip Company, 
Inc., Erie, Pa., under the trade name “Naylegrip.” These materials come 
packed in bags ready for mixing in the field with Portland cement and sand 
or cinders. They are also used for floor-fill and nailing bases on structural 
slabs and on masonry walls. 

Steel Roof-Decks are coming into wide use on one-story manufacturing 
plants and industrial buildings generally, because of their adaptability, 
ease of erection, and low cost. These steel-roof-plates form a rigid and 
permanent base to which insulating and water-proofing coats can be readily 
applied. They are fabricated from protected, copper-bearing, or galvanized- 
steel sheets reinforced by various shaped ribs, rolled into the sheet, and inter¬ 
locking and dovetailing together both on sides and ends. The deformed 
sheets are readily and quickly erected on the steel roof-trusses and are either 
anchored by special clips or welded to the roof-purlins. Roof-deck plates 
can be classified into three general groups: Corrugated, rib, and V-beam 
type. They are also used to some extent for the siding of isolated industrial 
plants,f but must be specially processed or insulated to minimize heat 
losses, or keep out cold, and to deaden noise. The construction is incom¬ 
bustible and when protected with heat-resisting materials possesses some 
degree of fire-resistance. No full-size time-temperature controlled fire-tests are 
available; but as this type of construction is generally installed on unprotected 
steel frames, its strength and incombustibility are sufficient qualifications. 

Robertson Protected Metal, t fabricated by the H. H. Robertson Com¬ 
pany, Pittsburgh, Pa., is formed with standard corrugations characteristic 
of other corrugated metal sheets, and also in deeper corrugations known as 
the V-beam shape. It is fastened to the steel framework of buildings by 
metal straps or rivet clips, or to wood framework by nails and screws. The 
straps are also made of the special patented protected metal, and are as 
durable as the roofing itself. The V-beam sheet is also largely used as a per¬ 
manent form for built-up roofs. Insulating materials of the desired thick- 



Method of Fastening Robertson V-Beam Sheets to Roof-Purlins 
Fig. 107. Robertson V-Beam Roof Deck 


ness are applied to the top of the sheets and covered with the weather-proof 
coatings. The corrosion-resisting and non-maintenance characteristics of 
this metal offer great advantages to its use for this purpose. When a high 
degree of insulating value is required, the protected metal can be used in 
a double layer, with a core of insulating materials. By this construction, 
the roof can be given the heat-insulating value of masonry floors or walls at 

* See Structural Platform Slabs, Article 7 
f See Metal Enclosure Walls, Article 12. 

% See Robertson Protected Metal, Article 5. 
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considerably less cost. The V-beam sheets are available for a 30-lb.per sq ft 
superimposed load with a limiting deflection of 1/100 of the span-length in 
the following gauges: 


Length of span, 
ft in 

V-beam sheet 

Gauge 

Length, ft 

4 9 

24 

10 

5 3 

24 

11 

5 9 

24 

12 

6 6 

24 

12 

7 6 

22 

12 

8 6 

20 

12 

9 6 

18 

12 


In a series of Flame Exposure, Burning Brand, Spread and Radiation tests 
at the Underwriters’ Laboratories,* this material used as a covering over 
wood-decking demonstrated that it “provides a substantial barrier to the 
passage of flame, affords a fairly high degree of heat-insulation to the roof- 
deck, and will effectively resist large burning brands and pieces of red-hot 
iron ...” 

Genflre Steeldeck is manufactured by the Genfire Steel Co., Youngstown, 
Ohio, in three standard sections of the rib type, as shown in Fig. 108. 



Geufire Ritfiileck 


Fig. 108. Genfire Steel Deck 

“I-platk ’’ deck is manufactured of Nos. 18 and 20 gauge copper-bearing 
steel in standard lengths of 8 and 10 ft and 24 in wide for the 1-in depth, and 
18 in wide for the l}*>-in depth. The sheets interlock and are secured 
together by sleeve splice clips that telescope over the ends of the I-section 
and wrap around the roof-purlins. 

“Ferrodeck” is an assembly of 18-gauge subpurlins of channel sections 
spot-welded back to back and roof sheets of No. 18 or 20 gauge metal with 
flanged edges that fit into the open slot of the subpurlins. The subpurlins 
are secured to the steel frame with spring clips and the roof sheets are locked 
to the subpurlins with reinforcing members attached to the sheets at inter¬ 
vals of 2 ft, and bent down under the top flanges of the subpurlins. The 
roof sheets are 2 ft wide by 4 ft long, and special shorter sheets are furnished 
where roof lengths are not multiples of 4 ft. The flat and smooth top 
surface of the deck receives the layer of insulation which is installed in thick¬ 
nesses of Yt to 2 in, and a covering of bituminous waterproofing is applied 
to furnish the necessary weather-resistance. The thickness of insulation 

* Fire Retardant Report No. 1727. 
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used is determined by the required air conditions in the building, by the 
amount necessary to prevent condensation under these conditions, and by 
the capacity of the heating equipment installed. 

11 Rigideck ” is rolled in one interlocking piece of No. 18 or 20 gauge 
Armco Ingot Iron with a finished width of 6 in and depths of 1% an d 
1% in. It is fastened to the structural purlins with clips at 6-in centers 
that also lock the adjoining sections together. Rigideck, insulated and 
waterproofed, is adaptable to flat or pitched as well as curved roofs with a 
minimum radius of 40 ft. 

When the pitch of roofs exceeds 1 in 4, the insulation and waterproofing 
must be secured to the steel decks with metal cleats in the ribs and copper 
nails through the roofing to prevent movement of the coverings. Soft 
copper nails are generally used to fasten the built-up roofing to the insulation, 
which, when driven, turn and clinch on the steel deck. The dead load of 
these roof-decks including 1 in of insulation and waterproofing is 5 to 6 lb 
per sq ft. The safe superimposed loads and spans shown in the following 
tabulation are based on a steel stress of 18 000 lb per sq in, and an allowable 
deflection of 1/250 of the span. Similar roof-deck sections are furnished by 
the Truscon Steel Company of Youngstown, Ohio. 

Spans for Roof-Deck Sections 


Maximum Spans 


Type 

Live load—lb per sq ft 

30 

40 

I Plate 20 G X 1 in .. 

6 ft 0 in 


I Plate 20 G X 1 M in. . 

7 ft 0 in 

6 ft 6 in 

I Plate 18 G X 1^ in . 

7 ft 6 in 

7 ft 0 in 


6 ft 5 in 

5 ft 9 m 


6 ft 6 in 

6 ft 0 in 

Rigideck 20 G X IK in. 

8 ft 6 in 

8 ft 0 in 

Rigideck 18 G X 1% in. 

9 ft 0 in 

8 ft 6 in 


Blawsteel Deck, manufactured by the Blaw-Knox Company, Pittsburgh, 

Pa., is of a combination rib and V-beam type, furnished for spans of 3 ft 
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■ 
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Fig. 109. Blawsteel Long-Span Roof-Sheathing 


tOH in to 4 ft 10% in, with a depth of 1 % in; and for spans up to 8 ft 6 in 
with a depth of 1 % in. It is made of Nos. 18, 20 and 24 gauge galvanized 
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steel sheets in widths of 22 in as shown in Fig. 109. The maximum spans 
for live loads of 30 and 40 lb per sq ft are shown in the following tabulation: 


Maximum Spans 


Gauge No. 

Depth, inches 

Live load, lb per sq ft 

30 

40 

24 . 

1 M 

3 ft 104 in 

3 ft 104 in 

20 . 

1 4 

7 ft 6 in 

7 ft 0 in 

18 . 

1 H 

8 ft 6 in 

7 ft 6 in 


Mahon Steel Deck, manufactured by the R. C. Mahon Company, Detroit, 
Mich., is provided in Nos. 18 and 20 gauge copper-bearing steel sheets of 
the rib type as shown in Fig. 110. The sheets lay 12 in wide with lj^-in 



ribs spaced 6 in on centers, and are furnished in any length up to 12 ft 4 in. 
Allowance for lateral expansion and contraction is made in the center rib 
of each sheet. The 18 gauge sheets weigh 3.25 lb, and the 20 gauge, 2.5 
lb per sq ft. Standard-lengths in stock are 8 ft 2 in for the No 16 
gauge sheets: and 6 ft 2 in, 7 ft 2 in, 8 ft 4 in, 10 ft 4 in, 11 ft 6 in, and 
12 ft 4 in, for the No. 20 gauge sheets. The gauge of metal deck, span, 
and deflection for superimposed loads of 30 and 40 lb per sq ft are shown 
in the following tabulation. A similar roof-deck of the rib type is manu¬ 
factured by the St. Paul Corrugating Co., St. Paul, Minn. 


Maximum Spans 


Gauge No. 

Live load, lb per sq ft 

Depth, inches 

30 

40 

20. 

IX 

6 ft 6 in 

6 ft 0 in 

18. 

14 

7 ft 0 in 

6 ft 6 in 


Ribsteel Deck is furnished by the Porete Manufacturing Co., Newark, 
N. J. t of 20 to 24 gauge copper-bearing steel, and is designed for use with 
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a light-weight concrete fill. The ribs are and 2 in deep, spaced 6 in on 
centers as shown in Fig. 111. If built-up roofing is used, the concrete 
fill is 1 in thick; if to be used as a nailing base for tile, slate or metal roofing, 



Fig. 111. Rib-Steel Roof-Slab Construction 


the concrete fill is in deep. Tension steel is provided in the bottom 
of the ribs of J" bar shape, welded to the steel plate. The advantages claimed 
for this construction are: rapid erection; light weight; economy; ease 
of application on steep roofs; and nailable base if used for floor-construction. 
Table XX shows the safe superimposed loads for different gauges of metal 
and depths of corrugations. 


Table XX. Recommended Construction Specifications for Given 
Span of Rib Steel Roofs and Floors 


Span, in feet. ... 

4 

6 

8 

10 

12 

Gauge. 

24 

24 

22 

22 

20 

Corrugations, in deep. 

1 X 

1 H 


2 

2 

Safe live load, lb per sq ft with 1-in 
solid cement finish (dead load 
15-20 lb per sq ft) . 

120 

90 

65 

55 

45 

Safe live load, lb per sq ft with 
lM-in light-weight nailable-con¬ 
crete finish (dead load 9-15 lb 
per sq ft). 

120 

75 

50 




Holorib, manufactured by the Detroit Steel Products Company, Detroit, 
Mich., is a V-beam type roof-deck of copper-bearing steel sheets with closed 
triangular ribs forming a complete girder. It is applicable to flat, pitched 
or curved roofs. It is made of Nos. 24 and 26 gauge sheets with ribs spaced 
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in on centers and % in deep for spans up to 5 ft; and of Nos. 20 and 22 
gauge sheets with ribs spaced 6 in on centers, and in deep for spans up to 
8 ft, as shown in Fig. 112. All Holorib sheets are coated with an oven- 
baked gray paint. The sheets can be cut to special lengths at the factory. 



but the standard width is 18 in. The spans and gauges of roof-deck for 
live loads of 30 and 40 lb per sq ft are given in the following tabulation: 


Maximum Spans 


Gauge No. 

Rib size, 
inches 

Limiting spans, live load, 
lb sq ft 

30 

40 

26 

H 

3 ft 0 in 

3 ft 0 in 

24 

U 

4 ft 6 in 

4 ft 6 m 

22 . 

m 

7 ft 0 in 

6 ft 3 in 

20. ... 

1 H 

8 ft 0 in 

7 ft 0 in 


Insulation Data. The purpose of the roof-insulation is to prevent heat 
loss and condensation, to effect economy in fuel and heating equipment, and 
to limit excessive expansion and contraction. The available commercial 
materials for insulation purposes are of three general types: semi-flexible 
materials, including flax and rye fibers; semi-rigid materials, including cork, 
rock wool and straw pulp; and stiff fibrous materials, including wood pulp, 
root and sugar-cane fiber. They are all available in sheet or board form in 
thicknesses varying from to in. With the thin, light-weight, steel 
roof-deck, some form of insulation is necessary to minimize the transfer of 
heat and to prolong the life of the construction. 

Mansard Roofs are usually framed with rafters, riveted or bolted to wall- 
plates. The space between the rafters may be filled with cinder concrete, 
fire-resistive nailing compounds, or hollow partition-tiles, or blocks extending 
from rafter to rafter. Slates or tiles may be nailed directly to cinder con¬ 
crete or to such nailing bases. Probably the best way to attach slates or 
tiles is to nail by 2-in wooden strips to the outer face of the concrete or 
structural clay tile, set them at the proper distances apart to receive the dates 
or tiles, and then plaster between the strips with cement mortar. The 












1020 


Fire-Proofing of Buildings 


[Chap. 22 


wooden strips are not affected by fire until the slate is practically destroyed. 
Figs. 113 and 114 show mansard and tower roof-constructions with clay 



Fig. 113. Standard Book Tile in the Construction of Light-weight Fire-proof Roofs 



book tile and precast porous concrete slabs. Tiles available for such uses 
are manufactured of Gypsum, Haydite, Aerocrete, Porete, Nailcrete 
and other nailing concretes, as described under floor and roof-constructions 
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11. Roof-Coverings 

Roof-Coverings. The materials ordinarily used for the roof-covering of 
fire-resistive buildings are: (1) tar and gravel; (2) asphalt and gravel or 
sand; (3) vitrified tiles, bricks, or slate tiles over tarred felt. Tar and gravel, 
or asphalt felting and gravel or sand, offer the cheapest roof suitable for a 
fire-resistive building; and when a good quality of felt and distilled pitch or 
the best grades of asphalt are used, make a very satisfactory covering. Such 
roofs, however, require to be renewed every ten to twenty years. The roofing 
is put on in the same manner as over wooden construction, the felt being 
laid directly on the concrete. Probably the best flat roof that can be put 
on a building is one of vitrified or slate tiles, laid over five plys of tarred felt. 
The felt is laid and mopped as for a gravel roof, and the tiles are bedded on 
the felt in cement mortar, preferably reinforced with light wire mesh. Vitri¬ 
fied tiles, 6 or 8 in square and 1 to 1^ in thick, are made for this purpose, 
and slate tiles, 12 in square by 1 in thick, have been used. Flat, vitrified- 
brick tiles, also, are used. Gravel roofing should not be used on roofs which 
have an inclination exceeding % in in 1 ft. For pitched or inclined roofs, 
slates, clay, asbestos, concrete, or metal tiles may be used. Clay tiles are 
superior to slate when exposed to fire and are generally to be preferred to 
slate; this is especially true of some of the patent interlocking tiles. 

Tests. The Bureau of Standards has been conducting an extensive inves¬ 
tigation of the relative merits of different roof coverings for several years. 
The tests commonly applied include Flame and Brand tests to determine the 
resistance of the materials to heat, flame penetration, spread of fire, and 
absence of brand production. All approved fire-resistive roof coverings have 
been classified by the Underwriters’ Laboratories as Class A, B, or C as a 
result of similar tests; and building codes in general approve the two first 
classes for use in fire-resistive construction. 

0 

12. Fire-Resistive Wall Assemblies 

Classification. The spread of fire to or through a building is prevented in 
part by building a predetermined degree of fire-resistance into the enclosure 
walls and interior division walls of the structure. The ultimate object of the 
division and enclosure-wall-construction is to restrict the building to areas in 
which a fire can be confined or controlled or even permitted to completely 
burn out the contents without endangering the structural integrity of the 
building or without being communicated to other areas or other buildings. 
The tendency in modern building regulation is to define such assemblies of 
this character on the basis of actual performance standards rather than in 
terms of minimum dimensions and materials. A fire-wall is one which sub¬ 
divides a building into restricted areas, extending continuously from founda¬ 
tion through all stories to the roof, and generally required to have a fire- 
resistive rating of four hour. Underwriters’* and building code requirements 
restrict the number and size of openings in fire-walls and require approved 
fire-doors * at both sides of the opening. The enclosure wall is gener¬ 
ally required to have a fire-resistant rating of 4 or 3 hours and must be con¬ 
structed of approved masonry. Underwriters’ rating schedules are usually 
based on the use of the solid brick wall construction as a standard to which 
all other types of walls are compared and rated in accordance with the rela¬ 
tive fire-resistance. The New York Insurance Exchange within recent years 

• See Opening Protectives, Article 20. 
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has accepted the “Combination Wall'* * as the equivalent of the solid brick 
wall in skeleton frame buildings of unlimited height. The fire-division 
wall is a subdividing assembly used in any one or more stories of a building, 
usually to provide an area of refuge in connection with exit facilities and to 
restrict the spread of fire in that story. The fire-resistant rating for such 
walls is variously specified as two-hour or three-hour construction in build¬ 
ing codes, including in this classification vertical shaft and frequently stair¬ 
way enclosures. The fire-proof partition sometimes designated “fire- 
division partition” is the partition used for subdividing the interior space 
in any story, such as individual office spaces and communicating corridors. 
The general requirement for this assembly is a fire-resistant rating of one hour. 

Metal Enclosure Walls. For isolated industrial buildings in outlying 
undeveloped districts, or even within urban areas for miscellaneous one-story 
buildings of limited dimensions, enclosures of metal or other incombustible sub¬ 
stitutes are commonly acceptable, f 

The Philadelphia Building Code (1929) specifies that “ Buildings with 
structural steel columns and floor and roof systems not fireproofed or fire- 
protected from the inside, shall be considered first-class buildings. Steel 
roof-decking, properly insulated and weatherproofed, may be used in such 
buildings or in one-story buildings of commercial occupancy [except manu¬ 
facture of explosives or storage of highly inflammable materials] without fire¬ 
proofing or fire-protection on the outside, provided the building is separated 
on all sides from other structures by not less than twenty-five feet.” 

Masonry Fire-Wall Requirements. The fire-resistive requirements for 
fire-walls and partitions are essentially the same as for other structural units. 
They must withstand the attack of fire without disintegration or failure, 
prevent the ignition of combustible contents in the building or protected area 
by transmitted heat, and they must retain their structural integrity without 
dangerous distortion or failure in whole or in part. In addition the assembly 
must withstand the possible blow of falling bodies and the destructive effects 
of fire hose-streams applied while the walls are hot or still under fire. For 
exterior walls, the structural and weather-resistive requirements are frequently 
the controlling factors determining the thickness and character of the mate¬ 
rials, rather than the fire-rcsistance. Available fire-tests of walls cover a 
wide range of materials and types of construction. Numerous tests have 
been conducted by the Underwriters’ Laboratories, covered in the reports 
of the various fire-retardants, and by the Fire Resistive Section of the U. S. 
Bureau of Standards. Many of these fire-tests were made under rated load- 
bearing capacity, and include walls of brick, structural clay tile, concrete 
block and tile and numerous proprietary forms of construction. The time 
performance period of the various assemblies has been determined either by 
failure under load or by the time period required to reach the critical tem¬ 
perature end-point as established by the Standard Fire Test of not more 
than 250° F. temperature rise above its initial temperature on the unexposed 
surface of the wall or partition. 

Underwriters’ Fire-Retardant Classification. In the classifications issued 
by the Underwriters’ Laboratories, the performance periods are modified by 
a factor of safety to allow for prevention of damage to structural members by 
fire and the consequent expense of repair or replacement. Classifications 
based on this principle using a factor of 1% have been issued for Clay Brick 

• See Clay Tile Combination Walls, Article 12. 

t See Robertson Protected Metal, Article 5. 
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Walls under date of Aug. 3, 1927, Hollow Concrete Building Units under 
date of June 12, 1928, and Hollow Clay Tile Units under date of June 14, 
1929. Table XXI gives a digest of these fire-retardant ratings. Merely 
from a consideration of safe construction, these ratings might be considered 
too severe.* 

Table XXI. Underwriters’ Classification.* Wall Assemblies 





Fire-Resistive 




Rating, bra. 


Thick- 


Com- 

Incom- 

Material 

ness. 

Description 

bustible 

bustible 


in 

floor 

floor 




mem- 

mem- 




bers 

bers 

Clay brick 

4 

Non-bearing 

1 


Clay brick 

8 

Bearing or non-bearing 

2 

S 

Clay brick 

12 

Bearing or non-bearing 

9 

9 

Hollow concrete units. 

8 

Bearing or non-bearmg 

1 

3 

Hollow concrete units 

12 

Bearing or non-bearmg 

1-3 

3-6 

Hollow clay tile 

8 

2-cell 

1 

1 H 

A S.T M. spec C34-27 


3-cell 

U* 

2!i 

Hollow clay tile 

12 

3-cell, single unit 

2 H 

3 

A S.T M spec. C34-27 


3-cell, 2 units 

34 

4 



4-cell, single unit 

4 

6 


Note. Three-quarters inch Portland cement or gypsum plaster or Portland-cement 
stucco on one side will increase classifications one-half hour. 

• Underwriters’ Fire Retardant Gasifications of Wall Assemblies, August, 1929. 


U. S. Bureau of Standards’ Classifications. Common Clay Brick. As a 

result of a series of tests of 26 large and 22 small wall panel fire-tests and 7 
fire and water tests, including brick from siiale and surface clay, solid and 
“Rolok” hollow design, with and without load,f the U. S. Bureau of Stand¬ 
ards issued a summary of fire-resistive ratings for brick walls given in Table 
XXII. Some of the 4-in walls failed from excessive dellection or under 
applied working loads, but not until the critical temperature transmission 
had been exceeded. Most of the thicker walls failed in temperature 
transmission in the time periods stated. One 12-in brick wall failed under the 
working load after 10 hours of fire due to the fusion-point of the day 
resulting in a fluxing of the brick. (Temperature of fire approximately 
2 500° F.) Fire damage to the brick consisted of cracks from g to % in 
wide on the unexposed side, but not extending through the wall; headers 
were seldom found cracked and the structural integrity of the wall was main¬ 
tained. Shale brick were more susceptible to cracking than the day. “Walls 
laid up with lime mortar had lower deflections and fewer and smaller cracks 
than those laid up in cement or cement-lime mortar.” 

Sand-Lime and Concrete Brick. Tests on large and small panels of sand- 
lime and concrete brick, with and without load, developed results shown in 

• See discussion on Column Tests, Article 6. 
t Letter Circular 228 U. S. Bureau of Standards, June 8, 1927. 
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Table XXIII.* For restrained walls, deflection toward the fire averaged 
from lJi in to 2 in at the center. For unrestrained walls, the maximum deflec¬ 
tion occurred at the top of the walls away from the fire, exceeding 9 in for the 
8-in walls at the end of 6 hours. The behavior of the walls and the fire 
effects were similar to the clay brick walls. 


Table XXII. Bureau of Standards’ Classification.* Wall 
Assemblies of Common Clay Brick 



Thick¬ 

ness, 

in 


Ultimate resist¬ 
ance periods, hrs 

Type 

Description 

Com¬ 

bustible 

floor 

members 

Incom¬ 

bustible 

floor 

members 

Solid 

■ 

Unplastered 

Plastered both sides 

1 Non-bearing 
2Non-bearing 

Solid 

8 

Unplastered 

Plastered both sides 

2 

4 

5 

9 

Solid 

12 

Unplastered 

9 

10 

Hollow rolok 

8 

Unplastered, hollow space filled 
at floor-line 

2 

24 

Hollow rolok 

8 

Plastered both sides, filled at 
floor-line 

4 

5 



Plastered both sides, unfilled at 
floor-line 

2H 

5 

Hollow rolok 

12 



5 





5 

Hollow rolok 

12 

Plastered both sides, filled at 
floor-line 

9 

9 



Plastered both sides, unfilled 

6 

9 

Brick-faced 

8 

Plastered both sides, filled at 
floor-line 

4 

5 



Unplastered both sides, unfilled 

2 X 

5 

Brick-faced 

12 

Unplastered, filled at floor-line 

9 

10 



Unplastered, unfilled 

6 

10 


Note. AH plaster coats ^ in thick of neat gypsum or Portland-cement mortar, 1 part 
cement to 3 parts sand. 

* Bureau of Standards, Letter Circular 228. 


Structural Clay-Tile. From 1921 to 1927 the U. S. Bureau of Standards 
In cooperation with the Hollow Building Tile Association conducted an 
exhaustive series of fire-tests on bearing and non-bearing structural day-tile 

• Letter Circular 229 U. S. Bureau of Standards, June 8, 1927. 
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Table XXIII. Bureau of Standards’ Classification.* Wall 
Assemblies of Concrete and Sand-Lime Brick 


Type 

Thick¬ 

ness, 

in 

Description 

Ultimate resist¬ 
ance periods, hrs 

Com¬ 

bustible 

members 

Incom¬ 

bustible 

members 

Concrete 

8 

Unplastered. 

3 

6H 

Concrete 

12 

Unplastered. 

124 

IS 

Sand-lime 

8 

Unplastered. 

34 

8 

Sand-lime 

12 

Unplastered. 

10 

10 


Note. For periods not exceeding 6 hours, Portland cement or lime mortar can be 
used. For longer fire-resistance periods, only Portland cement or cement-lime mortar 
should be permitted from the fire-resistant point of view, and not as regards structural 
strength. 

walls and partitions, f The test specimens for the large-size tests represented 
tile made from shales, fire-clays, mixtures of shale and fire-clay, and surface 
days, secured from 8 manufacturing plants throughout the country, as repre¬ 
sentative of 40 different natural sources investigated. In the Load-Bearing 
Series, 167 fire-endurance tests and 4 fire and water tests were conducted on 
test panels representing end and side construction with varying number of 
cells through the thickness of the walls, special types of tiles with double¬ 
shell walls, varying thicknesses of walls and various special types of construc¬ 
tion. Of these tests, 113 were made on 8-in walls, 36 on 12-in walls and 18 
on 16-in walls, both plastered and unplastered. Shale and the hard-burning 
fire-clays produced walls of higher strength than those of less dense tile, but 
suffered greater fire damage. Tile made from open-burning fire-clays and 
most surface clays gave walls of less high initial strength but which suffered 
less from fire damage; and the shells of such tile showed a tendency to remain 
in place even after cracking. The fire-resistive rating for the wall assemblies 
was generally determined by the time required to meet the critical-tem¬ 
perature rise of 250° F. on the unexposed side of the wall specimen, and the 
tests indicated the suitability of the range of design of tile and source and 
character of the raw material to meet the requirements of both the fire- 
endurance and hose-stream tests. The periods given in Table XXIV are 
based on the assumption that walls are laid up with Portland cement or 
cement-lime mortar. Although lime-mortar walls may show equal or better 
fire-resistance, strength tests indicate a lower bearing capacity for lime-mor¬ 
tar walls. 

Fire effects on structural day-tile walls are generally caused by unequal 
expansion of integral parts of the block units, resulting in flaking and spalling 
of laminated tiles and rupture of the transverse webs generally. In the 
double-exterior shell tile,J the damage is confined to the exposed shell and the 
attached short webs. The shape of the unit appeared to have only a minor 
effect on the damage. Individual tiles in restrained or in loaded walls are 
damaged more than in unrestrained walls. Practically all of these walls 

* Bureau of Standards, letter circular 229. 

t Research Paper No. 37, U. S. Bureau of Standards, January, 1929. 

t Manufactured by the National Fireproofing Company. 
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Table XXIV. Bureau of Standards’ Classification. Bearing- 
Wall Assemblies of Hollow Clay-Tile 



* Note. When the hollow space is filled at floor-lines and between combustible floor- 
members, the periods are the same as for incombustible floor-members, except that the 
period for 8-in walls with combustible floor-members should not exceed 2 hours (P.I.S.] 
or 4 hours (P.2.S.). 

P.l.S. denotes plastered one side. 

P.2.S. denotes plastered two sides. 
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were repairable after fire damage, by one or more of the following methods: 
Replastering; removing outer shells and filling with cement mortar; remov¬ 
ing exposed shells of single-wall tiles and filling cells on the exposed side with 
cement mortar; or repairing with “Gunke.”* Recurrent fire-tests showed 
that repaired and replastered walls developed an efficiency in withstanding 
fire equal to that of the original wall. 

Table XXV. Bureau of Standards’ Classification. Combination 
Wall Assemblies—Hollow Clay-Tile 


(Bearing or Non-Bearing) 



Thick¬ 

ness, 

inches 



Ultimate resistance 
periods, hours 

Type 

Description 

Plaster 

coats 

Com¬ 
bustible 
floor- 
member * 

Incom¬ 
bustible 
floor- 
member * 

H rick-faced 
(1-cell tile) 

8 

End or siJe-con- 
stniction 

P 1 S 

2 

4H 

Brick-faced 

12 

End or si le-con- 

None 


6 

(2 or 3-cell tile) 

struction 

PIS 

3 1 2 

7 


* See Note, Table XXIV 


























1028 


Fire-Proofing of Buildings 


[Chap. 22 


Also Mad© without* 



Three Core 8"x8'xl6 w Two Core 8'x8'xl6" 8'x8"xl2" 

Types of Concrete Wall-Block - Stretchers 



> Block for Wood Sash -SKlSiS' 

Also Used as Joist Block Jamb £f Ste el SasU 

Standard Specials for 8 ff Block, Also Made In the Two-Core Typo 
Similar Specials are Regularly Furnished for 12"Block 

r-3'or i" ^y-3'br 4" ^<V-3'or i" 




. x3”or 4”xl6" v %U^8"x3"or 4"xl2" 

Made 9"x3"or 4"xlS" lsJ/t2"x3"or 4"xl2"' 

Three-Core Type of Partition-Block 
Similar Units are Obtainable for the Two-Core Type or in Solid Units 




SK"x8"xl2"Tlie 

Fig. 116. Sand-Concrete Wall Units 
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Load-Bearing Clay-Tile. Load-bearing structural clay-tile are scored 


for the mechanical bonding of plaster or stucco 
on four sides and may be laid with their cells 
either horizontal or vertical. They have the 
same outside dimensions as partition tile and 
are similar in general appearance, except that 
the shells and webs are thicker. The New 
York City Building Code requirements call 
for webs and shells 1 in thick. 

Standard load-bearing tile are used in all 
types of load-bearing walls. When used for 



exterior walls they are generally finished out¬ 
side with brick veneer or stucco and plastered 
inside if a finished inside wall is desired. They 
are also used for interior load-bearing walls, 
being plastered on one or both sides or left 
unplastered. 

Load-bearing concrete units are shown in 
Figs 116 and 117. They are built in sizes 
fixed by Simplified Practice Recommendations 
of the Department of Commerce,* both in the 
sand and cinder-concrete units. For a dis¬ 
cussion of the properties of hollow concrete 
units, see Hollow Concrete Blocks and Tiles, 
Article 5. 

Clay-Tile. Combination Walls. Building 
Code requirements for the protection of 
structural clay tile exterior walls vary 
considerably from permitting 8-in walls with 
exposed tile to a requirement for stucco or 
stone finishes, and in the more recent develop¬ 
ments for panel walls in skeleton frames, to 
not less than 4 in of clay brick facing. 

Originally the purpose of back-up tile was 
to provide a heat-insulating membrane in 
residence-construction which would serve the 
purpose of furring and also provide a load- 
bearing element. Types of these back-up tile 
or block, used for the last 15 years in build¬ 



ings of limited height, are indicated in Fig. 
118. 

For the backing-up of masonry walls, and 
some face brick walls, where the added in¬ 
sulation is wished, a two-cell hollow brick 
is also used. These units are more flexible 
than the larger back-up units, the small size 
of the hollow brick being adaptable to irregu¬ 
lar stonework. (See Fig. 119.) Fig. 120 indi- 



cates such back-up tile used in faced walls ^ m cinder-ConcreteW.il 

or brick-veneered walls in buildings of limited Units 

height. 


In recent years the advent of the multistory building with structural-steel 


• S.P.R. 32. 
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5"X4"X12" 

1-cell 

Wt. approx. 9 lb. 



5''X4"X12" Corner Tile 
3-cell 

Wt. approx. 9 lb 



5"X8"X12" 

2-cell 

Wt. approx. 16 lb 



5"X8"X12" Corner Tile 
4-cell 

Wt. approx. 16 lb 



5"X8"X 12" 5"X8"X 12" Jamb Tile 

3-cell 5-cell 

Wt. approx. 16 lb 



5"X8"X6" Half Jamb 
3-cell 

Unless otherwise specified, Back-up Tile are furnished plain on one 5"X 12" side. 
Fig. 118. Back-up Tile 
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or reinforced-concrete frame has added another reason for the wider use of 
back-up material. The great saving in the weight of supporting steel expe¬ 
rienced by the lighter weight of the exterior walls of important buildings has 
made the Combination Wall exceedingly popular, especially in New York 
City and the East. The better types of back-up 
tile for this use are those which do not ma¬ 
terially retard but preferably speed erection of 
the exterior face brick. As in the case of any 
extruded structural-clay product, back-up tile 
must of necessity be either side or end-con¬ 
struction, depending upon whether the cells 
are laid horizontally or vertically. The selec¬ 
tion of the method of construction depends upon 
the comparative efficiencies of the two types. It is claimed by some that the 
horizontal cell or side-construction will insure dry walls, owing to the fact 
that the moisture when condensed will not run down through the vertical 
cells and accumulate at the floor-line, and better and easier construction 



Fig. 119. Back-up Hollow 
Brick, Two Cell 



Twelve-inch brick veener load bearing wall, using 5"X8"X12" back-up material as 
backing and hollow brick to provide header bond 

Fig. 120. Back-up Hollow Brick Used in Faced Walls 

results from the more positive bed for horizontal joints. Others do not 
desire to sacrifice the strength differential afforded by end-construction in 
favor of the more or less doubtful advantage above stated. 

The New York City Building Code requires the shells and webs of back-up 
clay tile used in skeleton wall construction to be 1 in thick, faced with 4 in 
of brickwork bonded every sixth course with headers extended into the back- 
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8" Perfection Tile 12" Perfection Tile 

8"X7 X"X 12" 2-cell 12"X7^"X 12" 3-cell 

Wt. approx. 26 lb Wt. approx. 39 lb 

Full inch web and shell Full inch web and shell 

Fig. 121. Side-Construction Back-up Tile 



Stretcher Block Header Block Column Covering 



Western Header Backer 


Note that the backer tile is 
similar to Natco Double Shell 
Load Bearing Tile except in 
height which is lOJ^" instead of 
12". Header tile matches the 
backer tile in web construction 



Eastern Header Backer 


Note that the backer tile is 
similar to Natco Triple X Load 
Bearing Tile except in height 
which is 10instead of 12". 
Header tile matches the backer 
tile in web construction 


Fig. 122. End-Construction Back-up Tile 


V—«f—*\ 
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ing. In place of one solid web, two adjacent %-in thick longitudinal webs 
are accepted. Structural day-tile used in exterior walls should be low in 
absorption. With absorption higher than 12 to 16%,* there is likelihood 
of gradual disintegration caused by freezing and thawing. Examples of 
side and end-construction tile are shown in Figs. 121 and 122. A standard 
weight of 8-in tile for use in exterior walls has been established by the U. S. 
Department of Commerce at 36 lb per sq ft, both for load and non-load 
bearing constructions. 

All three types of tile insure the laying of a brick-faced wall with five 
stretcher courses and one header course every sixth course. The usual 
method of laying back-up tile is to lay five stretcher courses, then two back-up 
block courses, followed by the stretcher course. This method insures regu¬ 
larity without affecting the usual procedure understood by the average 
bricklayer. However, it is recommended that one or two courses of tile 
backing be laid ahead of the face brick in order that the space between 
brick and backing may be filled with mortar as the brick are laid up. This 
has been found by experience to be the best method of insuring water- 
and storm-proof walls. All exterior doors and window frames should be 
properly caulked with elastic caulking cement. Mr. P. H. Bevier of the 
National Fireproofing Company, in an article “Brick and Hollow Tile 
Walls” f describes the precautions necessary in laying up combination 
walls, as follows: “The joints of the face work should be thoroughly filled 
with mortar and carefully struck smooth with the trowel or convex tool to 
compress the mortar to make it more dense and impervious. Raked-out 
joints or rough-cut joints for artistic effect are common causes for leaking 
walls. Some architects specify an integral waterproofing to be mixed with 
the cement. There are several brands on the market and their use will lessen 
the absorption of the mortar, but it will not close shrinkage cracks or cure the 
effects of bad workmanship or poor mortar. Mortar made of well-graded 
sand, not too coarse, mixed 3 parts to 1 part Portland cement and 15% 
by volume of the cement of hydrated lime, mixed in a machine mixer, will 
give good results, if care is used by the bricklayer to fill all cross joints as 
well as the bed joints. Mortar is more porous than tile and a tight wall can¬ 
not be expected with lean mortar. In a tile-backed wall the back of the 
face brick should be entirely covered by parging with mortar before the 
tile are set. The space between the brick and tile should be filled with 
mortar and this can be better done by parging than by trying to fill with mor¬ 
tar after the tile are in place. For some years many advocated leaving 
this space open on the theory that the moisture was carried through the 
wall by capillary action of the mortar, which is greater than that of the 
tile; but this was found to be a mistake. The open space admits the water 
freely and it runs down the back of the face brick until it hits the brick 
headers and then finds its way to the plastering. Unfortunately, some 
contractors persist in this practice because it costs something to fill joints 
with mortar. The place to keep out water is the outside of the wall. When 
the tile are being set, care must be taken to fill and strike smooth all the 
inside joints.” 

To gain the space lost by furring exterior masonry walls, either solid brick 
or back-up construction, dampproofing is generally applied to the brick 
or tile. Either a 3^-hi thick mastic coat is applied with a trowel, or two 
coats of a semi-mastic are applied with a brush, and in both cases the pl&s- 


* A. S. T. M. Standards, sec Table IV, Article 5. 
t Building Age and National Builder, April, 1928. 























































Fig. 125. Combination Clay-tile Wall Sections 


backing, with stone, brick, 
of columns, shafts, stair- 
enclosures and partitions 
of this twenty-five-story 
skeleton-frame structure. 
As with other concrete 
block or tile products, 
special precautions must 
be used to insure that the 
material is thoroughly 
cured and dry before plac¬ 
ing in the wall construc¬ 
tion. 

Weldcrete Masonry. 

Within recent years a 
form of hollow concrete- 
block masonry construc¬ 
tion, either alone or com¬ 
bined with a brick fac¬ 
ing, welded together by 
“Gunite,”* has been 
developed by the Coveil 
Corporation of 1600 Wal¬ 
nut Street, Philadelphia, 
Pa. Special cinder-con¬ 
crete masonry units, Fig. 
128, designed to provide 
open joints directly ac¬ 
cessible from one or both 
faces, are laid up dry in 
the walls and bonded 
together with “Gunite” 
shot into the open joints 
by means of the cement 
gun. Walls, 6 in or more 


and terra-cotta facings, as well as for fire-proofing 



Fig. 126. “ Kubak ” Back-up Tile 


See Gunite, Article 5. 
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in thickness, are erected dry and plumb to line without auxiliary support; 
partition walls less than 6 in in thickness are temporarily braced with studding 
as a means of support until the joints are filled with “Gunite.” In com¬ 
bination walls, faced or veneered with brick, the process consists in erecting 
the face brick with hand-placed mortar to scaffold height or sill height as 
determined by field conditions, which is then parged on the inside with a 

J^-in coat of “ Gunite,” and 



the dry Weldcrete units are 
then laid up against the parg- 
ing coat and the joints shot 
and bonded to the facing with 
“Gunite” webs. The inside 
face of the wall is either 
plastered directly on the 
blocks, or a base coat of 
“Gunite” is deposited after 
the joints have been filled. 
The surface is then screeded, 


Fig. 127. Cinder-concrete Block Combination Wall straight-edged or otherwise 

made ready for the finish 
plaster. A wall thus erected with two membranes of “Gunite” is prac¬ 
tically proof against weather and infiltration of air and moisture. 

Three principal types of wall constructions are built by the “Weldcrete” 
method; concrete-block wall with interior and exterior coats of “ Gunite”; 
combination wall with exterior facing of brick or stone; and the furred 
wall, consisting of the face wall of brick or stone laid up in the usual manner 
by masons with trowel and mortar, and furring blocks of a minimum 
thickness of 3 in are Gunited together and to the parge coat on the masonry 
wall. The “Gunite” usually employed is the standard 1 :3 mixture of 
Portland cement and sand. For lighter loads and skeleton walls, a mixture 
of 1 part of Portland cement, 1 part sand, 3 parts of %~in crushed cinders 
and % sack of hydrated lime to a bag of cement has been substituted. 
This parging provides a better base coat for plastering, and is deposited with 
greater ease and exactness than the regular “Gunite” mixture. An 
example of “Weldcrete” construction is the ten-story Riviera Apart¬ 
ment at Atlantic City, New Jersey,* erected in 1930. At Asbury Park, 
N. J., the new Fitkin Memorial Hospital is a four-story skeleton reinforced- 
concrete frame in which the walls consist of 4-in face brick backed up 
with the 8 by 8 by 16-in “Weldcrete” units with %-\n parge coat of 
“Gunite” and finish plaster. In the Masonic Home at Elizabethtown, Pa., 
70 000 sq ft of 3-in partition blocks were used, grouted both sides with 
“Gunite” to a total thickness of 4 in. The outside walls of the structure 


were water-proofed with a cinder “Gunite” coat in which an integral water¬ 
proofing was incorporated. In addition to eliminating scratch and brown 
coats of plaster by the use of the “Gunite” parge coat, the “Weldcrete” 
masonry is insured for a period of ten years against penetration of moisture 
or injury to the wall from such cause. Strength tests conducted at the 
University of Pennsylvania on wall specimens, approximately 3 ft high by 
3 ft wide and 8 and 12 in thick with and without brick facings, developed 
ultimate loads in excess of the strength of the individual units owing to the 
monolithic nature of the completed construction, and the continuous grid of 
vertical and horizontal webs. Exterior or interior “Gunite” parge coats 


September, 1930, issue of Concrete, Chicago, HI. 
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Uses: Foundations and heavy load 
bearing walls 

Sizes: 6 in X 8 in X 16 in 
8 in X 8 in X 16 in 
12 in X 8 in X 16 in 


Single Ribbon.—No barrier 

(square end) 

Uses: Back-up 
Sizes: 6 X 8 X 16 hollow 
8 X 8 X 16 hollow 
12 X 8 X 16 hollow 
Halves of above Sizes 

Double Ribbon.—Center barrier 
Uses: Fire walls, fire division walls, 
party walls, elevator enclosures 
fire and stair "owers, exterior 
walls for stucco finish 

Sizes: 6 X 8 X 16 hollow 
8X8X16 hollow 
12 X 8 X 16 hollow 
Halves of above Sizes 

Single Ribbon —Side barrier 
Uses: Non-load bearing partitions 
Sizes: 

3 X 9 X 16 hollow with solid top 

4 X 9 X 16 hollow with solid top 

Halves of above Sizes 

Single Ri,)bon —No barrier 
Uses: Back-up 

Sizes: 3 X 8 X 16 solid (furring) 

4 X 8 X 16 solid 
Halves of above Sizes 


Single Ribbon.—Side barrier one 
end only 

Uses: Fireproofing columns 
Sizes: 

3X8X12, 14, 16, 18 or 20 solid 


Fig. 128. “ Weldcrete” Masonry Units 
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can be deposited of natural or white Portland cement colored with mineral 
pigments and the surface finish left with natural “ Gun” finish, screeded, 
troweled, sacked, or with other tooled effects. The advantages claimed for 
" Weldcrete” masonry are: Economy and lower cost than ordinary masonry 
walls of equal strength, water-proofness and fire-resistance; greater strength, 
efficiency, rigidity, and impact resistance; and ease and rapidity of erection. 



Fig. 129. Weldcrete Wall of Cinder Units and “Gunite” 


No full-size fire-tests and very few strength-tests are yet available on this 
type of construction. 

13. Fire-Resistive Partitions 

Requirement of Fire-Resistive Partitions.* As a rule the partitions in fire- 
resistive buildings are not required to support any weight, but merely to 
serve the purpose of dividing the spaces into rooms, and to confine a fire to 
the compartment in which it originates. No greater strength, therefore, is 
required in a partition than is necessary to carry its own weight. Rigidity, 
however, is required, and a rigidity in proportion to its height and unsupported 
length. When partitions separate apartments or sections of a story, that is, 
when they are practically without window-openings or door-openings, they 
should be rigid enough to prevent the passage of water from a hose-stream as 
well as the passage of flame. In other cases this may be unnecessary; in 
fact, at times it may seem desirable to construct partitions which can be easily 
removed to get at a fire spreading through doors or windows. The materials 
of partitions should be incombustible. They should be poor conductors of 
heat. It is desirable, also, to have them unaffected by water. Lightness is 

• See Fire-Resistive Wall Assemblies, Article 12. 
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a desirable property, as any increase in the dead weight of the construction 
adds to the cost of the structure. Partitions should be as sound-proof as 
possible. Window-openings should be avoided, when possible, in fire-resistive 
partitions, and even door-openings should be reduced in number to a mini¬ 
mum. In many buildings, however, in which halls have no openings into 
streets or courts, such windows are necessary for lighting the halls. When 
this is the case the frames should be made fire-resistive, wire-glass should be 
used, and, if possible, the sash made stationary. 

Fire-Tests on Partitions. In New York City no materials or types of con¬ 
struction arc permitted for interior permanent partitions in fire-proof buildings 
that have not met the required fire tests. Briefly, these tests require that 
the partition shall resist for one hour the destructive action of a wood fire, 
the heat of which has been gradually increased to 1 700° F. during the first 
half-hour and maintained at that temperature for the balance of the time; 
and that it shall resist, also, for two and a half minutes at the conclusion of 
the fire test, the application of a hose-stream at 30 lb pressure. 

In addition to the wall assembly tests previously described and classified 
in this article, fire-testing of partitions has been actively carried on in the 
testing laboratories throughout the country, and has been especially prose¬ 
cuted at the Columbia University Testing Station for the New York Bureau 
of Buildings. In this laboratory, at least one hundred tests have been made 
involving hollow-clay tile, concrete and concrete block, gypsum and gypsum 
block, metal lath and plaster on both combustible and incombustible furring, 
plaster and wall boards of various materials and reinforced concrete in various 
forms, as well as patented assemblies of these and other materials. 

In the New York Tests there has not been generally any specified require¬ 
ment for limitation of heat-transmission, although this factor has been con¬ 
sidered in limiting the approvals. No data have been published giving the 
wealth of information contained in these tests, except for a brief r£sum£ on 
the behavior of gypsum blocks * by S. H. Ingbcrg. Analyzing the merits 
of the various materials used in the constructions, and correlating all the 
other available test data, the fire-resistive ratings given in Table XXVI 
are believed to represent an equitable and just classification of the types of 
construction commonly found in buildings. 

Types of Partitions. Fire-resistive partitions that are in common use may 
be grouped, according to the materials or the method of construction used, as 
follows: 

(1) Brick; 

(2) Hollow clay-tile; 

(3) Concrete (stone or cinder); 

(4) Gypsum block; 

(5) Plaster or concrete, with metal lath or reinforcement. 

Some of the properties of these constructions are discussed in the following 
paragraphs; the choice of the materials and the type of construction will be 
determined by the character of the building and the purposes for which it 
is used. 

Partition-Walls. For bearing-partitions, that is, those which support floor- 
beams, there are probably no materials more satisfactory than brick and con¬ 
crete. The latter may be used either in the form of blocks, or may be poured 
into forms. Medium or hard grades of tile are also being used with satis¬ 
factory results for bearing-walls. 

• Proceedings A. S. T. M., Vol. 25, 1925, page 299. 
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Table XXVI. Minimum Fire-Resistive Partitions for Buildings 


(Exclusive of Plaster Finish, Except Where Noted) 


Thick¬ 

ness, 

inches 

Description of wall or partition 

Fire-resistive 

rating, 

hours 

2 

Solid fibered gypsum plaster on M-in gypsum bd.; 



steel studs 26 in o.c., maximum spacing. 

1 

2 

Solid sanded gypsum plaster on metal studs and 


2 

Solid Portland-cement plaster on metal studs and 



metal lath. 

1 

2 

“ Gunite ” shot on metal lath consisting of No. 13 


2 

gauge 1% in exp. metal. 

Solid gypsum block. 

1 

1 

3 

Hollow gypsum block. 

1 

3 

Hollow structural clay-tile, 1-cell, plastered % in. 

1 

3 

Hollow cinder-concrete tile-plastered both sides A in 

1 

3 

Hollow, metal studs, metal lath or % in gypsum 



bds. both sides plastered. 

1 

4 

Hollow structural clay-tile, 1-cell, plastered 1 side A in 

1 

4 

Hollow cinder-concrete tile. 

1H 

4 

Hollow clay-tile, 1-cell, plastered both sides A in. . . 

iy 2 

4H 

Hollow, metal studs, metal lath both sides, % /i in 



sanded gypsum plaster. 


6 

Hollow clay-tile, 2-cells. 

iH 

2 

Solid fibered gypsum plaster on metal studs and lath 

2 

2'A 

Solid Portland-cement plaster on metal studs and lath 

2 

2 M 

Solid sanded gypsum plaster on metal studs and lath 

2 

3 

Hollow gypsum block, plastered both sides H in. . . 

2 

6 

Hollow structural clay-tile, 2-cell; plastered one side. 

2 

8 

Hollow structural clay-tile; 3-cell. 

2 

2'A 

Solid fibered gypsum plaster, on metal studs and lath 

3 

4 

Hollow gypsum block. 

3 

5 

Reinforced stone or cinder concrete. 

3 

6 

Hollow structural clay-tile, 2-cell, plastered A in 



both sides. 

3 

6 

Solid cinder-concrete block. 

3 

8 

Hollow brick plastered A in both sides. 

3 

8 

Hollow concrete block. 

3 

8 

Hollow structural clay-tile, 3-cells, plastered one side 

3 

12 

Hollow structural clay-tile, 3-cell. . . . 

3 

12 

“ Gunite ” on both sides of “ Gunite" studs. 



2 in thick; 6 X 8 in studs. 

3 

6 

Reinforced concrete. 

4 

6 

Solid cinder-concrete block, plastered both sides A in 

4 

8 

Solid brick, solid cinder or solid stone concrete. 

4 

8 

Solid cinder concrete block. 

4 

8 

Hollow concrete block, plastered both sides H in. ... 

4 

8 

Hollow brick, plastered both sides A in. 

4 

8 

Hollow structural clay-tile, 2-cell, plastered both sides 

4 

12 

Structural clay-tile, 2 units, 3-cell. 

4 

12 

Structural clay-tile, 1-unit, 3-cell, plastered 1 side... . 

4 

12 

Hollow Rolok wall, plastered one side. 

4 

8 

Reinforced concrete. 

6 

12 

Hollow Rolok wall, plastered both sides. 

6 

12 

Combination wall, 8-in clay-tile, 4-in brick, 2-cell, 



plastered one side. . 

6 

12 

Structural clay-tile, 2-units, 4-cell. 

7 

12 

Reinforced concrete. 

9 

12 

Solid brick. . 

9 


Note 1 . Rating increased H hour for each coat of Yi in filtered gypsum or % in 1 : 2 
Portland-cement mortar on assemblies shown above unplasterer!. 

Note 2. Number of cells in day-tile refers to number through thickness of partition. 
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Hollow Clay-Tile Partitions. These are usually built of tile that are 12 by 
12 in on the face, and of varying thicknesses, as shown in Fig. 130. The 2-in 
partition-tile available in the Eastern market in 2 by 8 by 12 in and 2 by 12 
by 12 in dimensions are impracticable and are not recommended for partition- 
work. The 3-in, 4-in, and 6-in tile are commonly used, the 4-in tile being the 
most popular for ordinary work. For the more important partitions, such 
as stair and elevator-enclosures, nothing less than the 6-in tile with the double 
row of cells should be used. The blocks are commonly set with the voids 
vertical. 

Strength end Fire-Resistance. Under Fireproofing, Partition and Furring 
Tile, Article 5, the specifications of the American Society for Testing Mate- 




Fig. 130. Structural-Clay Partition-Tile 


rials are given for the classification and the standard weights and dimen¬ 
sions of STRUCTURAL CLAY PARTITION-TILE.* Where the FIRE-RESISTANCE 
is an essential property, the purchaser must specify the performance period 
required, and the manufacturer will supply the information on the fire-test 
performance of the specified product. For inside non-bearing partitions the 
soft grade is preferable to the hard, while for outside walls the medium or 
hard grades should be used. With dense tiling it is necessary to insert 
either wooden nailing-strips, which are very objectionable, or blocks of porous 
tile to take their place. Wood and other trim is usually attached to structural 
clay-tile partitions or walls by means of wedges or plugs, set in the mortar 
joints. Several attempts have been made to eliminate this troublesome 
procedure as it interrupts the speed of the tile-setters. Probably the most 
tffertive solution of the problem is the use of the wedge feature on tile man¬ 
ufactured by the Whitacre Greer Fire Proofing Company. (See Fig. 131.) 
TV, e tile is deeply scored at one point in either or both faces of the tile, and 

* A S. T. M. C56-30. 
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definitely dovetailed. After the tile are erected in the finished partition, 
wooden wedges are inserted in these deep scorings in pairs. The trim P 
nailed to these wedges. The advantage of this method is that the wedgei 
may be inserted after the tile are erected, the trim can be applied at any point 
without previous manipulation, and the tile-setters are not interrupted in 
their work. Special wood wedges are provided for nailing bases, waterproofed 
with a stainless solution so as not to expand or contract under varying tem¬ 
peratures and humidity. Strength tests made at the Case School of Applied 
Science show that one pair of wooden wedges with two No. 4 Clout Nails 
developed a vertical pull of 573 lb and a horizontal pull of 232 lb. Fig. 131 
shows how the nail when driven clinches in the wedge block. 


- Positive Grip of Dovo^j 
tall Wedges in Special^' 

Dovetail Scoring o 
the Tile 

Heavy Reinforce¬ 
ment. of Tile in Line IS 
ith Web gives Solldfii 
ailing Surface 

Shows How Nail Clinches 
When it Hits the Tile 


Fig. 131. Wood Wedges in Tile for Attaching Trim 




L 

r 


Mortar. Tile partition-blocks should be set in mortar made of one part 
lime-putty, two parts cement, and from two to three parts sand. The blocks 
should be well wet before setting and the partition wet down before the plas¬ 
tering is applied. 

Heights and Lengths of Structural Clay-Tile Partitions. The safe height 
of terra-cotta partitions in inches may be approximated by multiplying the 
thickness in inches by 40. Common practice allows a safe height of 12 ft for 
3-in, 16 ft for 4-in, and 20 ft for 6-in partitions. For partitions without side- 
supports the length should not materially exceed the safe height. Doors and 
high windows may be considered as side supports, provided the studs run from 
floor to ceiling. 

Scored vs. Smooth-Surfaced Tile. Structural clay-tile are generally 
plastered on one or both faces. To insure an effective mechanical bond, the 
tile are scored. That is, the dies through which they are extruded are 
so contrived that the finished outer surfaces are all scored to a depth of 
about to %6-'m width, with under-beveled edges. This device provides 
a definite, positive bond for plaster. Some manufacturers extrude the clay 
in a consistency which is sufficiently dry to cause the side of the beveled 
scoring to drag in the dies, thereby producing a feathered edge, which is 
claimed to enhance still further the value of the scoring. Tile are made with 
plane surfaces, without scoring, when plaster is not to be applied. The uses 
of smooth tile are confined to industrial plants, power-houses, etc., where a 
reasonably smooth, unplastered wall or partition is required, at a minimum 
of expense, which can be painted with standard oil paints; but precaution 
must be taken to prevent the mortar joints when fresh from burning through 
the paint. 

Clay Tile-Partition Weights. The weights of structural clay tile-partitions 
should be assumed not less than the following, to which plastering will add 
an additional 5 lb for each surface plastered. 
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2- in partition (3-cell tile) 14 lb per sq ft 

3- in partition (3-cell tile) 16 lb per sq ft 

4- in partition (3-cell tile) 18 lb per sq ft 

6-in partition (3-cell tile) 22 lb per sq ft 

6-in partition (4-cell tile) 26 lb per sq ft 

8-in partition (4-cell tile) 32 lb per sq ft 

10-in partition (4-cell tile) 38 lb per sq ft 
12-in partition (4-cell tile) 42 lb per sq ft 

Concrete Partitions. Partitions of monolithic stone concrete are seldom 
used because of the forms necessary for their erection, and their weight, which 
make them comparatively expensive. Unless reinforced they take up too 
much room. They are the heaviest of all partitions. Even in buildings that are 
entirely of reinforced concrete they are not generally used. Cinder-concrete 
monolithic partitions are somewhat lighter and considerably cheaper than 
those of stone concrete. Yet even these are too heavy and too troublesome 
to construct to be satisfactory. Among the partitions tested and approved 
by the New York City Building Bureau is one that consists of cinder-concrete 
blocks, 2}^ and 3 in thick, the thicker ones being hollow, 12 in high, and 18 in 



Three-core Type of Partition Block—Sand-Concrete 
Similar Units are Obtainable for the Two-core Type or in Solid Units 
Fig. 132. Sand-Concrete Partition-Blocks 


long. They have their edges cast with tongues and grooves that furnish 
more or less of a bond between the blocks when they are set. Hollow sand- 
cement concrete building-blocks make fairly good partitions, but are fre¬ 
quently objectionable on account of their thickness and weight. 

The sizes of concrete block and tile are fixed by Simplified Practice Recom¬ 
mendations of the Department of Commerce.* Typical tile are shown in 
Fig. 132. 

Cinder-Concrete Tile-Partitions and Walls are made of units of the size 
and dimensions shown in Figs. 117 and 133 in standard thicknesses of 
3, 4, 6, 8, 10, and 12 in. The manufacture is controlled by the National 
Building Units Corporation, Philadelphia, Pa. The weight of unplastered 
partitions should be assumed not less than the following: 

3- in partition (3-cell tile) 18 lb per sq ft 

4- in partition (3-cell tile) 20 lb per sq ft 

6-in partition (2-cell tile) 28 lb per sq ft 

8-in partition (2-cell block) 36 lb per sq ft 

10-in partition (2-cell block) 48 lb per sq ft 
12-in partition (4-cell block) 56 lb per sq ft 

In a fire test conducted on a 4-in cinder tile-partition, unplastered, for the 
UaDor Department of the State of New York in 1928, the construction was 


• S. P. R. 32. 
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subjected to the standard test for a period of three hours without any visible 
cracking of the partition. The blocks on the fire side were discolored ior a 
depth of to 1 in; no appreciable surface pitting occurred, but the mortar 
joints were eroded to a depth of aoproximately % in. The 250° F. temper¬ 
ature rise through the partition was reached in 1 hr 40' min. The average 
surface temperature on the side unexposed to fire exceeded 800° F. at the 
end of the 3-hour test. The partition was not 
plastered. 

Light-Weight Concretes made with artificial 
aggregates such as Haydite are extensively used 
through the West in the manufacture of hollow 
partition and wall blocks in all standard 
sizes and thicknesses. (See Fig. 116.) No large- 
size fire-tests are available of these partitions; but 
equal thicknesses should develop the same resist¬ 
ance as cinder-concrete units and weigh approxi¬ 
mately 30% more. Fire-tests * on the 8-in load- 
bearing Haydite block manufactured by the 
Western Brick Company, Danville, Ill., indicate 
that blocks of this thickness successfully meet the 
3-hour test requirements and that failure generally 
occurs in temperature rise beyond the critical 
permissible limits on the unexposed side of the 
partitions. 

Another light-weight concrete partition-unit is 
made of Aerocrete, an expanded concrete, in 
blocks 3 and 4 in thick by 12 by 24 in. It can also 
be cast in special sizes on order. The aerocrete 
used for this purpose weighs 50 to 60 lb per cu ft 
and has a compressive strength of 300 lb per sq 
in. It is claimed for these blocks that the cellular 
structure of the Aerocrete absorbs sound to a 
very high degree and that they are desirable for 
use in partitions of hospitals, apartment-houses, 
and office-buildings. The blocks are manufactured 
by the Aerocrete Corporation of America, New 
York, N. Y., H. W. BeU Company, New York, 
N. Y., and the Aerocrete Western Corporation, 
Chicago, Ill. These blocks can be plastered with 

Pig. 133. Cinder-Concrete )L W ° c ° at3of t CYPS ™ or P" 1 ^ ™ th P 1 ^Paint. 
Partition-Blocks The height of partitions should not exceed 50 times 
the thickness of block. 




Gypsum-Blocks. The terms gypsum-blocks and tiles are now more gen¬ 
erally employed than the term plaster-blocks, as they are more accu¬ 
rately descriptive. Gypsum partition-tile are manufactured 12 in wide and 
30 in long; and 2 in solid, 3 in solid, and 3, 4, 5, and 6 in hollow. The most 
common size is the 3-in hollow block. Among the manufacturers are the 
U. S. Gypsum Co., Chicago; Structural Gypsum Corporation, Linden, N. J.; 
Atlantic Gypsum Products Co., Boston; Certain-teed Products Corporation, 
New York; Universal Gypsum and Lime Co., Chicago The fire-resistance, 
standard thickness of shells and other properties of gypsum and gypsum 
TOE have been previously discussed. (See Article 5.) 

* Retardants Nos. 2051 and 2390, Underwriters' Laboratories, Chicago. 
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Gypsum-Block Partitions. Blocks made of gypsum combined with various 
substances, such as cinders, wood chips, cocoanut fiber, asbestos, etc., have 
been largely used for partitions in fire-resistive buildings. They are generally 
made of unretarded first-settle gypsum with 1 to by weight of wood 

fiber. The principal advantages claimed for these partitions are their great 
lightness and reduced cost compared with other forms of partitions. Gypsum 
blocks can be readily cut with a saw, and have a considerable holding 
power for nails. In the fire tests, made for the Bureau of Buildings, New 
York City, they have generally shown considerable resistance to the flame 
and have transmitted less heat than partitions of any other form. They did 
not, however, always stand the hose-stream, some of them being easily pierced, 
and all of them being more or less washed away by the water. The com¬ 
bination of large units with lightness in weight permits more rapid erection 
of gypsum tile-partitions than any other type of fire-resistive partition. 
An objectionable characteristic of these blocks is their tendency to absorb 
moisture while being stored and to draw water from the plastering when it 
is applied. This moisture works 
down to the bottom of the 
partition where it is likely to 
injure the wooden base. The 
height should not exceed from 
50 to 60 times the thickness 
of the blocks, unplastered. 

Hollow blocks should always 
be set with the cells horizontal. 

In some forms of these par¬ 
titions the blocks are iionded 
together by means of metal 
dowels,* running across the 
horizontal and vertical joints 
from one block into the adjoin¬ 
ing one, as shown in Fig. 134. 

The cut illustrates the use of 
the block in the construction of 
dumb-waiter shafts and shows 134 , Gypsum-Blocks. Doweled Construction, 
how the blocks are anchored at 

the corners by iron dowel-augles. Gypsum-sanded mortar in the proportions 
of 1 part of gypsum to 2 or 3 parts of sand is used in laying plaster-blocks; 
and occasionally fibered-gypsum plaster, tempered with sand, may be em¬ 
ployed. All the partitions in the Chrysler Building, New York, and in 
prominent buildings of Chicago and New York City, are of gypsum blocks 
Gypsum blocks make the lightest practical partition known. The weight a- 
these partitions per square foot may be taken as follows: 


Thickness of block, 

Weight of partition. 

inches 

lb sq ft 

2 solid. 

. 10 

3 solid 

.13 

3 hollow. 

.10 

4 hollow. 

. 13 

5 hollow. 

. 16 

6 hollow. 

. 17 


Patented by the Sanitary Fireproofing and Contracting Co., New York 
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About 6 lb per sq ft should be added to obtain the weight of the partition 
when plastered on both sides. 

Metal-Lath and Plaster Partitions. Partitions constructed of metal lath 
and plaster are of three general types: solid, hollow, and double. “Solid 
partitions are preferred where cost and space saving are the important factors 
and no piping exceeding 1 in in outside diameter is to be concealed. Hollow 
metal-lath partitions on metal studs are recommended for fire-resistive 
separations to conceal service piping, rolling doors, etc.; those on wood 
studs are preferred for bearing partitions in non-fircproof buildings and for 
positions where such studs are required by the building code to have 
metal-lath and plaster protection to provide one-hour fire retardance, and in 
general for better plastering in non-fireproof buildings. Soundproof Double 
Metal Lath partitions are particularly useful where special consideration 
is given to sound insulation. ’* 

The solid partitions are remarkably rigid owing to the adhesion of the 
plaster to the steel making a two-way reinforced plate, and they are lighter 
and occupy less space than any other practical fire-resisting partition of equal 
strength and stability. In the fire-tests, these partitions thoroughly 
resist the passage of flames very much like the plaster block partitions. 
When the hose-stream is applied, the calcined plaster on the fire side washes 
off and exposes the metal lath. The rigidity of the metal fabric on the metal 
Studding has been considered by firemen a disadvantage, because of the diffi¬ 
culty of cutting through it to get at a fire. Any of the reinforcing fabrics, 
described under Types and Properties of Metal Lath, Article 14, can be used 
in the construction. The lath or fabric has been in some instances subject 
to the coRRO.srvE effects of the gypsum plaster. 

In the demolition of the Pabst Building, New York City, the metal lath used 
throughout in the partitions was found to be considerably corroded, after 
about four years, even though the lath had been painted. On the other hand, 
other cases are cited by the manufacturers, such as the Chess residence at 
Pittsburgh, Pa., the Sturtevant residence at Springfield, Mass., and the West 
End Trust Building at Philadelphia, Pa , in which after twenty years no cor¬ 
rosion of the metal lath in plaster partitions was observed. The investiga¬ 
tions of the United States Bureau of Standards of various forms of stucco- 
construction seem to bear out the manufacturers’ contention. The lath 
should in all cases be protected against initial or incipient corrosion by paint¬ 
ing or galvanizing before being embedded in the cementitious material. 

Weights of Plaster-and-Metal Partitions. The weight of a 2-in solid 
partition, when dry, is about 20 lb per sq ft. The weight of partitions of 
greater thickness may be estimated on a basis of 120 lb per cu ft of gypsum 
or cement-mortar plaster. 

Construction of Solid Partitions.t The usual construction of these par¬ 
titions consists of 1 or lj^-in standard or hot-or-cold-rolled box channels 
spaced from 12 to 30 in on centers, depending upon the rigidity of the lath 
used and the height of the partition. Figs. 135 and 136 show the various 
methods used for attaching the studs, either in one or two pieces as may be 
required, to the fire-resistive floor and ceiling-construction. For time-saving 
erection, it is a good practice to install track channels at floor and ceiling 
secured to the masonry by hardened nails. In 2-in solid partitions, the chan¬ 
nel studs are placed slightly off center to provide % in of plaster on the lath 

♦ See Partition Handbook of Associated Metal Lath Manufacturers, Chicago. HI. 

f Some of the details are taken from the Associated Metal Lath Manufacturers* Hand* 
book, to which the reader is referred for further information. 
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side of the partition. The anchorage of the studs is desirable for stability 
and maximum fire-resistance. Table XXVII gives the size of studs required 


Table XXVII. Size of Studs and Thickness of Partition for Various 
Heights of Solid Partitions 


Height not 
to exceed 

Thickness of 
partition 

Size and weight per ft of channels 
(cold-ro*led) 

9 ft 

Vi in 

% in .276 lb 

12 ft 

2 in 

H in .276 lb 

14 ft 

2 in 

1 in .332 lb 

14 ft 

2 M m 

H in .276 lb 

16 ft 

2 )i in 

1 in .332 lb 

18 ft 

2 T 2 m 

1 in 332 lb 

20 ft 

2% in 

t m .332 lb 

24 ft 

3 in 

Vi in 442 lb 

30 ft 

3>£ in 

Vi in .442 lb 


Note. For partitions over 20 ft hiirh, horizontal channels or rods spaced 6 ft on centers 
are required on the stud side of the partition. 


for the necessary stiffness in solid partitions of different thicknesses and 
heights. The lath is tied to the studs with No. 18 gauge galvanized annealed 
ties spaced 6 in on centers, with the long dimension of the sheet across the 
studs. Flat laths are lapped not less than in on sides and 1 in on ends. 
Rib and sheet laths are lapped at sides by nesting the outside ribs or selvage, 
and on the ends, the lap is at least 1 in; or on sheet lath at least one series of 
loops are nested. Wire lath should be lapped at least 1 in on the ends of the 
sheet, and sufficiently at the sides to bind the mesh together. All sheet lath 
should be installed so that the splices are staggered. The spacing of studs 
as required for different weights of lath are given in the Table XXVIII. AU 

Table XXV33I. Spacing of Studs in Solid or Hollow Metal-Lath 

Partitions 


Kind of lath 

Spacing of channel studs, inches 

12 

14 

16 

19 

24 

32 

Sheet metal, lb per sq yd . 

B 



D 

4.5* 


Expanded flat, lb per sq yd . 

n 



■ 



M • in flat rib, lb per sq yd 



3 0 

3 4 


- 

H in flat rib, lb per sq yd. . . 

■ 


2 5 

3 0 

2 5* 

4 0 

3 4“ 

4.0* 

Unstiffened wire-gauge. . 


No 19 

No. 18 

’ 



Stiffened wire-gauge. 

No. 21 

No. 21 

No. 20 

No 18 
No. 20* 

No. 18* 



• Solid. 
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types of metal-lath partitions are temporarily braced with horizontal chan¬ 
nels usually wired midway in the height of the studs to insure a straight and 
plumb wall for the correct application of lath and grounds. 

After the lathing is in place the carpenter should attach wooden grounds 
to secure the base, and pegs or spot-grounds for chair-rail, picture-molding, 
etc. These grounds are secured by staples or wire ties or clips, and when the 
partition is plastered, become very rigid. “ When wainscots or bases of Port¬ 
land cement, terazzo or similar materials are used, it is recommended that 
metal base screeds or grounds be employed.” * At every door-buck and 






similar opening, a channel stud, either single or double, or of heavier sections, 
should extend from floor to ceiling and across the top of the opening. These 
are drilled and tapped for attaching the bucks or frames, or separated from 
and unattached to the buck to avoid plaster cracking from impact blows. 
The manufacturers of metal doors and trim also provide metal door-bucks and 
frames adaptable to these partitions.! In plastering these partitions, five 
or six coats of plaster are required to make a good job; a scratch coat on one 


• Associated Metal Lath Manufacturers, 
f See Interior Finish and Trim, Article 18. 
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side, a brown coat on each side, and the usual white coat on each side for 
finishing. It is essential for all thin partitions that a hard-setting mortar 
be used of either fibered or sanded gypsum plaster or Portland-cement mor¬ 
tar. The partitions acquire their stiffness largely from the solidity of the 
plastering, hence the firmer and harder the plastering the more substantial 
the walls. Fig. 137 shows a solid partition with wood door-bucks. 

Construction of Hollow Partition. Hollow, double metal-lath and 
plaster partitions are constructed of or 2-in channel studs, or a double 


r* B 



Enlarged Section A-A 
Fig. 138. Hollow Metal-lath Partition 

row of channel studs held together by spacers, the thickness or depth being 
determined by the 3pace required to conceal the pipes and ducts to be installed 
in the partition. For fire-retarding wood-stud partitions, the metal lath 
is applied on both sides of the 2 in by 4 in wood studs. In each case, the 
outside surface of the lath on both sides of the partition is plastered with 
in of plaster. The sizes of studs for varying heights and thicknesses of 
hollow partitions are given in Table XXIX. The spacing of the studs is 
governed by the same consideration as in the solid partition, and the values 
given in Table XXVIII also aaoly. The double partition can also be 
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made solid by filling the hollow space with light-weight concretes, either of 
cinder aggregates or of any one of the expanded concrete fillers, “ Aerocrete” 
and " Haydite” (Article 5) and 44 Nailcrete” and “Naylegrip” (Article 10). 
The use of nailing-concrete fillers eliminates the necessity for furring or nail¬ 
ing-strips for the attachment of base-boards, chair-rails or other interior trim. 
The double parti riON can also be soundproof ed by erecting the double row 
of studs independently of each other without cross-braces or attached separa¬ 
tors.* Each line of studs is separately reinforced with horizontal channels 
placed in the hollow space with the web horizontal and wired to the studs, 
erected on 4-ft centers. 


Table XXIX. Size of Studs and Thicknesses of Hollow Partitions 


Type 

Face-to-face 

plaster 

thickness 

Maximum 

height 

Double row of M-in channels .. 

3 in 

18 ft 

Double row of channels... 

4 in 

24 ft 

Double row of *£-in channels. 

5 in 

30 ft 

Single row of 1 5 <j-m channels.. 

3 in 

18 ft 

Single row of 2-in channels. 

3^ ir 

20 ft 

Single row of 3-in channels . . . 

4H m 

26 ft 

Single row of 4-in channels. 

SH in 

32 ft 


Note. A horizontal stiffener should be provided on l>oth sides of all hollow partitions 
more than 10 ft long or more than 9 ft high. 


Berloy Standard Studs. A patent pressed-steel stud is manufactured by 
the Berger Manufacturing Company, Canton, Ohio, for use in the construc¬ 
tion of hollow lath and plaster partitions. It is furnished in C and H 
sections in depths of 4, 5, 6, 7 and 8 in, the partition finishing about 1.J4 in 
thicker than the depth of the stud. The properties of the sections are given 
in the following table. As shown in Fig. 139, the feature of these studs is the 
positive provision made for securing the lath through the prongs punched 
out of the sheet metal. The lath is thus fastened more firmly and securely 
than by the usual wiring or clips. 

Dickson Studs and Lath. Another patented form of stud is shown in 
Fig. 140, which incorporates a novel form of horizontal plaster lath. This 
device is manufactured by the Dickson Patent Partition Co., New York, for 
both solid and hollow partitions. The advantages claimed for this con¬ 
struction are rapidity of erection and economy in cost. The studs are spaced 
3 ft on centers, and secured to floor and ceiling with 34 by 1J4 hard-steel nails 
or expansion bolts. The partition is plastered with a scratch coat containing 
excelsior or hair-fiber binder, and the usual brown and finish coats. For 
double partitions, a paper felt backing combination lath is fastened to 
the inside of each line of studs and lath. 

Wall- and Plaster-Board Partitions. There are various forms of wall- 
board of an incombustible or flame-resisting nature, made of gypsum rein¬ 
forced with pulp, news or felt stock, or a mixture of hydrated calcined gypsum 
and fibrous binding materials, and boards of treated wood fiber compressed 
into rigid sheets. They are used either as lath for plastering, or as insu- 

* See Sound Insulation, Article 15. 
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iating and wall coverings without plaster finish. They are very light in 
weight, require minimum plaster quantities for finishing, and cost les9 than 
metal lath and but little more than wood lath with three coats of plaster. 
Approved types of these boards, properly erected, possess considerable fire- 



resistance. Wall boards of asbestos are described under Asbestos Products, 
Article 5. 

Gypsum wall and plaster boards are manufactured in conformity with 
standards of the American Society for Testing Materials.* Wall-boards, 
• A S. T. M. Specs. C36-25 and C37-30. See Gypsum Plaster Boards, Article 5. 
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Table XXX. Physical Properties—Standard Supporting Studs 




Fig. 140. Dickson Stud 
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designed for use without plastering, are manufactured in nominal widths of 
32, 36 and 48 in and lengths of 4 to 12 ft. Plaster boards are manufactured 
16, 24 and 32 in wide in nominal lengths of 24, 36 and 48 in. In addition 
to the boards described in the following paragraphs, plaster and wall-boards 
are also manufactured by the Kelly Plaster Board Co., Delawanna, N. J.; 
Atlantic Gypsum Products Co., Boston, Mass.; Universal Gypsum and 
Lime Co., Chicago; Ebsary Gypsum Co., Rochester, N. Y.; National Gypsum 
Co., Buffalo, N. Y.; and the American Gypsum Co., Port Clinton, Ohio. 

Gyplap. This is a wall-board consisting of a solid sheet of gypsum encased 
in a moisture-proof fibrous covering, with one edge V-shaped and the oppo¬ 
site edge cupped to nest in the notch and form a wind-tight joint. It is manu¬ 
factured by the U. S. Gypsum Company 34 in thick, 24 in wide and 6 ft 8 in 
and 8 ft long. It cuts and nails as easily as lumber and possesses consider¬ 
able rigidity as sheating on studs. 


Finished Wall - 
One Side 


Dickson Stud - 


Corrugated Paper— 
or Other Insulation 
Backing Up This Wall 
So That Mortar 
Is Kept Free from 
Air Space 


C 


Air 

IlSpaetj 


-Finished Wall 
Other Side 


-Dickson Stud 


-This Wall Roughly 
Backed Up 


Fig. 141. Dickson Double Partition 


Sheetrock. This wall-board is manufactured by the U. S. Gypsum 
Company, with a close-grained calendered surface of ivory color adaptable 
to enamel and paint finishes to represent tile work. It is furnished 34 and 
% in thick in sheets 32 and 48 in wide and 4 to 10 ft long. A special system 
of joint construction developed by the manufacturer consists in applying either 
a perforated metal tape or a processed-cloth fabric embedded in a special 
cement over all joints. 

Sackett’8 Wall-Board. This is a composite board of three layers of pure 
gypsum and four thin layers of wool-felt. The boards can be nailed to wooden 
studding or set flat against solid beams or planks, and can be cut with a saw. 
For plastering, the best results are obtained by applying first a brown coat of 
hard wall-plaster, 34 to ^ in thick, and when this is thoroughly set, finishing it 
with a thin coat of regular hard finish of lime-putty and plaster. Tests and 
investigations at the Underwriters’ Laboratories “ have shown Sackett Board, 
Perfection Brand, to be suitable as a base for fibered-gypsum plasters; and 
when attached to walls, ceilings, and partitions and coated with J4 in of plaster, 
possess fire-retarding properties considerably higher than those of wooden 
lath with gypsum or lime-and-cement plaster.” The Perfection Brand, 
Sackett’s Wall-Board, is % in thick, and is attached with No. 10J4» 
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flat-headed, %-barbed wire nails, 1 % in long, and spaced not more than 6 in 
at each support. Sackett’s Board is made by the United States Gypsum 
Company, Chicago, 111., and the Grand Rapids Plaster Company, Grand 
Rapids, Mich. 

Bestwall. Bestwall is primarily intended for use as an interior finish on 
side walls and ceilings in buildings of all classes. It may be used in all situa¬ 
tions where finishes of lath and plaster may be used, and in many situations 
where the latter finish is not adaptable. It consists of a single layer of fibered 
calcined gypsum, surfaced on each side with specially prepared water-proofed 
paper securely bonded to the surface. Bestwall is z /% in in thickness, and is 
furnished in stock sizes 47% in wide, and in lengths of 5, 6, 7, 8, 9, and 10 ft. 
The finished product presents a smooth, true surface, which is light cream in 
color on the face-side and gray on the reverse side. The edges are slightly 
beveled to provide for the filling of the joints, and are doubly reinforced. Its 
weight is approximately 1 850 lb per 1 000 sq ft. Interior finish composed of 
Bestwall is applied by nailing the Bestwall directly to the joists, studs, and 
furring, and filling the joints between the pieces of Bestwall with a specially 
prepared filler of the same composition as the core of the board. For the nail¬ 
ing, threepenny fine wire nails, spaced from 2 to 3 in at the edges and from 8 
to 12 in at the intermediate supports, are used. The filling consists of two 
operations: first, roughing in and then, troweling ou'*', to a smooth, true 
finish, flush with the surface. Bestwall is cut and fitted either with a saw or 
by scoring and breaking over a straight edge. The completed finish presents a 
smooth, true, continuous surface, without showing joints or nail-heads, and 
ready to receive, if desired, a decoration of paint, paper, tint, etc. This board 
is manufactured by the Bestwall Manufacturing Co., Chicago, Ill., and the 
Certain-teed Products Corporation, New York, N. Y. 

Cork-Board. Cork-board plaster base is furnished by the Armstrong 
Cork and Insulation Company, Lancaster, Pa., 1 in thick, 12 in wide and 32 
to 36 in long, for attaching to studs or wide faces of walls and ceilings as both 
an insulation and a lath for plastering. Tests of plaster bond on cork-board 
show that it can be satisfactorily finished with either gypsum or Portland- 
cement sanded plasters. The use of cork-board as a plaster base will add 
approximately 5 per cent to the cost of construction with ordinary plaster 
bases. 

Burson Partition. Fire-resistive partitions of plaster-board, on metal studs 
are constructed either of solid or hollow types. The Burson partitions are 
shown in Figs. 142 and 143. Both of these constructions were tested for the 
New York Bureau of Buildings in 1919 and are acceptable for use in fire-proof 
buildings. The maximum temperature of transmission through the HOLLOW 
partition was 175° F. and the temperature in the hollow space was 869° F. 
at the end of the 1-hour test. These constructions are controlled by the 
Dennos Products Co., Chicago, Ill. 

Simplex Partition. The Simplex Steel Products Co., Chicago, Ill., manu¬ 
factures hollow partition studs of pressed steel □ section, with punched prongs 
for securing the plaster boards, of the following sizes: 1 % in for partitions 
to finish 3 in thick; 2% in for 4-in partitions; 3 in for 4%-in partitions; 

in for 6-in partitions; and 6 in for 8-in partitions. The boards are secured 
by steel pins or nails as shown in Fig. 144, and the construction is rigid and 
yet readily salvaged or rebuilt. As shown in Table XXVI, the 3-in hollow 
or 2-in solid plaster-board partition has a 1-hour fire-resistive rating 
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The weight of the hollow plaster-board partition varies from 10 to 12 lb 
per sq ft of partition. 

American Clip-on System. The American Clip-On Corporation, Phila¬ 
delphia, Pa., has developed a system of lathing and plastering for tire- 
resistive floors * and partitions, using precast gypsum-block and plaster- 



Fig. 142. Two-inch Burson Solid Plaster-board Partition 


board units, standard furring channels and special clips and hangers. Fig. 
145 shows the clip-on devices used for attaching the plastering bases to the 
furring. These constructions are all installed by licensed contractors under 
the supervision of the company. 

Wood Stud Partition. The %-in plaster boards are attached to both sides 
of the studs spaced 16 in on centers by clip 301, shown in Fig. 145, and are 
secured to each other at all corner junctions with clip 103. The plaster 



boards are not nailed to wood studs or joists at any point to minimize any 
tendency to crack from unequal shrinkage or expansion. Standard clip-on 
plastering is applied % in thick on both sides of the partition. 

Solid Partitions. Standard %-in furring channels rigidly secured to floor 
and ceiling are spaced 16 in on centers and the J^-in plaster board, 16 in by 
48 in in area, is attached to one side of the studs with clip 101, Fig. 145, and 
to each other with clip 103. Before plastering, the carpenter secures the 
necessary wood nailing grounds directly to the metal studs with wires or clips. 
A bond coat of sanded gypsum plaster is applied on the channel side to cover 
the dips, and followed by scratch and brown coats of sanded gypsum on both 
sides with the usual hard-finish coat to a total thickness of 2 in. Solid par¬ 
titions of greater thicknesses are made with precast blocks between 1-in 

• See Clip-on Fire-Resistive Construction, Artide 7. See also Table XVI. 
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channels spaced 36^ in on centers, using clip 408 on the studs and clip 407 
between the blocks. These partition-blocks are 18 in by 36 in in size, finished 
with square edges. The plaster is applied Yl in thick on both faces of the 
block. 

Hollow Partitions. Hollow partitions, 3}£ to in in thickness, are 
erected on two rows of %-in hot-rolled channels spaced 16 in on centers. The 
16 in by 48 in plaster boards are secured to the outside of both rows of chan¬ 



nel studs with clip 103, Fig. 145, with adjacent boards held in alignment 
with clip 101 . At every sixth channel stud, a toggle tie clip 105 is intro¬ 
duced at every junction of three plaster boards. The boards are finished 
with a bond and finish coat 3^ in thick on both outside faces. 

Shaft-Construction. The most important partitions in a building are those 
inclosing interior shafts. Vertical openings through buildings form flues and 
cause up-drafts. In all buildings they should be inclosed for two reasons: 
first, to prevent a fire that would find a natural outlet in such openings from 
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spreading to other floors; and secondly, to prevent, as far as possible a fire 
from getting into these openings where the draft would greatly increase its 
fury. To be thoroughly effective the enclosure walls should be constructed 
of materials of not less than 3-hour fire-resistance. In the walls inclosing 
elevator-shafts no openings except those necessary for entrance-doors should 
be permitted. The doors should be of fire-resistive construction.* Glass 
lights are sometimes provided in such doors, although this is not good prac¬ 
tice; if they are used, wire-glass, only, should be used, in accordance with the 
limitations noted under fire-door construction. The architectural features 
of open grilles may still be retained for the fronts and doors of such elevators 
by using them in conjunction with approved wire-glass construction. In 
interior light-shafts and vent-shafts, openings must necessarily be provided, 
but here again the construction of the window-frames, sashes, and glazing 
should be as far as possible as described in Article 20. Whenever the occu¬ 
pancy of a building admits, the stairs, also, should be inclosed in fire-resistive 
partitions, with fire doors at the openings. Unless so inclosed, the stair¬ 



ways form flues for the flames, and the stairs themselves, consequently, are 
exposed to intense heat. Open shaft-walls should in all cases be carried 3 ft 
or more above the roof. 

14. Types and Properties of Metal Lath f 

General Classification of Lath. Numerous styles of metal lath have 
been placed on the market in recent years under various trade names, for 
which special advantages are claimed either in economy of plastering mate¬ 
rials, efficiency of use, or durability. In addition to those laths which are 
used primarily for plastering, there are other forms known as self-center¬ 
ing, which are applicable both as reinforcement and centering in concrete 
construction.} Plastering lath proper may be classified in the following 
types: (a) sheet; ( b ) expanded; (c) rib; ( d ) wire; and (<?) combination. 
Stucco lath, $ for use with Portland-cement mortars on exterior walls or for 
" Gunite, ” are either of expanded metal or wire fabric of heavier weight and 
larger mesh than ordinary plastering lath. All types of lath are furnished 
in various non-corrosive metals as well as plain or galvanized steel, such as 
copper-bearing, Armco ingot iron, and Toncan metal. When made of 

• See Fire-Doors, Article 20. 
t S. P. R. R3-28. 
t See Self-Centering, Article 9. 

} See Stucco Lath, Article 14. 
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ordinary steel or non-corrosive alloys, it should be at least painted with an 
asphaltum or other preservative paint, or be galvanized, to prevent initial 
corrosion until the protective coat of Portland or gypsum-cement mortar has 
been applied. No unprotected lath is manufactured for plastering use. 
For stucco work, galvanized lath with Portland-cement plastering should be 
used. 

The general function of metal lath is to serve as a plaster base, but in addi¬ 
tion it reinforces the plaster, distributes stresses and precludes the possibili¬ 
ties of cracking. The large size of the sheets with lapped joints between 
abutting units, when properly wired together, insures a monolithic construc¬ 
tion. . It also tends to eliminate streaking and staining when condensation 
of moisture occurs, because of the uniform distribution of the metal reinforce¬ 
ment. Owing to the large number of plaster keys resulting with a good metal 
lath, the damage of broken keys from vibration is more or less eliminated, 
and there is little or no pressure from swelling or shrinking of the base. In 
conjunction with gypsum plaster or Portland cement, metal-lath construc¬ 
tions have demonstrated their fire-resistive qualities both in tests and actual 
fires. Its superiority from the fire-protection point of view depends in large 


Cross Corrugations 


Fig. 146. Bostwick Truss-Loop Lath 

measure on its ability to hold the softened and calcined plasters and mortar9 
in place by mechanical bond, after the adhesive and strength properties of the 
plaster have been destroyed by fire. 

Typical laths and their characteristics are illustrated in the following 
paragraphs. 

(a) Sheet Metal Laths. Sheet laths in general are economical in plaster, 
which covers one side of the lath, latches through the perforations, but does 
not embed the metal completely. Their rigidity makes for ease and rapidity 
of erection. 

Bostwick Loop Lath, shown in Fig. 146, has a cross-ridged corrugation at 
right-angles to the rib structure and possesses considerable rigidity. As a 
plaster base it permits wider spacing of supports, and because of the multiple 
keys and bearing surfaces, the claim is made that the brown coat of plaster 
can be applied immediately over a moist base coat without removing the scaf¬ 
fold, resulting in economy of construction. It is manufactured by the Bost¬ 
wick Steel Company of Niles, Ohio, in sheets 24 in by 96 in, and weighs 4.5 
lb per sq yd, painted, and 5.5 lb per sq yd, galvanized. It is also used in self¬ 
centering * in top platform slabs on steel joists. 

Wheeling Arch Lath, shown in Fig. 147, is furnished painted or galvanized 
in plain steel or copper-alloyed steel by the Wheeling Corrugated Company 
of Wheeling, W. Va., in sheets 27 in by 96 in, weighing 4.5 lb per sq yd, and 
galvanized, 5.2 lb per sq yd. This lath can also be applied as self-centering. 

• See Self-Centering, Article 9. 
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Troff Kalmanlath, shown in Fig. 148, manufactured by the Kalman Steel 
Co. of Chicago, Ill., comes in the sizes and weights shown in the table. The 
shape of the ribs and rigidity of the lath are claimed to produce speed and 
ease in plastering. 



Weight 
per sq yd 
lb 

Size of 
sheet, 
in 

Steel painted black. 

4 5 

i— - - - — 

13 96 

24 X96 > 

Galvanized. 

5 5 

13,4X96 
24 X96 


Also furnished in copper bearing and commercial pure iron. 



Fig. 147. Wheeling Arch Lath Fig. 148. Troff Kalmanlath 


Shurebond Lath, shown in Fig. 149, is manufactured by the Goldsmith 
Metal Lath Co. of Cincinnati, Ohio, in J^-ft lengths up to 6 ft and foot 
lengths up to 12 ft, in widths of 2 ft exclusive of laps and in four different 
weights 0.625, 0.80, 0.95 and 1.25 lb per sq ft. The dovetail ribs, a dis¬ 
tinctive feature of this lath, are spaced 4 in on centers, with a flange on all 
sides providing for the lap of sheets. It can be formed into arches or cylinders 
with a minimum radius of bend of 3 in. In common with other sheet metal 
laths it can also be used in self-centering. 



Fig. 149. Shurebond Fig. 150. “Key” Expanded 

Metal Lath Metal Lath 

(b) Expanded Metal Lath is economical in weight and generally con¬ 
sidered superior for plastering when the mesh is formed to take the plaster 
freely, key it thoroughly, and provide a uniform distribution of metal rein¬ 
forcement throughout the area, wholly embedded in the plaster coat. Differ¬ 
ent methods are followed in the manufacture of the expanded sheets for which 
various advantages are claimed for the shape of the key produced and the 
cold-working effects resulting in increased strength of the metal. 

Key Expanded Lath, shown in Fig. 150, manufactured by the Genfire Steel 
Company, Youngstown, Ohio, is a general-purpose lath uniformly pliable in 
all directions, and is furnished in sheets 27 in by 96 in, in four weights, 2.2, 
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2 5, 3.0, and 3.4 lb per sq yd. It is furnished in two sizes of mesh, Standard 
Size Key and in a smaller mesh Keylok. The weights of the two meshes are 
the same, but the latter provides slightly more rigidity and cannot be CUPPED 
for self-furring purposes as the Standard Key lath. Similar diamond MESH 


laths are furnished by the 
Truscon Steel Co., Berger 
Mfg. Co., Youngstown 
Pressed Steel Co., Penn 
Metal Co., Northwestern 
Expanded Metal Co., and 
others. 

Sslf-Furring Key Lath is 



furnished by the manufac¬ 


turers of diamond mesh 
lath, to meet the demand 
for a flexible self-furring 
lath. The sheets are de¬ 
formed in various ways at 
regular intervals to form a 
cup or projection beyond 
the plane of the lath, as 
shown in Fig. 151. 

Cup Kalmanlath, shown 
in Fig. 152, manufactured 
by the Kalman Steel Com¬ 
pany of Chicago, Ill., is a 
specially deformed self- F ig. 151 . Self-furring Metal Lath 

furring lath furnished in 

sheets 18 in by 96 in and weights of 2.5 and 3.4 lb per sq yd. It insures a 
heavy coat of plastering with an excellent mechanical bond and is commonly 
used in the Middle West for stucco work. 

Besides the Key or diamond mesh lath, other flat expanded laths are manu¬ 
factured with small mesh and 




either flat or very shallow 
ribs not more than in in 
height, for which is made the 
claim of plaster saving with¬ 
out invalidating the efficiency 
of the protective coat. 

Herringbone Double-mesh 
Expanded Lath, manufac¬ 
tured by the Genfire Steel 
Co. of Youngstown, Ohio, is 
shown in Fig. 153. It is 
furnished in sheets 24 in by 96 
in and standard weights of 


Fig. 152. Cup Kalmanlath 2.75, 3.0 and 3.4 lb per sq yd. 

The longitudinal ribs lie at 
an angle to the plane of the sheet and the ribs are formed to make the 
lath self-furring. 


41 Plasta-Saver M Expanded Lath, shown in Fig. 154, manufactured by the 
Northwestern Expanded Metal Company of Chicago, Ill., has a flat rib in 
wide with a J^-in bead at the center connected by sections of small diamond 
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Fig. 155. Truscon “A” Expanded Lath 


type mesh and is designed to facilitate coverage. It is furnished in sheets 

OA. in Kir OA in <in(i urniortio t A. 
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Fig. 156. Y.P.S. Z-ribLath 
lath of universal application for one-side 


24 in by 96 in and weighs 3.4 
lb per sq yd. 

Truscon “ A ” Expanded 
Lath, shown in Fig. 155, is 
manufactured by the Truscon 
Steel Co. of Youngstown, 
Ohio, in 3 0 lb and 3.4 lb per 
sq yd sheets, 18 and 16j^j in 
wide, respectively, and 96 in 
long. 

Z-Rib Lath, shown in Fig. 
156, manufactured by the 
Youngstown Pressed Steel 
Co. of Warren, Ohio, is a 
interior plaster work and is 
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furnished in sheets 24 in wide by 96 in long and in weights of 2.75, 3.0 and 
3.4 lb per sq yd. 

(c) Rib Lath is usually formed with U-shaped ribs % in in height designed 
for use where added strength and rigidity are required, as on suspended ceil¬ 
ings. These laths are particularly adaptable for use as a base on ceilings 
under steel joist floors for spacing of joists up to 30 in. 

Diamond Rib Lath, shown in Fig. 157, manufactured by the Genfire Steel 
Co. in sheets 24 in by 96 in, has the ribs 4.8 in on centers but can be furnished 
in special lengths on mill order. It weighs 3.0, 3.4 and 4.0 lb per sq yd. 
A similar lath is furnished by the Truscon Steel Co., Northwestern Expanded 
Metal Co., U. S. Gypsum Co., and others. The Youngstown Pressed Steel 
Company’s Rib Lath employs sections or panels of herring-bone design 
between the ribs. The Berger Mfg Co. furnishes %-in V-shaped Rib Lath 
in lengths of 102 in in plain steel and Toncan Iron. 



Fig. 157. **Diamond Rib” Lath 



Fig. 158. “Trussit” Expanded Lath 


Trussit Expanded Lath, manufactured by the Genfire Steel Co., is a 
special form of lath adapted to fire-resistive walls and partitions of solid con¬ 
struction. It is uniformly expanded (see Fig. 158) in both directions so that 
it can be plastered equally on both sides. No studding is necessary. It is 
furnished in sheets 19 in wide and 8 to 12 ft long painted, and 8 ft long in the 
galvanized and Armco Iron sheets. The galvanized sheets weigh 0.68 and 
0.88 lb per sq ft, and the painted steel 0.57, 0.62 and 0.83 lb per sq ft. 

(d) Wire Lath for plastering is furnished in welded mesh, made of cold- 
drawn wire of No. 18 to 21 Washburn Moen gauge wire, either 2 or 2j^ 
meshes to the inch in stock grades and sizes. Other combinations of gauges 
and meshes can be secured on mill order. Where special rigidity is required 
for wide spacing of furring or studs, V-shaped stiffening ribs of No. 24 gauge 
steel are attached at intervals of 8 in to the wires by flat clips or are inter¬ 
woven in the mesh. V-stiffeners make the lath self-furring, enabling the 
lath to be applied directly to flat surfaces without furring bars. Rod stiff¬ 
eners or £i6 diameter may also be obtained on special order, bound 
to the lath by wire clips. (See Figs. 159 and 160.) For average construc¬ 
tion with 12-in furring, Nos. 18 or 19 gauge wire plain lath, or Nos. 20 or 
21 gauge stiffened-lath should be used. With supports on 16-in centers 
or more, stiffened wire lath should always be used. All end joints should be 
lapped at least 1 in, and side laps not less than }/2 in, and all transverse 
joints alternated so as not to be in one line. The lath should be ordered in 
the proper width to provide for laps, preferably located at furring or supports, 
and to eliminate waste and bulky laps. 
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Clinton Wire Lath is furnished either painted or galvanized-af ter-woven, 
in widths of 36 in, by the Wickwire Spencer Steel Co. of New York, and in 
Nos. 18, 19, 20, and 21 gauge wires, in rolls 150 ft long. 



Roebling Wire Lath is furnished by the New Jersey Wire Cloth Co., New 
York, N. Y., in widths up to 10 ft and in rolls 150 ft long. 



Fig. 160. Stiffened Wire Lath, Galvanized after Woven 


(•) Combination Lath is composed of either expanded metal or wire 
LATE combined with an integral backing of water-proof felt, heavy reinforced 
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paper or fibrous boards. The backing excludes moisture in the case of 
exterior stucco work, provides a back-stop for the plaster to assist in com¬ 
plete embedment of the lath, and with the proper selection of backing mate¬ 
rials serves as both a heat and sound insulation. The backing can also be 
furred out from the wall to provide for a fixed dead-air space between outer 
walls and their weather-proof covering. Combination lath can also be used 
as a self-centering and reinforcement for concrete and gypsum platform 
floor-construction. * 

Steeltex, shown in Fig. 161, is manufactured by the National Steel Fabric 
Company, Pittsburgh, Pa. Ribbed Steeltex for plastering consists of 



Front of Steeltex Sheet 



sheets in wide by 50 in long, with 2 in by 2 in No. 16 gauge mesh, cold- 
drawn, electric-welded, galvanized wire fabric, which is secured to a fibrous 
felt backing with 26 gauge V-shaped ribs on the reverse side. 

For stucco work, 14 gauge mesh is attached to a double layer of the 
fibrous backing, with a mastic filler between the felt sheets. It is furnished 
in rolls, 50 in wide and 108 ft long, or in sheets 50 in by 52 in. A similar 
material is furnished for water-proofing brick-faced walls. Steeltex for 
platform floor slabs, on spans up to 36 in, is supplied in rolls 4 ft wide, 
consisting of No. 12 gauge galvanized steel wires with a 3-in by 4-in mesh 


• See Structural Platform Slabs, Article 7. 
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secured to the water-proof backing in 



Fig. 162. “ Biflax” Lath 
shown in Fig. 163. The unit comes to 


the usual manner. In pouring the 
concrete fill, the lath sags suffi¬ 
ciently to embed the steel rein¬ 
forcement to a depth of in. 

Biflax, shown in Fig. 162, is 
manufactured by the Flax-Li-Num 
Insulating Co of St. Taul, Minn., 
in sheets 24 in by 48 in, as an 
insulated base for general interior 
plastering. It consists of a base 
of extra heavy Flax-Li-Num, 
or 1 in thick, applied to expanded 
metal lath with No. 18 gauge wire 
ties. A layer of water-proofing 
felt is attached between the lath 
and the Flax-Li-Num base. The 
metal lath extends 1 in beyond 
the insulation at one side and one 
end of the sheet, to allow the metal 
lath to overlap the tightly butted 
joints of the Flax-Li-Num insula¬ 
tion. 

Foster Floor Form. This is a 

form of COMBINATION LATH used 
for permanent centering and rein¬ 
forcement of concrete slabs on top 
flanges of light structural beams 
spaced 4 ft on centers. The form 
is a shop-made unit consisting of a 
Jg-in plaster board with 2-in square 
wood nailing-strips cemented to 
the board with minwax. Welded 
wire fabric of Nos. 10 and 12 wires 
with 4 in by 12 in mesh is secured 
to the nailing-strips and form as 
ie job ready for installation, and the 




Fig, 163. Foster Floor Form 


Concrete mixture is deposited in place. It is adaptable for light loads for 
residence and office occupancies. The plaster board serves also as a sound 
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Fig. 164. Herringbone Rigid Lath 


deadener and insulator between the floor-construction and the steel beams 
It is manufactured by the 
National Bridge Works, 

New York, N. Y. 

Stucco Laths. The larger 
mesh Expanded Metal 
laths, such as herring¬ 
bone RIGID METAL LATH 
manufactured by the Gen- 
fire Steel Co. in galvanized 
sheets 20j^ wide by 96 
in long, is a rigid lath 
adaptable for stucco work (sec Fig. 164), weighing 3.4 lb per yd. 

Red Top 1 ^-in-mesh expanded metal lath, controlled by the U. S. 



Fig. 165. Expanded Metal Lath for Stucco 



Fig. 166. Clinton Wire Cloth Stucco Lath 


Gypsum Co. (see Fig. 165), is furnished in weights of 4.5 and 6.18 lb per 
sq yd, black and galvanized, respectively. The sheet sizes are 24 in by 96 in. 

Clinton Wire Cloth, galvanized in 1% by 2 in mesh of No. 14 gauge 
wire in rolls of 24%-in width and 219 ft long (Fig. 166) and galvanized w- 
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angular mesh in 2 in by 4 in and 4 in by 4 in mesh, widths of sheet 36 and 48 

in and 150-ft rolls (Fig. 167) 
are also furnished for stucco 
plastering or “G unite” work. 


15. Sound Insulation * 
and Fire-Resistance 

Acoustical Treatments. 

Quieting or noise reduc¬ 
tion is an important con¬ 
sideration in modern multiple- 
dwellings, office-buildings, 
hotels, hospitals, music and 
broad-casting studios, and in 
buildings for many other oc¬ 
cupancies. Many materials 
and forms of treatment are 
available for application to walls, partitions, floors and ceilings which possess 
to varying degrees the property of sound absorption and reduction of 
reverberation and resonance, but the problem of fire-proofing is con¬ 
cerned only with the fire-resistive values of such methods of construction. 
Acoustical treatments involve the use of soft and porous materials such 
as organic felts and fibers (hair felt, wood fiber, asbestos, cane fiber, flax, 
etc., bonded together by cements or other means),' or inorganic plasters 
and tile of gypsum and cement plasters of a porous nature. The purpose 
of these treatments is to absorb sound at the source, and eliminate reflected 
sounds. Discretion must be exercised in the selection of such materials for 
use in fire-resistive construction to avoid the introduction of highly combusti¬ 
ble materials which when improperly installed will increase the fire hazard. 

Sound Insulation. The sound-insulating factors or efficiency of all types 
of partitions and floor-constructions to prevent the transmission of sound 
from one room to another have been investigated in various laboratories,t 
but the results from different sources are not entirely consistent, owing to the 
difference of equipment used, the sound-producing medium, the variations 
in the size of sound room, and other attendant conditions. The factors that 
have the greatest bearing on efficiency of sound insulation of the usual types 
of construction are: (1) The avoidance of cracks and crevices resulting from 
defective construction, or connecting air-passages such as ventilating ducts 
or other openings; (2) snug fitting of windows and doors and introduction of 
baffles or sound-absorbent materials in ducts, around pipes, etc.; (3) selec¬ 
tion of the most rigid type of construction to eliminate vibration of the 
structure as a whole; and (4) wherever possible, the insulation of one face 
of the construction from the opposite face, and of partitions from floors, to 
reduce direct conductance of sound. In the many investigations made in 
sound laboratories throughout the country, the general laws controlling sound 
insulation have been fairly well determined; sound transmission can be re¬ 
duced by using as massive construction as possible, or double construction 
with the two parts isolated; increased separation of the parts generally 

* See Architectural Acoustics, Chapter XXXV. 

t American Architect, July 4, 1923. Aug. S, 1926, Jan. 30, 1928; Armour Engineer, 
May, 1926; Bulletin No. 127, Univ. of Illinois; F. R. Watson, Acoustics of Buildings; 
Research Bulletin, Bell Telephone Laboratories, N. Y. C.; Paul E. Sabine, Measurement 
of Sound Absorbent Coefficients, etc. 



Fig. 167. Galvanized Triangular Mesh Stucco 
Lath 
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increases the insulation; a layer of absorbent material between the parts is 
effective if it does not bridge the gap; coarse cinder fills on floor-slabs make 
an effective deadening pad; hung ceilings on insulated hangers and floor¬ 
ing of wood, cork, rubber, asphaltic combinations, or similar cushioning 
materials, effectively deaden sound. The best sound-insulating construc¬ 
tion, according to tests of Mr. V. L. Chrysler at the U. S. Bureau of Stand¬ 
ards, consists of a structural center core, either hollow or solid, with a light 
facing unit on each side, preferably furred or so attached as to give as little 
direct connection between the two faces of the construction as possible. 

Comparison of Construction Types. At the average pitch of sounds pro¬ 
duced by speech or music, materials used in common building practice absorb 
sound to the degree shown in Table XXXI. The balance of the sound is 
reflected and therefore cannot be transmitted through the construction. It 


Table XXXI. Percentage of Total Sound Absorbed by Building 

Materials 


Material 

Per cent 

Hard plaster on metal lath 

2H 

Sand and lime plaster on wood lath 

3 

Plaster on hollow tile 

2 

Wood sheathing, unfinished... 

6 

Varnished wood .. 

3 

Common brick wall. 

3 

Common brick wall, painted . . 

IK 

Glass, single thickness 

2K 

Linoleum... . 

3 

Marble 

1 

Glazed tile. 

IK 

Concrete and stone . . . 

i H 


is this small percentage of the total sound which is involved in the problem 
of insulation. The tests on insulating values of assemblies must include a 
wide range of sound frequencies, and the particular assembly must be selected 
for the noise level corresponding to the predominating sounds in the particu¬ 
lar room. Table XXXII gives a measure of the amount of sound insulation 


Table XXXII. Loudness of Sounds* 


Kind of sound 

Sensation units 

High-pitch whistle. 

120 


Gunfire. 

110-100 


Noise in airplane. . 

90 


Noise in New York subway. . 

80 


Noise in stenographic room.... 

70 


Noise 34th St. and 6th Ave., New York City... . 

60 

‘ Range of 

Interior, railroad train. 

50 

conversa¬ 

Noisy office. . 

40 

tional 

Soft radio in apartment. 

40-30 

r speecli 

Quiet office. 

30 



To determine the intensity of sound transmitted through a building assembly, deduct 
from these values, the values of the construction gi\ en in Tables XXXIII and XXXIV. 

* Harvey Fletcher, Speech and Hearing. 















Table XXXm. Sound Reduction Factors—Partition Co 


1070 


Fire-Proofing of Buildings 


[Chap. 22 



• • From other sources and not directly comparable 

Where in su l ating sheathings and fillers are used, they should prefers hk be incombustible in fire-resistive construction. 



















Table XXXIV. Sound Reduction Factors—Floor Construction 
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should be substituted in insulating sheathings and ceilings. 
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required in terms of sensation units for different degrees and kinds of 
sound. 

Most constructions show a greater reduction factor for the higher frequen¬ 
cies of sound than for the lower. To make speech unintelligible through a 
partition, it must have a reduction factor of at least 40 sensation units, and 
to make it entirely inaudible, between 50 and 60 sensation units. The inten¬ 
sity of any sound as heard through a partition or floor-assembly would be 
measured by the difference between the original intensity of the sound and 
the reduction factor of the construction. The reduction factors in terms 
of sensation units given in Tables XXXIII and XXXIV have been assembled 
from tests of the U. S. Bureau of Standards.* In the solution of sound- 
absorption and insulation problems, it is generally customary to assume 
sounds with a frequency of 512 cycles as the average for speech and music, 
and 1 000 to 2 000 cycles as the range for office uses. Under conditions of 
average building use, however, very little actual difference can be distinguished 
between the sound-insulating properties of approved types of fire-resistive 
partitions. 


16. Wall Furring 

Furring for Outside Walls. The outside walls of fire-resistive buildings are 
generally finished on the inside by plastering applied directly to the masonry. 
When the walls are of brick, it is often desirable to fur them so that there 
will be an air-space between the plaster and the masonry to prevent the 
passage of moisture. This furring should be of incombustible materials, such 
as hollow brick, clay tile, or metal. Furring brick are made of brick-clay 
and of the same size as common bricks; but they are hollow. They are built 
up with the rest of the wall, on the inside face, and bonded into the wall by 
the usual header-courses. Structural clay furring tile is used for insu¬ 
lation against the weather and to produce architectural effects such as deep 
reveals, f It consists either of standard partition-tile or split-furring tile. 
Split furring consists of 3- or 4-in tile with 12 by 12 in face extended with 
deep scorings along the center line of webs and shells that lie normal to the 
wall face. When the tile reach the field they can be readily split into two 
separate units, or 2 in thick, as indicated in Fig. 168. The furring is 
supported or tied to the wall with metal tics. The face is grooved to give 
proper bond for the plastering. At recesses in the walls partition-blocks are 
substituted across the openings, making a continuous wall-surface. When 
using furring-tiles, the mason should be careful not to drop mortar into the 
hollow spaces. When walls are furred or lined with tile, “soft grade” tile 
should be built in wherever nailings are required for bases, picture-moldings, 
etc. 

Split furring cannot be built free-standing and must be anchored to the 
masonry wall by the use of spikes or heavy wire ties built into the mortar 
joints. A butter joint is used, and mortar should be omitted between ribs 
and wall. When furring more than 2 in in thickness is desired, it is more 
practical to use 3- or 4-in partition-tile. When the furring stands free of the 
main wall, it should be anchored at intervals by cross-walls of similar tiles. 
Fun mg around pipes or ducts is usually accomplished with 3-in partition-tile. 

* Scientific Paper Nos. 526 and 552, and Research Paper No. 48. 
t See Combination Walls, Article 12. 
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Metal Furring. To produce architectural forms in the interior decoration 
of fire-resistive buildings, metal pujrring and metal lath are now almost 
universally used. The furring is always of a false nature, and never employed 
to carry loads other than its own weight; so that the only requirement is that 
it shall be incombustible and furnish a satisfactory ground for attaching the 
metal lath. For coves, 
cornices, false beams, 
etc., the furring-mem¬ 
bers are made of light 
bars, angles, tees, or 
channels, attached to 
the walls by means of 
nails, staples, or toggle- 
bolts, and to the steel 
beams by means of 
bolts, hangers, clips, 
etc. The furring-pieces 
are bent or shaped to 
the approximate out¬ 
lines of the finished 
plaster-work, so that 
when the lathing is ap¬ 
plied it will require not 
more than 1 ]/i or 2 in 
of plaster to give the 
desired outline. For 
plane surfaces, the furr¬ 
ing should be brought 
to within % in of the 
plaster line. Deep 
beams, etc., should be 
braced by diagonal rods, 
to prevent distortion. 

All structural-steel 
members should always 
be fire-proofed back of 
the furring. The lath¬ 
ing is secured to the furr¬ 
ing by means of No. 18 
galvanized lacing-wire. 

The spacing of the furr¬ 
ing should be cither 12 
or 16 in, according to 
the kind of lath that is 
to be used. When chases 
in walls are covered 
over, the covering should 
be done with metal Fig. 168. Split Clay Furring TUe 

furring and lath. The 

casings for vertical pipe-lines, also, should be of this construction and the 
space about the pipes at the floor-level should be filled solidly with fire-resistive 
material, to cut off all connection between stories. 
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17. Fire-Resistive Floorings 

Untreated Wood. The floor surfaces of fire-resistive buildings are com¬ 
monly made of hardwood, but this should always be backed up solidly with 
incombustible materials. In the building code of New York City, the use 
of untreated wood flooring is limited to buildings not exceeding 150 ft in 
height. Special precautions must be taken to prevent free combustion and 
transmission of flame. This object is accomplished in the so-called “Cel- 
lized” hardwood flooring controlled by the Cellized Oak Flooring, Inc. f 
Memphis, Tenn. Special wood blocks are laid directly in contact with the 
fire-resistive floor-construction in a patented plastic cement, “ Everbond. ” It 
is claimed for this flooring that it is sound-deadening, and more resilient than 
the usual incombustible flooring materials, as well as being fire-resistive. 
This method of installing the flooring eliminates air-flues between the con¬ 
crete and wood and thus minimizes the possibility of combustion and trans¬ 
mission of fire. “Cellized” flooring is installed by licensed contractors in 
blocks of the following woods and dimensions: 


Oak, 

in 

thick 

Maple, 
l Me in 
thick 

Maple, 
1M« in 
thick 

Beech, 
1 M« in 
thick 

Walnut, 

in 

thick 

Philippine 

hardwood, 

1 Mb in 
thick 

Yellow 

pine, 

in 

thick 

Squares 

Inches 
6HX 6H 
7XX 7H 
9X9 

iohxioh 

llKXlltf 
12 X12 

Inches 

6 XX 6*A 
7HX 7 K 
8X8 
9X9 
9%X 9H 
10 xio 
ilKXHJ* 

12 X12 

13 X13 

Inches 
6^X6^ 
9 X9 

Inches 

6HX 

7 HX 7H 
9X9 
11MX11K 
12 X 12 

Inches 
6>AX 6H 
9X9 

I iches 
6HX 6H 
9X9 

11KX11* 

Inches 

9HX9H 





Rectangles 

6 X 12 
6XX13X 

6 X 12 
6^X13 
0HX13y 2 


6 X12 
6^X13^ 

6HXHH 

13 

13X13 


Fire-Retardant Wood. The use of wood impregnated with fire-resisting 
chemicals for flooring surfaces has not been generally applied in the United 
States outside of the City of New York. The characteristics of this material 
and its use in buildings are elsewhere treated in detail in this chapter. 41 

Cork Tile. Cork flooring is generally laid in tiles of several shades of 
brown and in various sizes, and ]/2 in in thickness. This material is not 
Incombustible but burns very slowly, and when laid in dose contact with the 
under-flooring does not freely support combustion. It is made from a select 
grade of deaned and screened cork-wood shavings, compressed in molds of 

* For properties, see Fire-Retardant Wood, Artide 5; also Fire-Retardant Wood Trim, 
Article 18. 
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the desired size and baked at a temperature of 600° F. By this process the 
natural wood resins are liquefied and serve to coat and bind the cork parti¬ 
cles together. The tile are laid in elastic cement directly on the smooth 
cement finish of concrete floors or on any thoroughly dry base of either wood 
or metal. The flooring is resilient, noiseless, non-slip, a low conductor of 
heat, and will not dust or crumble. 

Rubber Tile. Rubber flooring is manufactured in two styles, Inter¬ 
locking and Block Tiles. Interlocking Tile is in square and ^ in thick, 
and Block Tile is 6 in and 9 in square and in thick. The interlocking 
tile introduced by the New York Belting and Packing Co., is laid in alter¬ 
nate male and female tiles, in a range of colors adaptable to designs in har¬ 
mony with the interior decoration. Rubber tiling should be laid on a base 
course of cement mortar, troweled smooth and level and absolutely dry before 
the tile are laid. The interlocking tile are frequently installed without cement¬ 
ing to the base course, and it is claimed for this type that the interlocking 
feature assures permanence of installation without buckling or blistering of 
the flooring. The resilience of rubber minimizes wear from abrasion or fric¬ 
tion and cracking of the material; and expansion of the tile is taken up in 
the many interlocking joints. It is adaptable as flooring in office-buildings, 
hospitals, public buildings, schools and residences, and wherever a sanitary, 
durable and safe floor is required. Interlocking tile is especially useful where 
subject to vibration, or where exposed to dampness and to the weather. The 
first cost is considerably higher than cork and other resilient flooring-mate¬ 
rials, but it is one of the longest wearing floor-surfaces. Though combustible 
at high temperatures, the material does not readily ignite or transmit fire and is 
generally accepted as a fire-resistive finish flooring. 

Linoleum. The chief ingredient of linoleum is linseed oil, which is oxidized 
by exposing it to the air until it hardens into a tough, rubber-like substance 
and is then thoroughly mixed with powdered cork, wood flour, various gums 
and suitable color pigments. The resultant plastic mass is pressed on bur¬ 
lap. The “green” linoleum then passes into drying buildings, where it is 
cured and seasoned. Linoleum should be laid on dry, smooth floors. When 
cemented in direct contact with incombustible underflooring, ^-in linoleum 
will not freely support combustion. 

A PLASTIC linoleum manufactured and laid in place in plastic form 
consists of an asphaltum composition combined with asbestos fiber, silica 
sand, and mineral pigments. The materials are received in containers on 
the job and mixed with naphtha or gasoline as a solvent and troweled in place 
on the floor in several coats. Owing to the volatility of the solvents used, 
the surrounding air becomes charged with an explosive vapor during construc¬ 
tion and serious fires have resulted from the ignition of these vapors.* After 
the wearing surface has dried and cured thoroughly, the flooring, although 
combustible, does not offer a serious fire hazard if laid directly on the fire- 
resistive floor-assembly. Extreme care, however, must be taken during 
installation to eliminate the hazard of lighted matches and smoking. 

Cement Mortars and Granolithic. Cement mortar and granolithic wearing 
surfaces are applied to concrete floors either in a monolithic finish integral 
with the structural slab or as a bonded or separately applied finish after the 
structural slab has cured. The former method results in absolute assurance 
that the wearing surface will adhere to the base, but may result in damage to 
the finish before it has hardened sufficiently to withstand wear and injury 


Quarterly N. F. P. A., January, 1926. 
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from other causes. The bonded method requires careful and special prepa¬ 
ration of the base to insure a bond between structural slab and wearing sur¬ 
face. This latter method, properly executed, results in a better lloor. 

Cement and granolithic finishes are incombustible and add to the fire- 
resistance of the structure. Owing to hardness and greater heat-conductiv¬ 
ity, however, they have an unfavorable effect on the efficiency, comfort, and 
health of operatives in factory and mercantile buildings. They are also more 
noisy and less resilient than the wood flooring. Cement floors have been 
used for rooms and corridors in hotels when covered with carpets attached to 
inlaid fastenings. Granolithic floors have much more durable and wearing 
qualities than the ordinary cement-mortar finish troweled smooth. The 
latter are apt to dust badly unless treated with surface or integral chemical 
hardeners. 

Composition Floors. These are usually admixtures of magnesite, asbestos, 
fine sand and sawdust, mixed with linseed oil and binders of magnesium chlo¬ 
ride. They are spread over the entire floor in a plastic state in J^-in layers 
to a total thickness of to % in. The flooring hardens in 12 to 24 hours. 
The base coat contains coarse fibrous fillers which take up the inequalities 
in the foundation, while the top wearing coat is of a fine-grained texture 
giving a smooth finish. Properly laid, this type of flooring is as durable 
as cement, without its hardness; it is clastic, wears well, withstands water 
and acids, and is incombustible. The dry materials are shipped to the job 
with pigments incorporated in the mix, in red, white, yellow, brown, gray, 
black, blue, and green colors. The flooring can be laid on bases of wood, 
stone, concrete, asphalt, cement, or metals. It cannot be installed directly 
over gypsum plasters, gypsum concretes, or over bricks, terra-cotta blocks, 
or concrete containing lime or lime compounds in the materials or joints. 
In this case, a water-proof membrane or felt must be first laid with a wire 
mesh reinforcement secured thereto as a foundation for the magnesite. In 
any case, provision must be made for expansion and contraction by marking 
off the finish coat in squares, rectangles or sections of suitable size and at 
junction with walls and partitions. 

Zenitherm,* precast magnesite composition blocks consisting of a combina¬ 
tion of wood fiber and calcined magnesium oxide, are made by the Zenitherm 
Company, Kearney, N. J., to be laid over concrete or wood under-flooring. 
The blocks or tiles are furnished in standard sizes and make a fire-resistive 
and sanitary floor-surface which is not affected by climatic conditions. 

Asphalt Mastic. This flooring is composed of selected asphalts, rubbers 
and gums, inert mineral fillers, and non-fading mineral and chemical pig¬ 
ments. It is resilient, non-absorbent, non-slip and fire-resistive, and can be 
installed over wood or cement sub-flooring. When used over wood a special 
cushion coat with expanded metal lath is necessary. It is laid in a plastic 
form, and after setting can be brought to a polish by waxing; it is usually 
about */2 in thick. 

Asphalt mastic floor-tiles are similar to asphalt mastic flooring, except that 
they are precast. They are laid on a dry base of either wood, cement or 
composition. The advantage of the tiles is that any number can easily be 
replaced in damaged floors without unsightly patching. 

Cement, Clay and Slate Tile.f For public corridors, banks, lobbies, and 
toilet rooms, encaustic, vitreous, ceramic and quarry tiles and slates are 

* See Zenitherm, Article 18. 
t See Condensed List of Clay Tiles, Table XXXVI. 
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frequently used. Cement tiles have also been introduced to a limited extent. 
These materials are all incombustible and fire-resisting but are cold and try¬ 
ing to the comfort of occupants and operatives. 

Mr. A. B. MacMillan, Chief Engineer of the Aberthaw Company, Boston, 
Mass., makes the following comparison of the life and cost of various common 
types of flooring found in factory and mercantile buildings.* * * § (See Table 
XXXV.) 


18. Interior Finish and Trim 

Fire Hazard. That combustible trim in an otherwise fire-resistive 
structure adds fuel to the flames and therefore increases the Are hazard is not 
generally recognized in the design of buildings. The New York Building 
Code stands alone in this requirement that above the 150-ft height limit, the 
flooring is required to be of incombustible material, the interior finish includ¬ 
ing doors, door-jambs, window-frames, sashes, bases, and all other interior 
trim must be constructed of “ metal or wood covered with metal, or of fire¬ 
proofed wood, or of any incombustible materials or any combination of 
materials that will show a fire-resistance not less than that of a fire-proofed 
wood.” The same materials that are accepted for the top flooring can be 
used for the interior finish also.f This requirement of the building code of 
New York City is supplemented by the provisions of the New York State 
Labor Law that in all fire-proof factory buildings (which include all new 
factory buildings over four stories in height) all trim, interior finish and par¬ 
titions, if not constructed “fire-proof,” must be of incombustible materials. 
Certain exceptions to these requirements of the New York Code have grad¬ 
ually developed in practice. Wearing surfaces of cork, linoleum and similar 
materials, in or less in thickness, when firmly cemented to the fire-resistive 
floor-construction are generally permitted in places other than public halls 
and stair enclosures. It is also generally permitted to install free standing 
moldings with a cross-sectional area of 2 sq in or less, and in thick veneers 
secured to incombustible cores of ordinary wood-construction. In fire¬ 
proof partitions, door-bucks of wood are also allowed when backed up solidly 
and covered on all exposed sides with metal or other incombustible materials. 
In the burn-out tests conducted at the U. S. Bureau of Standards, Wash¬ 
ington, D. C., + the amount of combustible finish entering into the construc¬ 
tion proved a factor in the intensity of fire measured by the time-temperature 
period. 

The New York Fire Insurance Exchange allows a reduction of 5% on the 
insurance building rate when all interior trim is incombustible. 

Fire-Retardant Wood Trim. § There are several companies in the United 
States engaged in the commercial processing of wood to render it fire-resistive, 
employing different chemicals in the treatment but following the same gen¬ 
eral procedure for impregnating the wood structure. Among these com¬ 
panies are: Queens Lumber Fireproofing and Transforming Co., 1350 Broad* 
way, New York City; Batavia and New York Wood Working Co., Batavia, 
N. Y.; Hardwood Products Corporation, Neenah, Wis.; Firesafe Process Co., 
3821 Sherman Street, L.I. C., New York City; Tennessee Firesafe Lumber Co., 
Knoxville, Tenn.; Henry Klein & Co., 40 West 23rd Street, New York City; 

• Factory Floor Surfaces, Aberthaw Company, Boston, Mass, 

t See Fire-Resistive Floorings, Article 17. 

t See Severity of Building Fires, Article 1. 

§ See Fire Retardant Wood, Article 5. 
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Protexol Corporation, Kenilworth, N. J.; Sloane and Moller, Inc., 316 East 
65th Street, New York City; Geo. H. Storm & Co., Park Avenue and 
135th Street, New York City. As the material is not subject to check by 
external visual examination and no field tests have yet been developed to 
determine the uniformity and efficiency of the treatment, it is necessary to 
re 9 ort to field sampling and laboratory check tests. This involves considerable 
effort, time and expense in controlling the proper use of this material in prac¬ 
tice, and has sometimes resulted in the use of unreliable material. As now 
controlled in New York City, every shipment to the job is subject to test 
on field samples before it is incorporated in the building structure. Among 
the recent buildings in which fire-retardant wood has been used for interior 
trim are the following: Albany Main Telephone Building, Albany, N» Y.; 
Fogg Art Museum, Cambridge, Mass.; Museum of Natural History, New 
York City; New Jersey Public Service Offices, Newark, N. J.; Orpheum 
Theatre, Boston, Mass.; and Holstein-Friesian Association Building, Brattle- 
boro, Vt. 

Metal-Covered Trim.* Among the first attempts in the United States 
to fire-retard the interior trim of buildings were those made in New York 
City, about the year 1880, in the form of metal-covered woodwork by the 
firm of Campbell & Bantossell of that city. The metal-covered wood indus¬ 
try has now developed a product for the interior trim of buildings which 
possesses all of the requirements necessary for architectural and decorative 
treatment. By this process the metal envelope is drawn on to a thoroughly 
kiln-dried, sound core of white pine, chestnut or oak, through steel dies, 
producing a profile of sharp angles and arrises, free from waves and buckles. 
All manufacturers maintain a representative line of standard moldings, but 
dies can be secured for special details. It is more economical, however, to 
use moldings from standard dies. The metals generally used are long terne 
plate; galvanized iron; furniture steel; Armco ingot iron or kalamein iron 
of 18 to 26 gauge; copper of 16 to 32 oz weight; or bronze of 16 to 24 gauge. 
The required weight of metal is dependent upon the severity of usage to 
which the doors or other trim will be subjected. Where the duty is likely 
to be heavy, 24 gauge steel or wrought-iron sheets should be used. The 
term Kalamein is commonly applied in the trade to all metal-covered wood¬ 
work to distinguish it from hollow metal constructions, whereas the true appli¬ 
cation is to a special form of galvanized iron. Door opening sizes and dimen¬ 
sions of stiles and rails are established by the Simplified Practice Recommen¬ 
dations of the Bureau of Standards, of Washington, D. C.f Panels are 
usually made of three-ply laminated pine or of incombustible materials 
such as asbestos sheets. For bronze doors, the jambs and trim are either 
bronze-covered or extruded bronze, stiles and rails are covered with No. 16 
gauge bronze sheets, and panel and glass moldings are usually extruded 
sheets; where edge pieces and moldings are used they should lap the door on 
both sides. Standard thicknesses of doors are 1% and in. Dpors 
must be designed not to warp or twist under temperature stresses, by gluing 
the strips in stiles and rails with reversed grain, and introducing mortise, 
tenon and box-wedged joints where necessary. Metal-covered doors are 
sometimes made with continuous sheets of metal on both sides, without 
scams or joints and with the recessed panels formed by presses. Panel and 
moldings can be made an integral part of stiles and rails. In one type of 

* See Kidder’s Building Construction and Superintendence, Part II by the lata 
Professor Thomas Nolan. 

t S. P. R., No. 83-28. 
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door t the metal sheets of the two sides are made to overlap in a depression 
on the edges of the door * and axe secured in place by screws. Metal-covered 
trim can be painted in any color or grained to match natural hardwoods. 
Copper and bronze-covered trim is furnished in antique, statuary bronze or 
any other suitable finish. Among examples of recent installations are: 
Bridgeport City Trust Co., Bridgeport, Conn.; Y.M.C.A., Springfield, 
Mass.; and N. Y. Central Office Building, New York City. Metal-covered- 
trim is accepted as an incombustible material under most building code 
specifications, it cannot be considered as possessing a high degree of fixe 
resistance especially in members of small dimensions. 

Hollow Metal Trim. This type of construction when expertly carried 
out results in details for interior work which are efficient in fire-resistance 
and attractive in appearance. The details of construction lend theraselvea 
to economical installation in the building, with a minimum of labor costs, 
and possibilities of elaborate design in a variety of attractive finishes. Many 
of the outstanding buildings of recent times are equipped with hollow metal 
doors, frames, sashes, trim of corridors, hallways, stair and elevator enclos¬ 
ures, and interior office-partitions. Because of the non-absorbent character 
of the bakcd-enamcl finish, it is readily cleaned and sanitary, especially if 
elaborate moldings are omitted and panels are made simply as smooth depres¬ 
sions. Among modern buildings fitted with hollow metal trim are the fol¬ 
lowing: Philadelphia Free Public Library, Philadelphia, Fa.; Federal Reserve 
Bank, New York City, David Stott Building, Detroit, Mich.; Board o£ 
Trade Building, Chicago, Ill.: Empire State Building, New York City; and 
Fidelity Trust Building, Philadelphia, Pa 

The cold-drawn process by which the cold metal is drawn through special 
dies to give it the desired shape, retaining the bright smooth finish, is now 
generally employed in manufacturing frames, trim and moldings. A large 
number of metal dies are maintained for stock designs of panel and stop mold¬ 
ings, door and window-casings, wainscoting and chair-rails, and miscellaneous 
trim of all kinds. The corners and angles are sharp and true, and the pieces 
possess greater strength and rigidity than hot-rolled metal of greater thick¬ 
ness. All joints are accurately fitted, assembled by either electric or gas 
welding, and are carefully dressed and finished. The steel doors are generally 
finished with baked enamel, but they frequently are shipped to the jbb with 
a priming coat of red lead or other metal paint, to be finished by the paitititog 
contractor. Besides hot and cold-rolled strip steel, galvanized steel and ingot 
iron, brass, bronze, copper and aluminum, monel metal, and chrome stain¬ 
less steels are employed in the manufacture of hollow metal trim, window-sash, 
frames and doors. Hollow metal doors of stainless steel with etched panels 
in any desired pattern and colored backgrounds of plastic enamel have 
recently been introduced for highly decorative treatments, f The finish is 
claimed to be fire-proof, weather-proof and water-proof. Hollow metal win¬ 
dow-frames and sash of steel, wrought iron, cast and drawn bronze are also* 
used in those parts of buildings where exposure to fire may not- be serious 
enough to warrant labeled devices or where a more pleasing appearance i& 
required than that resulting from protective devices such as hinged or rolling 
fire-shutters. They are glazed with plate glass, wire glass, prism glass, etc. 

The following weights of metal are commonly used in the manufacture of 
hollow steel trim. The work for bronze doors is executed similarly to steel; 
doors, except that the material is generally two gauges heavier, 

* Thorp Fire Proof Door Co., Minneapolis, Mihn. 

t United Metal Product* Co., Canton, Ohio. 
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Doors. Stiles and rails of No. 18 gauge; panels and cold-drawn panel 
mouldings of No. 20 gauge, interlocking with concealed metal fasteners, 
screwed on with special oval-headed screws, or riveted in place. Panels are 
usually formed of two sheets of No. 18 gauge with an incombustible filler of 
asbestos board to reduce heat-transmission, with an over-all thickness oi 
or % in. The rails and stiles are filled with cork or asbestos filler to elimi¬ 
nate metallic sound. Doors are furnished in standard size and designs in 
accordance with Simplified Practice Recommendations of the U. S. Depart¬ 
ment of Commerce.* 

Frames. Nos. 10, 12, 14, 16 or 18 gauge. Frames lighter than No. 14 
gauge should be installed with structural-steel bucks or pressed hollow-steel 
bucks of Nos. 10,12 or 14 gauge steel, welded at the corners, and provided with 
anchors and clip angles for securing to walls and fastening to floor. Frames 
are mitered or coped and welded at the corners. Doors and frames are pre¬ 
pared and reinforced for all hardware selected in advance of the trim manu¬ 
facture. 

Trim Members. Either pressed into the frame, or made of No. 20 gauge 
cold-drawn shapes applied to the casings by concealed fastenings. 

Hardware. Templates must be furnished to the door and trim manufac¬ 
ture for the proper provision of reinforcing plates and diaphragms. 

Transom Bars. Nos. 10, 12, 14, 16 or 18 gauge, with plain, paneled or 
molded faces, welded or attached together by concealed screws. 

Window Trim. Jamb lining, mullions, casing and aprons of No. 18 gauge; 
and stools of No. 16 gauge. 

Trim Moldings. Chair-rails, staff, scribe, picture and wire moldings, oi 
cold-drawn shapes of No. 20 gauge, accurately fitted and secured by con. 
cealed screws, or welded and dressed. 

Partitions. Of adjustable, knock-down sectional type of No. 18 gauge, 
with filled or plain panels. 

Cement Trim. Precast concrete stone set in Portland-cement mortar 
is used for finish and trim on both interiors and exteriors. The surface finish 
can either be plain, surfaced or cut in a variety of ways, depending upon the 
nature of the building and the type of architecture. The appearance of the 
cast stone depends largely upon the selection of the aggregates and the min¬ 
eral colors added, and is manufactured to imitate any natural stone. Many 
reliable manufacturers are engaged in producing this product, and the results 
secured in a properly manufactured stone are both attractive and lasting. 
Where subjected to the weather, the joints should be calked and filled with 
cement-mortar grout. Finishes of Portland cement and marble or other 
stone chips, furnished in the precast form for floors, wainscot and molding 
details require a minimum of 2 in for the finish from the rough on concrete 
or other masonry bases, and 3 in from the rough on frame construction. 

Colored Portland-Cement Mortars are furnished in ready dry-mixtures, 
requiring only the addition of water, to be applied as stucco-work directly 
to masonry surfaces or on metal lath, and are used to some extent as interior 
finishes, manufactured in place. Interior finishes, to reproduce artificially 
marble, travertine, or any other synthetic stone, are also accomplished by 
skilled craftsmen with admixtures of cement and lime or gypsum. 

Keene's Cement has been used for many years for running base moldings, 
door and window trim, and in many European buildings practically all of the 
•S. P R., No. 82-28. 
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interior finish is of this material. Moldings can be run with sharp angles, 
and the surface is sufficiently hard to withstand ordinary usage. The cement 
finish can be painted as desired. 

Clay Tile, (a) Architectural Tile for interior finish of walls as well as 
flooring,* is a burned-clay product made in various plain and decorated forms 
and sizes, of natural burned colors and enamel finishes. Table XXXVI f gives 
the range of shapes, colors and sizes and their uses. All these products are 
manufactured to minimum grade specifications in accordance with the Sim¬ 
plified Practice Recommendations of the Department of Commerce. J Fifty- 
six standard forms of complementary angles, corners and stops have been 
adopted by the trade to care for every normal trimmer requirement, and the 
use of these standards will insure economy and prompt delivery. Archi¬ 
tectural-tile interiors are probably the most expensive interior finishes 
available, but are also adapted to the most elaborate as well as the most orig¬ 
inal treatments. 

(b) Structural or Hollow Clay Tile as a combination structural tile with 
a decorative finish, is also furnished by several manufacturers for use where 
the economy of a combined structural wall with an attractive finish is desired. 
They are adapted to interior bearing and non-bearing walls and partitions 
as well as exterior walls, and are furnished with the finish on one or both faces. 
The Clay Products Co., Inc., of Brazil, Indiana, make several varieties of 
these tile under trade names of “ Ar-ke-tex,” “Insul-glaze,” “Caen- 
tile.” They are manufactured of a common base of vitrified fire-clay with 
textured, salt-glazed, stippled or mottled finish. They are furnished in cream, 
buffs, grays, cream whites and mottled brown. Besides the sanitary finish, 
with permanence of color, the tiles possess structural strength and are adapt¬ 
able to use in public or commercial buildings, in corridors, laboratories, etc. 

“Vitritile” are made by the National Fireproofing Corporation, Pitts¬ 
burgh, Pa., by applying successive coats of glaze material to the fire-clay base, 
which gives a silica glaze to the tile when burned. A variety of colors is 
secured by adding powdered calcined colors to the glaze before burning. 
Glazed “Tkx-tile ” is also produced by the same company with the exterior 
scratched or combed-face and a smooth glazed sanitary interior face. “Natco 
face tile ” with either smooth or tf.x finish is especially adapted to panel 
or curtain walls between piers or columns for factories, warehouses, and farm- 
buildings. The tile are also furnished in special forms for jambs and lintels. 
This company also burns a double-siiell face tile, adding to the strength 
and stability of the wall. In this construction all mortar joints are non-con- 
tinuous, and the multiple air-cells reduce heat-transmission through the walls. 
The construction is economical in that each unit in the wall is equivalent to 
six ordinary bricks. The exterior surface is finished to resemble tapestry 
brick. 

The Kraftile Company, Niles, Alameda County, California, manufacture 
two forms of structural tile with a glazed face. “ Kraft-enamel” hollow 
tile is manufactured true to size and free from warps, cracks and checks, with 
a colored enamel finish produced by a one-fire monolithic method. The body 
of the tile and the enamel face arc fired in one continuous burning, fusing 
both together. Either plain or decorative effects are produced. “K*af- 
tile faience M consists of a body of plastic high-temperature fire-day molded 
when wet, with spedal enamel glaze of a wide range of colors and shades 

* See Cement, Clay and Slate Tile, Artide 17. 

t Associated Tile Manufacturers. 

X S. P. R. R61-30. 
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applied and burned by the monolithic method. It is available in a large 
number of stock designs for wainscoting, bases, borders, panels and inserts. 
“Mosaic kraftile ” is a special decorative type with a groove outlined 
around the design* the groove may be painted after erection to produce a 
mosaic effect. 

Glass Tile. Structural glass tiles are furnished in a variety of colors and 
textures for trim and wainscot in lobbies, hallways and places of assembly. 
They consist of opaque and highly polished vitreous slabs made by fusing 
feldspar, china clay, sand and other minerals at high temperatures, subse¬ 
quently tempering them in annealing ovens to relieve internal stresses. 
Glass tile is non-porous, non-absorbent, impervious to moisture, stainproof, 
sanitary and easy to keep clean. It has a high compressive value, fairly 
high tensile strength and high resistance to abrasion,* but it will not stand 
sudden changes of temperature. To offset this defect, it can be obtained 
with wire reinforcement. It is produced in a variety of pure and combination- 
flashed colors for base, door, window and border trim and large panel wain- 
scotting. 

Proprietary Forms. The “Pyrono Process” is a mechanical method 
of fireproofing wood cores used in the manufacture of interior trim. Cores 
of non-resinous wood are covered with long-fiber asbestos sheathing, mechan¬ 
ically bonded and indented into the wood under pressure. Doors and 
panels are made flush with or without inlays, and recessed.* The process 
is controlled by the Compound and Pyrono Door Company of St. Joseph, 
Mich. Standard designs of casings and trim are manufactured, conforming 
generally with standard millwork products, but these can also be adapted 
to special architectural details. The special features of “Pyrono” trim are 
natural wood facings, weight not more than unprocessed wood, and the 
installation handled as regular millwork by carpenters. Typical installations 
of this material have been made in the Metropolitan Life Insurance Annex, 
New York City; Massachusetts General Hospital, Boston, Mass.; Cadillac 
Motor Co., Engineering Building, Detroit, Michigan; Civic Opera House, 
Chicago, HI. 

44 Heirloom ” Panel, manufactured by the Housing Company of Boston 
Mass., was developed to meet the requirements for a fire-resisting trim and 
still retain the desired features of antique wood paneling. It consists of a 
mineral core of %-in thick plaster board with a wood veneer bonded on both 
sides. The back surface is protected with a special water-proof paint. It 
does not warp, shrink, swell or crack. To determine its incombustibility, 
tests conducted for the New York Bureau of Buildings showed a very low 
transmission of heat and very little tendency to support combustion. The 
panels are delivered ready for installation, either in large sections or batten- 
type construction, and either finished or unfinished in any kind of wood 
veneer, smooth and antique hand-planed surface, plain or knotty wood. 
The outer surface of the panel is thick enough to be molded. 

44 Magnesite/’ f an admixture of wood and asbestos fiber and other aggre¬ 
gates with calcined magnesium oxide and magnesium chloride, has been 
employed for both plastic laid-in-place flooring and trim and in precast 
board or tile form. The material is colored with mineral pigments and gen¬ 
erally retains its surface and appearance under severe conditions of service. 
It is both incombustible and fire-resistive in that it will not crack or disin- 

* See Fire-Doors, Article 20. 

f See Composition Floors, Article 17, 
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tcgrate under a temperature of 1 700° F. It is also low in cost. Special care, 
however, must be taken in the installation of the plastic forms to provide 
proper foundation and to guard against expansion and contraction. It can 
be laid on a base of wood, cement, concrete or steel, but will not bond to 
cinder or wet concrete, lime compositions or any form of gypsum. If laid on 
such foundations, plastic magnesite compositions must be installed with a 
membrane waterproofing and lath reinforcement properly secured to the sub- 
floor. 

tl Zenitherm,” a precast tile or board made by the Zenitherm Company, 
Inc., Kearny, N. J, is a combination of selected wood fiber with the mag¬ 
nesium oxide treated with a weather-proof binder and subjected to hydraulic 
pressure in steel molds. It is furnished in fifteen standard sizes of sheets, 
varying in widths from to I7j^ in and lengths of 5 ]/i to 47)^ in, and in 
standard moldings and solid corner-pieces to eliminate edge-mitering and 
joining. It is made in twenty-one colors and shades produced by pigments, 
pressed in perfect detail so that no surfacing or finishing are required. Pos¬ 
sessing many of the physical characteristics of wood, it can be sawed, drilled, 
planed, nailed, screwed, or glued, and veneered with hardwoods; or in nat¬ 
ural finish it can be marie to imitate stone and marble without having the 
coldness of stone. Tests made for the New York Bureau of Buildings in 
1920 developed a compressive strength of over 1 000 lb per sq in, a tensile 
strength of 325 lb per sq in, and a bending strength of 772 lb per sq in. It 
has low absorption, and withstands frost, moisture and other climatic con¬ 
ditions without warping, shrinking, swelling or checking. Specimens sub¬ 
jected to twenty repetitions of the “Standard” freezing tests for day-brick 
showed a 13%% loss in weight. Two partitions were subjected to the New 
York Standard two-hour fire-test, including the application of water through 
a lj^-in nozzle at 30 lb pressure. One partition consisted of a single plate 
of 1-in Zenitherm board nailed to wood studs 24 in on centers; the second 
partition, of double construction with a plate on each side of the studs. The 
temperature on the exterior of the single plate partition increased from 80° F. 
to 300° F. at the end of one hour, and no flame or fire was transmitted 
through either partition throughout the test. In heat-insulation, 1-in boards 
of this material nailed on wood studs compare favorably with solid or hollow 
fire-proof block construction. The material is highly fire-resistive, pos¬ 
sesses a low coefficient of thermal conductivity, and is, furthermore, a good 
sound-insulator. It can be used for both interior and exterior walls and is 
furnished in thicknesses from in for wall material and stair treads up to 
in for flooring-material. It is of moderate cost, being comparable to 
wood-construction, and it can be erected by any competent carpenter. On 
masonry-construction, the material can be erected on wood furring strips 
secured with expansion or toggle bolts about 18 in on centers; or toe-nailed 
with fourpenny nails to a J^-in minimum brown coat of plaster floated to an 
even finish. Typical installations of Zenitherm are found in the following 
buildings: Michaelangelo School, Boston, Mass.; Fordham University 
Chapel, New York City; Capitol City Bank, Madison, Wis.; Philadelphia 
Hospital, Philadelphia, Pa.; Shoreham Hotel, Washington, D. C. 

19* Stair Construction 

Stairs. In a majority of fire-resistive buildings the architects have 
contented themselves with putting in incombustible stairs of iron, with 
perhaps slate or marble treads. As pointed out in the first pages of this 
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chapter, unprotected iron cannot be considered fire-resisting, but it is difficult 
to protect the ironwork of a stairway, as it is usually built, and at the same 
time preserve an ornamental effect. If exposed metal construction is to be 
used, slate and marble treads and platforms should be supported underneath. 
When subjected to heat, marble and date crack and fall away, leaving the 
stairs impassable. A fire-department captain in New York City lost his 
life through the collapse of a marble platform. Such materials should 
always have a subtread of iron or concrete beneath them. It is possible 
and practicable to build stairs of clay tiles, bricks, or reinforced concrete, 
that are fire-resisting to a high degree. The stairs in the Pension Building 
at Washington, D. C., are built of brick, with the exception of the treads, 
which are slate; and in many of the earlier government buildings the stairs 
fire of stone. Stones suitable for stairs, however, are not as resistant as cast 
iron to heat. Part I of Building Construction and Superintendence * con¬ 
tains descriptions and illustrations of brick stuirs. The Guastavino Company 
has built several staircases according to its system of construction, using 
flat day tile embedded in cement. No iron-work whatever is used in this 
construction; hence it is eminently fire-resistive. Reinforced concrete, with 
date or marble treads, is a good material for the construction of stairs, and 
permits of very elaborate and complicated construction. The details and 
design of reinforced concrete stairs are covered in Chapter XXIII. 


20. Opening Protectives 

Basic Requirements. Openings in interior partitions and division walls 
of a building and in the exterior enclosure walls must be protected as effi¬ 
ciently as practicable to prevent the spread of fire into and through the 
structure. The desired objectives are the protection of property and the 
safeguarding of life. Owing to practical structural difficulties, standard 
opening protectives now generally accepted as approved devices for these 
purposes offer less fire-resistance than the wall or partition-assemblies of 
which they form a part. Regulations and standards for the construction 
of these devices are the development of experience secured under actual 
fire conditions and in performance tests of such assemblies under controlled 
fire conditions, and are based on the ability of the device to prevent the trans¬ 
mission of flame, to reduce the transmission of heat by conduction and radia¬ 
tion below temperatures of ignition for combustible contents, to stop the 
passage of smoke from the fire to the protected area, and to remain in position 
as an effective barrier against fire for the desired period of protection. The 
device also must be of sufficient structural strength to withstand the impact 
of blows from falling bodies and to resist the distortion caused by settlement, 
expansion and other temperature changes in the wall-assembly. Where 
protection of life is an important function, the ability of the protective to 
retard the passage of smoke and heat for periods sufficient to permit the 
escape of occupants through enclosed stairways and other egress facilities 
should be one of the criteria for acceptance. 

Fire-Doors. The Underwriters’ Laboratories and the Factory Mutual 
Laboratories classify and label doors and shutters for the situation or location 
of the opening to be protected as: Class A for openings in fire-walls, installed 
on both sides of the wall and generally regarded as together providing a 
3-hour rating. Class B for openings in continuous vertical enclosures such 

• By Frank E. Kidder, rewritten by the late Professor Thomas Nolan. 
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as elevator and vent-shafts, with a single door at each opening, but requiring 
the failure of two such plrofcectives before the fire can spread to adjoining 
areas or fire sections, and generally regarded as providing a lj^-hour rating. 
Class C for openings in subdividing rooms and corridor partitions and 
interior subdivisions, and generally regarded as possessing a to 1-hour 
rating. Class D and Class E protectives for openings in exterior walls, 
capable of resisting fires of moderate and light exposure and generally re¬ 
garded as possessing a fire-retardant rating of not more than hour.* 

In this connection, it should be noted that municipal building codes in 
general specify a 1-hour rating for opening protectives in fire-partitions and 
vertical enclosures and a double 1-hour door, one on each side of the open¬ 
ing, in fire-walls. The building code of New York City t specifies a 1-hour 
fire-test for doors and fire-windows which has never been applied in prac¬ 
tice, nor would the devices generally accepted for protectives in such openings 
meet the requirements of this test. In fact the New York test specified for 
fire-doors is more severe than the test for fire-proof partitions. 

Detail specifications for the construction of fire-doors, shutters and other 
opening protectives are contained in the Regulations of the National Board 
of Fire Underwriters, effective Oct. IS, 1030. In class A and class B pro¬ 
tectives, wire-glass panels are prohibited; class C devices may be furnished 
with panels of standard wire glass, with an exposed area of no individual glass 
light in excess of 1206 sq in. Wire-glass panels are prohibited in class D 
protectives, but are permitted up to an area of 720 sq in in class E devices 
with a maximum height of pane of 54 in. The door-frames, mounting, hard¬ 
ware and other accessories should be selected for suitability wfith the partic¬ 
ular opening protective to be used. These accessories are also subject to 
approval of the insurance authorities having jurisdiction and are generally 
furnished with separate label service by the Underwriters* Laboratories; 
except that for sliding doors on passenger-elevator enclosures, the label 
applies to both door and frame, and on class A swinging, hollow-metal doors 
for fire-wall situations, the label on a door applies to both door and hardware. 

General Types of Doors. Fire-doors and shutters are either of the hori¬ 
zontal or vertical sliding, swinging or rolling type. Sliding doors can be 
mounted most effectively against the wall-assembly to prevent the spread 
of fire but are not adapted to service in exit facilities. Swinging doors are 
best adapted to the protection of openings in exit enclosures and can readily be 
made either self-closing or automatic and should generally be hung to open 
in the direction of travel. The self-closing door, normally held in the 
closed position, is generally preferable as an exit protective. Rolling doqrs 
either of metal or processed metal are less likely to be rendered inoperative 
by obstructions but are not adapted to serve as exit doors or to furnish much 
insulation against the transmission of heat. Automatic devices actuated by 
rise of temperature are available to provide quick operation for closing doors 
normally held open where rapid spread of fire is likely or where serious danger 
to life may exist. { Where the spread of fire through openings protected by 

• The fire-retardant ratings here quoted are not definite determinations Under usual 
standard test procedure, but the ability of the device to serve efficiently In the respective 
situations is a matter of experience and judgment. No standard test procedure has been 
adopted for the control of fire-tests of opening protectives, and many of tV devices now 
in general use are either deficient in heat-insulating properties or are structurally defective, 
or pass flame or smoke at early periods of fire exposure, when measured by the criteria 
applied in the fire-testing of materials. 

11015 draft. 

X See Automatic Releasing Devices and Systems, Article 22. 
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automatic doors is not likely to be very rapid or to seriously endanger life, 
automatic doors are generally operated by fusible link closing-devices. 

Fire-doors are also classified by construction as: tin-clad, plate steel, 
SHEET METAL, ROLLING STEEL, METAL-COVERED and HOLLOW METAL types. 

Tin>Clad Doors. Standard tin-clad fire-doors and shutters are made with 
either 3-ply class A or 2-ply class B wood cores and depend for their effec¬ 
tiveness on their construction. The core, being entirely combustible, when 
exposed to fire will char and flame and generate sufficient gas frequently to 
bulge the tin envelope and even rupture the joints, causing the transmission 
of flame and smoke at early periods to the protected areas. To vent the 
generated gases in case of fire, 3-in holes should be provided in doors up to 
50 sq ft in area, and 4-in holes for larger doors. The doors must be completely 
tinned before mounting, with lock-jointed seams and hardware bolted through 
the door. They are substantial of construction, and fairly resistive to the 
action of hose-streams, but they are likely to generate and transmit consid¬ 
erable smoke and a moderate amount of flame. They are also likely to deteri¬ 
orate rapidly and are difficult to maintain. Normally equipped with a heavy 
type of hardware and somewhat difficult to operate, they arc designed pri¬ 
marily for use in factory buildings and warehouses. Fire-shutters for exterior 
openings are also manufactured in this way.* The detail construction and 
accessory hardware should conform with the specifications of the National 
Board of Fire Underwriters. 

Plate-Steel Doors. For a satisfactory fire-door, the construction should 
be of not less than No. 12 gauge plate reinforced with a structural steel angle 
frame not less than lj^ by by in. They are made and installed either 
to swing on hinges or slide on tracks, or are counterbalanced to slide ver¬ 
tically in two panels one above the other for elevator enclosures, or in a flexi¬ 
ble form to roll on a shaft. Plate-steel doors are durable if protected against 
corrosion, but are mounted with heavy hardware and are difficult to operate 
and are not intended for use in exit enclosures. They are substantial in con¬ 
struction, resist the action of hose-streams very well but are subject to a high 
degree of heat-transmission and to warping and distortion under heat. 

Standard rolling steel fire-doors are labeled for use in the protection of 
openings not more than 80 sq ft in area, with neither width nor height exceed¬ 
ing 12 ft, for interior fire-walls and elevator-shafts; nor more than 100 sq ft 
for exposure openings in exterior walls. Their operation is either: ( a ) Self¬ 
dosing, push-up and pull-down type; ( b ) by chain and sprocket; (r) by hand- 
crank and gear; (d) by electric-motor lifting and lowering mechanisms. 
Labeled doors are furnished with an automatic closing mechanism actuated 
by temperature rise in case of fire. When motor-operated, they are also 
designed to close automatically under the action of heat, generally at a tem¬ 
perature of 150° F. 

Rolling steel fire-doors are constructed of a series of interlocking steel plates 
or slats forming a flexible curtain, retained in flame-tight guides at the-sides 
and flame-stopped hoods at the top enclosing a rolling shaft, controlled by 
springs to counterbalance the door at any point in its travel. They are especi¬ 
ally adapted to large exterior openings in warehouses and mill buildings and 
for loading-platforms, railroad entrances, garages and ramps; they occupy 
little room and provide a full 100 per cent opening, and are “ normally open ” 
or “ normally closed ” as demanded by the conditions of operation. Doors 
for larger openings than the labeling-size limits can be constructed and 
secured with a certificate of inspection and approval from the Underwriters’ 
* See Tin-Clad Shutters, Article 20. 



Art. 20] 


Opening Protectives 


1001 


Laboratories. Rolling steel fire-doors or shutters normally held open in 
service, and closed only in case of necessity, are counterweighted and held 
open by fusible links or other approved devices, so that they will close auto¬ 
matically in case of fire. Large outside doors are equipped with wind-locks 
to prevent the curtain from blowing out of the guides. The installation 
involves special details for correct operation, and the manufacturer should be 
consulted in the design of all new openings in a building for which this type 
of protection is desired. Cold-rolled open-hearth or copper-bearing steel is 
usually employed in rolling-door construction of No. 16 gauge for fire-walls, 
No. 20 gauge for elevator-enclosures, and 18 to 22 gauge for exterior openings, 
and is also finished electro-plated with a coat of pure zinc. Where subjected 
to severe weather exposure, they can be obtained with special patented, non- 
corrodible curtain bottoms, as on the Cornell Rolling Doors. Some other 
distinctive features of the Cornell Door are: Wide slats to give rigidity; oil¬ 
less graphite bushings in the shaft bearings; and floating or self-alignment 
bearings on the main shaft-bracket. Rolling Steel Doors are manufactured 
by the following companies: Cornell Iron Works, Long Island City, N. Y.; 
Geo. W. Johnson Mfg. Co., Kansas City, Mo.; Kinnear Mfg. Co. Columbus, 
Ohio; R. C. Mahon Co., Detroit, Mich.; J. G. Wilson Corp., Norfolk, Va. 

Sheet-Metal Doors. These doors may be secured of two thicknesses of 
No. 24 gauge steel, plain or corrugated, interlined with a fre-resistive core of 
asbestos roll board or similar lire-retardants, with a continuous rigid steel 
frame, and one usually provided with reinforcing angles and members similar 
to hollow steel doors for the attachment of hardware. In this type of door, 
provision should be made for expansion and contraction to prevent distortion 
of the frame; when properly constructed, they are less liable to deterioration 
under general conditions of service in mill and factory buildings than the tin- 
dad wood door, to which they are comparable in cost.* 

Metal-Covered Doors.f Wooden core doors covered with kalamein iron 
or other metals described under interior trim % are used as opening protec¬ 
tives where general appearance is a consideration. Hardware can be of the 
mortised, concealed type, but cores and envelope must be of substantial con¬ 
struction to withstand heavy usage. Latch-bolts or unit locks must have 
throw of not less than % in on doors to exit facilities. They are furnished 
for classks B, C, D and E situations, with framed wooden cores, covered 
with sheet metal of 16 to 26 gauge thickness, with stiles and rails at least 
lj^ in in thickness and with depressed or flush panels. Recessed panels of 
this type of door are frequently filled with an incombustible core of asbestos 
board or similar material, and the moldings and trim are secured by either 
welded, nailed or screw joints and fastenings. Metal-covered doors resist 
fire-streams very well, with a fairly high degree of resistance to transmission 
of heat. The combustible cores, however, generate gases at low temperatures, 
and at early stages of fire arc likely to emit both smoke and flames to the pro¬ 
tected area. Careful consideration therefore should be given to the selection 
of these doors where human occupancy is high or the life hazard is a serious 
factor. The doors are subject to rapid deterioration under adverse condi¬ 
tions of service. 

Hollow Metal Doors. § Fire-doors of hollow metal construction are the 
highest type of labeled opening protective available where appearance is a 

* Merchant and Evans Co., Philadelphia, Fa. 

f S.P.R. 83-28. 

X See Metal-Covered Trim, Article 18. 

$ S.P.R. 82-28. 
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factor. They are substantial in construction, practical under all conditions 
of service and permit the use of concealed hardware. Both frames and doors 
are usually fabricated by welding, and must be reinforced when manufactured 
with inferior plates and diaphragms for the hardware and accessories with 
which the door is to be mounted. Class A doors are provided with insulated 
stiles and rails at least 1% in thick, and insulatod panels at least J {g in thick; 
and glass B doors, in and in, respectively. The weight of metal 
should be selected for the severity of duty to which the doors will be subjected 
in service; it generally consists of No. 13 gauge for stiles, rails, panels and 
casings. Nos. 10 to 16 gauge for frames and No. 20 gauge for moldings. 

Proprietary Forms. In addition to the standard types of fire-doors and 
trim heretofore covered, several types of patented door-constructions involv¬ 
ing the use of processed wood and gypsum have been developed which adapt 
themselves to individual designs and details for specific architectural effects 
to harmonize with the features of interior finishes and treatments. 

Flaimpruf Door.* The fire-door patented and manufactured by the 
Henry Klein & Co. of New York City is constructed of a “Flaimpruf” 
hardwood core, 1% in thick, with treated plywood cross-bands on each side 
approximately in thick and a %o-\n untreated veneer of any desired 
hardwood. The hardwood core is made of strips secured together and to 
the rails with special glue and joints. By actual time-temperature test- 
performance, conducted for the New York Bureaus of Buildings, the 2-in 
“Flaimpruf” door has demonstrated that it will perform the functions of 
a complete barrier against communication of fire from one area to another 
and a safeguard for the protection of human life for a period of one hour 
without the passage of smoke or flame during that period and with a maxi¬ 
mum temperature rise at the end of one hour of less than 200° F. on the side 
of the door opposite the fire exposure. Doors of greater thicknesses can 
be made to withstand corresponding longer periods of exposure. The metal- 
covered or “kalamine door” with which the “Flaimpruf” door is compara¬ 
tive in cost under actual time-temperature performance-tests will evict 
smoke in less than 12 minutes and gas flames in less than 15 minutes, 
and the temperature on the unexposed side of the door will reach 500° F. 
In 20 minutes and 1 000° F, in one-half hour.f The veneer surface on the 
** Flaimpruf” door can he treated with inlaid designs of various textured and 
colored woods and finished to harmonize with any decorative scheme. The 
doors are handled as any other millwork, the hardware being applied and the 
doors hung by carpenters. Doors of this type have recently been installed 
in the Williamsburgh Savings Bank Building, New York City. 

Pyrono Door. (Fig. 160.) Another processed wood treatment used for interior 
trim has been successfully applied to the manufacture of “Pyrono” fire-re¬ 
sistive doors. The wood core is covered with a fire-resistive sheathing of as¬ 
bestos which is pressed and Indented into the wood by heavy pressure. It is 

• See Firt*Hetardant Wood, Aftielt 3. 

f Although the labeled door may be considered as havihg failed in test after less than 
fifteen minutes as a protection against life hazard and safeguard against communication 
of fir© to adjoining areas, it should be noted that after the combustible core has burned 
out completely, the door subsequently behaves better and eventually may withstand the 
attfon bf a hoSe-streanA Which is usually included in standard test-procedure. The 2-in 
“Flaimpruf” door after 1 hour 5 minutes to 1 hour 10 minutes fire exposure is practically 
burned out. Throughout the 1-hour period, however, it is a perfect safeguard for the 
protection of life in buildings of human occupancy and a barrier against the spread of 
flames. 
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claimed that the sheathing excludes oxygen to prevent support of flame and 
at the same time permits the escape of gases generated by high temperature 
under fire exposure. The processed core is covered with veneers of untreated 
cabinet woods, which in gluing are brought into contact with the cote through 
the indents. “Pyrono doors” are made in flush or recessed panels in accord¬ 
ance with any design or details of architectural treatment, with moldings ahd 
stops to conform. Under extreme temperatures, the doors do not warp or 
twist, and time-temperature performance tests at the Underwriters’ Labora¬ 
tory for a period of 42 minutes indicated that the l?C-in door for this period 
possesses a fire-resistive rating equal to a two-ply tin-clad door. Doors of 
this type have been installed in the Cunard Building in New York City and 
the Federal Reserve Bank Building in Chicago. This door is also manu¬ 
factured with a thin sheathing of sheet metal under the veneers for which 
construction greater fire-resistance is claimed. 



{tab Bart phn tfcre «t Qtart 1 Section a* Panel Seotkm at 
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Fig. 169. Py-Ro-No Doors 

Openings in Exterior Walls. The efficient protection of exterior openings 
in buildings is an important factor in preventing the spread of fire and in 
safeguarding life at times of fire and is largely determined by the proximity 
and use of surrounding structures. Statistics indicate that approximately 
15% of fires have their origin in communication from exposure, but fre¬ 
quently such fires are of extreme severity resulting in large property and life 
losses. An excellent illustration of the communication of fire through 
exterior exposure is found in the Chicago Fire of March 15, 1922, involv¬ 
ing the 15-story fire-resistive Burlington Building.* This fire swept 
through a group of nine buildings, in a congested part of a manufacturing 
district, mostly of the ordinary or mill constructed type, except, for the 
Burlington Building, spreading from one structure to the other by the aid of 
a high wind prevailing at the time. After the fire had beta in progress 
for approximately one-half hour, the wood window-frames on an unprotected 
side of the Burlington Building were ignited by sparks blowing' across an 

• Quarterly N F.P. A., July, 1922. 
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80-ft street, and eventually the wood flooring, doors, trim and combustible 
contents were in flames on all floors above the eighth. The fire was appar¬ 
ently confined to each floor area and burned there without vertical com¬ 
munication until the wire glass in the metal frames on the opposite side of 
the building facing a narrow court fused and melted out of the sash from the 
intense heat, permitting the flames to communicate upward through openings 
from floor to floor. The upper seven floors of the building were completely 
burned out, but no serious damage was done to structural supports. 

The factors controlling the proper design of these protective devices arc: (a) 
horizontal distances between buildings; ( b ) height above roof of adjoining 
buildings; (r) character of construction of surrounding buildings; ( d ) occu¬ 
pancy and combustible hazard of contents. Five general types of protective 
devices are in use for exterior opening protectives: tin-clad shutters; solid 
steel and slieet-mctal shutters; rolling steel shutters; fire-windows glazed 
with wire glass; and water curtains. The construction of these devices and 
their mounting and hardware should comply with the Regulations of the 
National Board of Fire Underwriters, and the Inspection Department of the 
Associated Factory Mutual Fire Insurance Companies.* In these rules the 
classification is not based on a definite time-temperature performance under 
fire-test conditions, but on the general suitability of the device for the situa¬ 
tion for which it is designed. 

Tin-Clad Shutters. The effectiveness of shutters on window openings is 
dependent on fallible human agency; when closed the standard tin-clad 
shutter gives excellent protection. It is subject, however, to the same dis¬ 
advantages cited against tin-clad doors.f “In a very severe fire, in Lynn. 
Mass., in which the heat was intense enough to melt most of the tin from 
the outside of the tinned plates covering the shutters, it was found afterward 
that the wood was charred to a depth of only about in. The shutters 
were warped slightly, but afforded sufficient protection against the heat to 
allow men to remain behind them to put out such fire as occasionally crept: 
through. This would not have been possible behind iron shutters under 
similar conditions.” J 

Solid Steel and Sheet-Metal Shutters. Steel-plate shutters are usually 
made of No. 14 gauge sheet iron or steel reinforced with frames of 1% in by 
in angle iron with cross-bars and rails, and should either lap the opening 
1}^ to 2 in or fit closely within the masonry reveal. They are of the 
earliest types of window-protectives, but under the action of fire, they 
warp and distort and transmit a high degree of heat. They are not depend¬ 
able under severe fire conditions and cost more than the tin-clad shutter. 
Sheet-metal shutters are also made of corrugated No. 22 gauge galvanized 
steel corrugations running horizontally on the outside, an inner plate with 
vertical corrugation and a sheet of 12-lb asbestos filler. § A pin projects 
through the shutter to permit opening from the outside. This device is of 
general local application in the vicinity where manufactured, and furnishes 
a high degree of protection. All metal shutters should be kept thoroughly 
protected against corrosion by a good quality of red lead or other metal 
paint. Shutters adjoining fire-escapes and above adjoining buildings should 
be operated from both inside and outside, as should also at least one shutter 

* Regulations for the Protection of Openings, Oct. 15, 1930, National Board of Fire 
Underwriters. 

t See Tin-Clad Doors, Article 20. 

i Insurance Engineering, December, 1902. 

| Saino Mfg. Co., Memphis, Tenn. 
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in every three from the second to the seventh story, for means of access by 
the Fire Department. 

Rolling Steel Shutters. This type of protective is better adapted to installa¬ 
tion on the inside of an opening than the swinging type of shutter. For this 
reason, it is not subject to as much corrosion or deterioration and is generally 
more accessible and more likely to be closed. The rolling shutter is also 
better adapted to automatic operation. It should be installed to allow a 
100% opening, overlapping the brick at sides and top; and the hood should 
be placed above the top of the window so that the bottom of the curtain will 
be entirely above or flush with the top of the masonry opening. For exterior 
exposure openings, rolling steel shutters are limited to an area of 100 sq ft 
and are usually constructed of 18 to 22 gauge metal. 

Fire-Windows. The general modern acceptance of exterior opening pro¬ 
tective is the J^-in wire-glass window in metal sash and frames, arranged 
either for manual or automatic operation. The wire-glass may be either 
clear polished, ribbed, figured or rough type, and the assembly lends itself to 
architectural effects and pleasing appearance, which generally preclude the 
use of shutters entirely. The Labeled fire-window as now constructed 
in solid steel, combination, or hollow metal sash gives greater assurance 
of fire protection at the opening because it is more likely to be closed at night, 
more readily closed when required, does not conceal an interior fire, and 
when necessary is more readily opened than the fire-shutter. Up to the 
melting-point of glass, it forms a satisfactory barrier against the spread of 
flames, hot gases and smoke. The disadvantages of the wire-glass fire- 
window consist in its high transmission of radiant heat to combustible con¬ 
tents and its susceptibility to injury from falling walls and other objects. 
The performance of wire-glass windows is especially effective when supple¬ 
mented by open sprinklers.* The area of wire glass between supports is 
limited by Underwriters’ requirements to 720 sq in in area, 54 in maximum 
vertical to 48 in maximum horizontal dimensions for Class E openings of 
moderate fire exj)osure; and to 2916 sq in exposed area and 54 in maximum 
dimension in either direction for Class F openings of light fire exposure, 
except where noted for specific types of sash. The local underwriters' inspec¬ 
tion bureaus have jurisdiction over the classification as to light or moderate 
fire exposure, and their ruling must be secured before manufacture of the 
window. The rules of the National Board of Fire Underwriters give com¬ 
plete regulations for the glazing and installation of fire windows. 

(a) Metftl-Covered S&sh.f Metal-covered windows are manufactured to 
conform to special requirements for all classes of buildings. They are incom¬ 
bustible rather than fire-resistive, and are used where the exposure hazard 
does not require full protection and where there is a prohibition against the 
use of wood trim in buildings over a limiting height. Their efficiency as a 
substandard protection was demonstrated in the Kohl Building of the San 
Francisco Conflagration, 1906. $ They are usually made of No. 26 gauge 
galvanized steel or copper-bearing steel, 16 to 32 oz, copper, or 16 to 24 
gauge bronze or kalamein iron drawn on to the wood core through steel dies 
for the sash and trim. 

(b) Solid-Steel Sash. Solid-steel sash is manufactured in standard sizes 
under simplified practice recommendations,! and all architectural designs 

* See Water Curtains, Article 20. 

f See Metal-Covered Trim, Article 18. 

t Fire Prevention and Fire Protection, Freitag. 

* S. P. R. No. 72-30. 
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should incorporate standardized materials only of the recommended opening 
sizes and ventilator requirements. It is furnished in Standard Weight and 
Heavy Type. This sash is desirable in factories, lofts and wherever large 
window surfaces giving maximum light are required. The Underwriters’ 
Laboratories approve and provide labels for Horizontally Pivoted, Commer¬ 
cial Projected, ajtid Architectural Projected as well as Heavy Type Case- 
ments» except inwardly projecting and bottom-pivoted units. Glass sizes 
must not exceeed in general 350 sq in in area, and window units are limited 
to 7 ft in width by 12 ft in height. There is no limitation on over-all width of 
opening provided the muflions and window units conform to Underwriters’ 
requirements. The operators can be either manually or automatically con¬ 
trolled. Not more than two pivoted ventilators are permitted in any win¬ 
dow unit, and the closing chains must contain fusible links or a special approval 
secured for stay-bar operation from the local inspection bureau. The 
National Board of Fire Underwriters require all glass to be held in place with 
glazing angles or molding on inside glazed windows, and by wire or angle 
dips or wedges on outside glazed windows. The Factory M^utuals approve 
dip and putty glazing, and this method passes practically all city and state 
industrial codes. Special Underwriters’ Hardware, such as stop lugs on the 
pivoted ventilator, limit the opening so that gravity will insure automatic 
dosing, and interlocks are provided to hold the ventilator closed. The oper¬ 
ating hardware must be malleable iron or steel; bronze hardware is not per¬ 
missible. In addition, solid-steel sash is furnished in balanced window, 
austral TYPE, and continuous sash. All these types of window can also 
be secured in bronze. Continuous windows, however, cannot be labeled, and 
labeled bronze windows are limited in size below the maximum for steel. A 
solid section metal window-sash has been placed on the market made of 
genuine wrought iron conforming to the specifications A84-30, Grade C, of 
the American Sodety for Testing Materials.* 

Heavy-type casement windows, as manufactured by the David Lupton’s 
Sons Co., with exposed area of individual glass lights of 565 sq in, are also 
labeled by the Underwriters, with a maximum height of pane of 54 in and 
width of 48 in. Single side-hinge casements are limited to 3 ft in width and 
7 ft in height; stationary windows to 5 ft by 9 ft in either dimension; and 
double casements to 5 ft in width by 7 ft in height. Assemblies of various 
types of windows in this sash are limited to 9 ft in width and 9 ft in height. 
This company also furnishes automatic-closing projected out-at-bottom ven¬ 
tilators in heavy casement sections. The Detroit Steel Products Co. make 
a light-section casement, limited to 5 ft in width and 6 ft 6 in in height; which 
can be labeled. 

The principal companies furnishing Solid-Steel Window Sash are: William 
Bagley Co., Springfield; Ohio; Detroit Steel Products Co., Detroit, Mich.; 
Federal Steel Sash Co„ Waukesha, Wis.; Lupton’s Sons’ Co., Philadelphia, 
Pa.; J. S, Thorn Co., Philadelphia, Pa.; Truscon Steel Co., Youngstown, 
Ohio; United States Metal Products Co., San Francisco, Calif. 

Hollow metal-plate steel. (Combination) sash is furnished in Double- 
Hung and Counterbalanced Windows and is limited to a maximum size of 
6 ft m width and 10 ft in height for the Underwriters’ label with a maximum 
area of any one light of 720 sq in. Sash are manufactured by Campbell Metal 
Window Corp., Baltimore, Md.; Kawneer Co., Niles, Mich.; Lupton’s Sons’ 
Co., Philadelphia, Pa.; S. H. Pomeroy Cq„ New York, N. Y.; Truscon Steel 


Mesker Bros. Iron Co, St. Louis, Mo. 
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Co., Youngstown, Ohio; Voightmann Metal Window Corp., Kalamazoo, 
Mich.; Voightmann & Co., Chicago, Ill. 

(c) Hollow Metal Sash.* Tests of hollow metal sash show that the 
device, when properly installed and equipped, results in details which are 
very efficient in resisting fire, and it makes an exceptionally good appearance. 
This sash is commonly used in the best examples of fire-resistive construc¬ 
tion. Hollow Metal Sash is generally manufactured of sheet steel, hot gal¬ 
vanized steel, copper-bearing steel, ingot or genuine wrought iron of No. 18 
gauge for jamb linings, mulllons, casings and aprons, and No. 16 gauge for 
stools. It is now also furnished in aluminum and Special rust-resisting steels. 
Bronze work is similarly executed but usually of two gauges heavier than steel. 
All scams and joints are accurately fitted, mitered, welded and dressed with 
stock designs of stop moldings and casings; and the sash are made to be 
weathertight and practicable in all respects. The sash is especially prepared 
for glazing with wire glass, the glass moldings being fitted and secured 
with invisible fastenings or oval-headed screws. Two thicknesses of wire 
glass have been used with a ventilated air-space of approximately one 
inch between the lights. The heat-transfer through a double pane is less 
than one-half that through a single pane. Labeled windows are provided 
in Stationary, Double-hung, Pivoted Sash, and combinations of all these 
types, and are subject to the following size limitations. In Single and Double 
Sash, other than casehient, up to 5 ft wide by 5 ft high and 5 ft by 10 ft, 
respectively; Multiple Sliding Sash when specially reinforced is standard for 
openings up to 6 ft by 10 ft; Single Casements are limited to 3% ft by 10 ft. 
Individual glass lights are controlled as to maximum permissible size by the 
character of the groove sections used by the individual manufacturer but 
never to exceed 720 sq in in area. Non-bearing sheet-metal mullions are also 
furnished with label service for use with hollow metal and combination 
hollow metal and plate-steel and solid-section sash for unlimited widths 
and wall openings not exceeding 12 ft in height. 

Among manufacturers furnishing Hollow Metal Window Sash are: Chap¬ 
man Metal Products Co., Inc., New York City; Mesker Bros. Iron Co., St. 
Louis, Mo.; S. II. Pomeroy Co., New York City; J. S. Thorn Co , Philadel¬ 
phia, Pa.; United States Metal Products Co. of the Pacific Coast, San Fran¬ 
cisco, Cal.; Voightmann & Co., Kalamazoo, Mich.; Western Steel Products, 
Ltd., Winnipeg, Can. 

Water Curtains, The outside open-sprinkler exposure protection 
or water-curtain system properly installed with ample water-supply and suit¬ 
able arrangements for periodic testing has demonstrated its value in many 
exposure fires such as the Fall River, Mass., fire of Feb. 2, 1928, in -which the 
old Herald Building, Globe and Telephone Buildings were involved.! The 
outside window sprinklers saved these structures. This device has been 
universally successful either alone or in combination with other pretectives. 
The development of open sprinkler systems for the protection of buildings 
against exposure fires was practically concurrent with that of automatic 
sprinkler systems for protection against fires inside of buildings. J The orig¬ 
inal form consisted of lines of pipes with open heads (ordinary sprinklers 
with the automatic struts removed) extended along cornices or eaves of 
buildings or peaks of sloping roofs, especially of frame buildings. Opening 
of the system would spread a thin sheet of water over the roofs and down the 

* See Hollow Metal Trim, Article t8. 

t Report, National Board of Fire Underwriters, 60 Batterymareh St., Boston, Mass. 

t See Automatic Sprinkler Systems, Article 22. 
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walls. Subsequently special types of open sprinklers were designed to pro¬ 
tect all window openings. In the modern system, an open sprinkler at the 
top of each window, or window unit in continuous sash, covers the entire area 
of the opening with a copious sheet of water. Until recently, these systems 
have been controlled manually by inside valves in the building and have been 
independent of the inside automatic sprinkler-system and sources of water- 
supply. In 1930, the National Fire Protection Association recommended 
acceptance of outside open-sprinkler systems connected to the inside system 
of automatic sprinklers when water-supplies arc adequate. Thermostatic 
devices are now in process of development to actuate these systems auto¬ 
matically with exterior temperature rises. 

21 . Fire-Resistive Furniture and Equipment 

Reduction of Fire Hazard. In a building of fire-resistive construction, 
the fuel that a fire can feed on consists of the trim, furnishings, fixtures and 
combustible contents. In office-buildings, banks, libraries and public build¬ 
ings, the fixtures, books and file stocks arc frequently the only combustibles. 
If the furniture and fixtures are made of materials that will not support com¬ 
bustion, fire cannot spread and damage will be reduced. 

Metal Furniture and Fittings. Almost anything in the way of furniture 
and fittings, including desks, cabinets and files, can now be obtained in metal, 
and many libraries, banks and court-houses have been furnished entirely with 
Steel cabinet-work. Catalogues can be obtained from the leading manufac¬ 
turers of metal furniture, such as the Art Metal Construction Co., James¬ 
town, N. Y.; Berger Manufacturing Co., Canton, Ohio; General Fireproofing 
Co., Youngstown, Ohio; David Lupton’s Son’s Co., Philadelphia, Pa.; 
Metal Office Furniture Co., Grand Rapids, Mich.; Yawman & Erbe Mfg. 
Co., Rochester, N. Y. Not all of these metal products are of equal effective¬ 
ness in resisting fire or safeguarding contents of safes, cabinets, etc. In the 
burnout tests conducted at the Bureau of Standards,* Mr. S. II. Ingberg 
found that with approximately 49 lb of combustibles per square foot, steel 
shelving of the skeleton type with open backs resulted in an equivalent fire 
duration of 4 hours 40 minutes, as compared to a period of 3 hours 41 min¬ 
utes, in a test of a room equipped with partition steel shelving with closed 
backs; whereas the room with wood shelving and the same intensity of com¬ 
bustible loading resulted in an equivalent fire period of over 6 hours. More¬ 
over, various methods of insulating metal cabinets with linings and incom¬ 
bustible cores result in different degrees of protection to their contents. 

Fire-Retardant Wood Furniture. Recent attempts to construct cabinets, 
safes and other cabinet work of “Flaimpruf ” fire-retardant wood cores with 
beautiful veneers of hardwoods to harmonize with the fittings, either plain or 
inlaid in decorative designs, have resulted in equipment which is highly 
resistive to the conduction of heat, which suffers no distortion or breakdown 
from the application of high temperatures and flames and adds no combus¬ 
tible fuel to a fire.f 

22 . Fire-Preventive and Fire-Fighting Devices 

General Precautionary Measures. Although the building structure can 
be erected of such fire-resistive construction as to permit a complete burning 
out of the combustible contents without collapse of vital structural members, 
• See Severity of Building Fires, Article X. 
f See Flaimpruf Wood, Article 5. 
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certain precautionary and preventive measures must be taken to limit the 
spread of fire in the building and its communication to adjacent structures. 
Such precautionary measures involving only a small initial investment may 
result in large saving by a reduction of the possible fire loss and a decrease in 
the municipal cost of fighting fires. In addition, by such measures, savings 
are affected in the insurance rate on building and contents. Furthermore, 
the installation of fire-preventive and fighting devices is an effective means 
of increasing the safety of occupants and is reflected in lower building code 
requirements for means of egress and greater leeway in permissible areas and 
heights of buildings. In warehouses, stores or factories, containing large 
quantities of combustible contents or even highly inflammable materials, there 
is always the possibility of a fire which if not checked in its incipient stage, 
may develop to such proportions as to cause a great loss to the contents and 
even damage to the structure. There are now available many devices of 
value for detecting and checking fires, which should be considered in the 
planning of every building in connection with the potential fire hazard of the 
proposed occupancy and use of the building. The automatic control of fire 
has been so highly developed that these available devices can cope with all 
kinds of fire hazard whether in a dwelling or in a powder-mill. Chief among 
these devices arc (1) Automatic fire-alarms; (2) automatic sprinkler systems; 
(3) standpipe and hose systems; (4) first-aid fire appliances. 

Automatic Fire-Alarm Systems. The prompt discovery of fire frequently 
assures its speedy control. It is not practically possible to have some one on 
duty in all parts of a building at all times, and unless some method of auto¬ 
matic detection and notification is used, fires may gain dangerous headway 
before being discovered. This can be accomplished by the installation of 
an automatic fire-alarm system or by an automatic sprinkler system equipped 
with automatic alarm apparatus. There are two general classes of automatic 
alarm systems; one in which the detecting devices function at a fixed or 

PREDETERMINED TEMPERATURE; the Other On a RISE OF TEMPERATURE. The 
systems in the former class employ thermostats and a fusible-core wire as 
detecting devices, actuating an electrical circuit. The thermostats are 
designed to operate at a predetermined temperature, and open or close an 
electric circuit actuating electrical signaling apparatus or alarm gongs. The 
fusible solder type of thermostat, once widely used, is now obsolete. Dif¬ 
ferential expansion of dissimilar metals is the principle upon which these 
detecting devices are now constructed. In the rise of temperature class 
most of the systems utilize the principle of expansion under heat of air con¬ 
tained either in tubes or small air-chambers, known as heat-actuated devices. 
One system uses specially designed thermopiles as heat detectors which gen¬ 
erate electrical currents on rise of temperature. Risk of temperature sys¬ 
tems function whenever the temperature rises at a certain minimum rate 
under fire conditions, but are not affected by gradual temperature increases 
under normal conditions. 

The “ Aero ” System utilizes the principle of heat expansion of air in & 
small copper tube attached to ceilings or walls and arranged in loops of lim¬ 
ited lengths having at each end a diaphragm in a detector unit. A quick 
rise in temperature expands the air in the tube, causing one or both dia¬ 
phragms to close an electrical contact actuating a transmitter arranged to 
send coded signals to a central station and also to operate local electrical 
gongs. This system, installed by the Aero Alarm Co., Inc., New York City, 
is approved for central station, proprietary or local service by the under 
writers’ laboratories. 
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The 44 A.D.T.” System, also approved for both central station and pro¬ 
prietary service, installed by the American District Telegraph Company and 
Controlled Companies, New York City, utilizes the principle of expansion 
under heat of air in small copper tubes connected to diaphragms in detector 
units which close an electric circuit actuating a transmitter arranged to send 
coded signals to a central station. If desired, local signals may be produced 
on vibrating electrical gongs in the building. 

The 44 Atmo ” System, installed by the Atmo Automatic Fire Alarm Co. 
of America, Nutley, N. J., utilizes the same principle as the systems explained 
above and functions similarly. It is approved for local fire-alarm service. 

The “ Automatic ” System, installed by the Automatic Sprinkler Corpo¬ 
ration of America, Cleveland, Ohio, and licensee companies, utilizes the prin¬ 
ciple of expansion under heat of air contained in small chambers, heat- 
actuated pressure-producing units, connected through small-bore bronze 
tubing with a diaphragm-operated releasing mechanism which functions to 
open a valve allowing water under pressure to How to a water motor-gong 
or a circuit closer controlling an electric gong. This system operates under 
a predetermined rate-of-rise temperature. It is approved for local fire- 
alarm service. 

The “ Derby 99 System, installed by the American Fire Prevention Bureau, 
Inc., New York City, utilizes the “Derby Fire Sentinel 1 * thermostat, a fixed- 
temperature device, set to operate at different degrees of temperature. The 
devices are wired on a closed circuit, and the system is under constant elec¬ 
trical supervision. This system may be arranged to utilize electric current 
from either primary or storage batteries or from alternating or direct current 
light and power service up to 125 volts, and to operate local vibrating bells, 
a fire-alarm box, or a transmitter to produce coded signals on single-stroke 
gongs; it is approved for local fire-alarm service. 

The “ Garrison ” System, installed by the Garrison Fire Detecting System, 
Inc., New York City, is a fixed-temperature system employing as the detect¬ 
ing device a special form of thermostatic wire with a fusible core which melts 
when heated by a fire, thus causing contact between a slotted core sheath and 
a brass sleeve, closing the electric circuit and actuating the system. The 
actuating current is supplied from a 6- or 24-volt storage battery. The sys¬ 
tem can be arranged to provide either coded or non-coded signals on single 
stroke or vibrating electric gongs. 

The 44 Reichel 99 System, installed by the Fire Detection Service, San 
Francisco, Calif., employs thermopiles of special design as heat detectors, 
connected in a series circuit with special supervising and operating batteries, 
relays, local transmitter and sounding devices. The transmitter is arranged 
to send coded signals to a central station. Under a sudden rise of tempera¬ 
ture the thermopile generates sufficient electric current to actuate a relay 
causing the transmitter to operate. Slow temperature changes do not affect 
the system. 

The 44 Watkins ” System, installed by the Automatic Fire Alarm Co., of 
New York City, employs a fixed-temperature thermostat in which the expan¬ 
sion of thermostatic strips makes a scraping contact, closing an electrical 
circuit and actuating a transmitter arranged to send coded signals to a central 
Station. 

Automatic Sprinkler Systems. The automatic sprinkler system is con¬ 
sidered an important device for controlling fire, by limiting its severity to the 
point of origin, by reducing the life hazard as well as the property damage 
and indirectly the amount of water damage, through the extinguishing of 
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the fire in its incipiency by the sprinkler heads locally affected. The state¬ 
ment has been made that “it is as impossible to prevent the start of a fire 
as it is impractical to manually put it out in every instance and in its early 
stages. The true solution is the automatic sprinkler, for unless fire is stopped 
promptly, no amount of foresight and no excellence of building design can 
prevent its ravages.”* 

Standard Class A Automatic Sprinkler System. The Standard Automatic 
Sprinkler System, as approved by the National Board of Fire Underwriters, 
consists of a number of sprinkler devices screwed into pipe fittings precisely 
spaced and joined together by sections of pipe of specified sizes which convey 
water from the source of supply to the automatic releasing and distributing 
devices. The automatic distributing device consists of an automatic 
sprinkler head held in the closed position by a metal strut composed of sepa¬ 
rable parts secured together with fusible solder. When heated by fire, the 
solder melts, the head opens, and the water is discharged through a 3^-in 
nozzle. The released stream of water is broken up by a deflector which 
diffuses a coarse spray of water over an area of 100 sq ft, more or less; and the 
heads are spaced as required by the underwriters’ rules for the kind of building 
and conditions of occupancy. In one type of automatic-sprinkler device, the 
holding strut is a frangible quartz bulb containing a liquid which expands 
when heated, bursting the bulb and actuating the sprinkler. Automatic 
sprinkler heads are made to open at various temperatures, and are customarily 
rated as follows: Ordinary Heads, 155° F. to 165° F. for the solder type and 
135° F. for the uncolored quartz bulb type; Intermediate Heads, 212° F. 
for the solder type and 175° F. for the white quartz bulb type; Hard Heads, 
286° F. for the solder type and 250° F. for the blue quartz bulb type; Extra 
Hard Heads, 360° F. for the solder type and 325° F. for the red quartz bulb 
type. High temperature heads are designed for locations where the normal 
temperatures are above those that generally obtain throughout a building, 
as boiler-rooms, drying-rooms, locations close to heat or light sources, etc. 

The Standard Class A Automatic Sprinkler System may be of two general 
types: wet pipe and dry pipe. In the wet-pipe systems, which are required 
in all buildings normally maintained heated, the piping contains water under 
pressure. In the dry-pipe systems, for use in unheated buildings in localities 
where water might freeze, the piping system is maintained filled with air 
under moderate pressure. The opening of one or more sprinkler heads in 
case of fire allows the air to escape, and the drop in pressure releases the dry- 
pipe valve, admitting the water into the system. In modern practice, it is 
customary to equip dry-pipe valves with auxiliary quick-opening devices 
which accelerate the action of the dry-pipe valve and open the valve a few 
seconds after the sprinkler head is released. 

A complete automatic sprinkler system includes an alarm apparatus so 
arranged that a flow of water in the system will operate a water-motor gong, 
or an electric gong or both. In wet-pipe systems this apparatus consists of 
an alarm check-valve and appurtenances; in dry-pipe systems an alarm 
attachment to the dry-pipe valve. Automatic sprinkler-system alarm- 
apparatus may be so arranged that notification of its operation can be com¬ 
municated to the municipal fire department or other central stations, thus 
adding an automatic fire-alarm feature to the sprinkler system. 

Approvals of the various types of automatic sprinklers and other related 
devices and apparatus for standard sprinkler systems are accredited by the 
laboratories of the stock and mutual fire insurance companies in Chicago and 


* National Fire Prevention Association. 
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Boston to the following companies: “ Automatic ” Sprinkler Corp. of 
America, Cleveland, Ohio; C. S. B. Sprinkler Co., Boston, Mass.; Central 
Automatic Sprinkler Co., Philadelphia, Pa.; Crowder Bros., St. Louis, Mo.; 
Esty Sprinkler Co., II. G. Vogel Co., sole agents, New York City; Fire Pro¬ 
tection Co., Chicago, Ill.; Globe Automatic Sprinkler Co., Philadelphia, Pa.; 
Grinnell Co., Inc., Providence, R. 1.; Hodgman Mfg. Co., Taunton, Mass.; 
P. Nacey Co., Chicago, Ill.; Raisler Sprinkler Co., New York City; Reliable 
Automatic Sprinkler Co., Inc., New York City; Rockwood Sprinkler Co., 
Worcester, Mass.; Star Sprinkler Corp., Philadelphia, Pa.; and the Viking 
Corp., Hastings, Mich. 

Standard Class B Sprinkler Systems. In 1930, the National Board of 
Fire Underwriters established a Class B Standard of automatic sprinkler 
equipment for light hazard occupancies such as apartment-houses, asylums, 
clubhouses, colleges, churches, dormitories, dwellings, hospitals, hotels, libra¬ 
ries, museums, office-buildings, school-houses and tenements, in which some 
modifications arc permissible from standard Class A requirements. The 
Class B standard provides for wider spacing of sprinklers, smaller pipe-sizes 
and more moderate water supplies. In other respects Class A requirements 
apply to wet or dry-pipe Class B systems. 

Grinnell “ Simplex ” Dry-Pipe System, Grinnell Co., Inc., Providence, 
R. I, is a special type of complete dry-pipe automatic sprinkler system con¬ 
structed according to the Class B requirements as to spacing of sprinklers 
and pipe-sizes and having a limited water supply from a pressure tank of 
about 1 500-gal capacity. The air-pressure in both the tank and sprinkler 
system is constantly maintained by an automatic, electrically operated air- 
compressor, and controlled between the tank and the distribution system by 
a special discharge device. When a sprinkler head opens releasing air from 
the system, the discharge device functions and the water in the tank is forced 
into the sprinkler system by the air-pressure in the tank. This system is 
intended for use where not more than ten sprinklers are expected to operate 
at one time. 

Thermostatically Operated Sprinkler Systems. Automatic sprinkler 
systems have recently been developed, depending for operation upon auxil¬ 
iary thermostatic devices, functioning on a certain rate-of-rise of tempera¬ 
ture, instead of the fusing of individual fixed-temperature automatic sprinkler 
heads. In case of fire the operation of the thermostatic devices releases one 
or more automatic valves, permitting the entry of water into the sprinkler 
system. There are two general classes of these systems: one which utilizes 
the principle of expansion of air when subjected to an increase of temperature 
in the actuating devices, which are independent of the sprinkler system except 
for connection with the automatic water-release valves; the other which 
employs the principle of unequal expansion of metals in the actuating devices 
which are attached direct to the sprinkler system. Typical of the former 
class is the “Automatic” system, and of the latter, the “Tyden” system. • 

The ** Automatic ” System, “ Automatic ” Sprinkler Co. of America, 
Cleveland, O., utilizes the principle of expansion of air when subjected to a 
predetermined rate of increase of temperature. The heat-actuated device 
consists of an air-chamber with a special compensating vent, located in the 
area covered by the sprinkler system, and connected through copper tubing 
run in rigid conduit to the water-supply valve-releasing mechanism. The 
heat of a fire causes expansion of air in the air-chambers, and the resulting 
pressure trips the release mechanism and opens the automatic valve control¬ 
ling the water-supply, permitting the water to flow into the sprinkler system 
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and to the alarm devices. The thermostat system may actuate an independ¬ 
ent alarm. There are two types of this system: one in which open, non¬ 
automatic sprinklers are used, and the other in which regular automatic 
sprinklers are used. In the former, called the deluge system, the installa¬ 
tion is divided into sections, each having one automatic water-release valve 
with not more than 75 sprinklers controlled by one valve. The other type, 
called a preaction system, comprises an automatic sprinkler system having 
individual automatic sprinklers, normally dry-pipe, with the water-supply 
automatically controlled by one release valve thermostatically actuated. 
The operation of the thermostat system sounds an alarm, releases the auto¬ 
matic control valve and admits water into the sprinkler heads in case of fire. 
The thermostatic and the deluge type may be combined in one system, ar¬ 
ranged to function in different parts of the structure. The Automatic Sprinkler 
Corp. of America licenses the following companies to use its thermostatic 
system for operating sprinkler systems or other kinds of apparatus for the 
extinguishing and other purposes incidental to the control of fire: Aero Alarm 
Co., New York City; American-LaFrance and Foamite Industries, Inc., 
New York City; Fyrout Carbon Dioxide Extinguishing Co., Inc., New York 
City; Globe Automatic Sprinkler Co., Inc., Philadelphia, Pa.; Grinnell Com¬ 
pany, Inc., Providence, R. I.; Independent Aetna Sprinkler Corporation, 
New York City; Rhode Island Supply and Sprinkler Company, Providence, 
R. I.; Rockwood Sprinkler Company, Worcester, Mass.; R. G. Vogel Com¬ 
pany, New York City. 

The “ Tyden ” System, The V'king Corp., Hastings, Mich., uses a thermo¬ 
static device comprising two metal rods of different diameters the dissimilar 
expansion of which under heat actuates the device and causes the opening of 
the automatic valves controlling the entry of water into a sprinkler system, 
in which the sprinklers may be open, non-automatic, or individually auto¬ 
matic. These devices may be attached directly to a regular dry-pipe auto¬ 
matic sprinkler system and be made an integral part of it, appreciably increas¬ 
ing the speed of its operation. 

Thermostatically Operated Fire-Control Systems. There are a number of 
systems, in addition to sprinkler systems using water, which employ thermo¬ 
static devices for their actuation to extinguish fire, such as systems diffusing 
carbon dioxide (CO*) gas, or foam fire-extinguishing blankets. All of the 
approved devices are listed by the Underwriters’ Laboratories, Inc., Chicago, 
and the Inspection Department, Associated Factory Mutual Fire Insurance 
Companies, Boston. 

Sypho Chemical Sprinkler System, installed by “ Automatic ” Sprinkler 
Corporation of America, is an automatic stationary chemical fire-extinguisher 
system, especially designed for moderate hazards and particularly well 
adapted where suitable water-supply is not available. This system involves 
the use of a distribution system of modified pipe-sizes, filled with a non-freez¬ 
ing solution; a chemical engine containing bicarbonate of soda solution and sul¬ 
phuric acid, and means by which, when a sprinkler opens, this acid is syphoned 
into the soda solution. The automatic sprinkler heads used have been tested 
and found to resist the chemicals contained in the system which is designed 
for use in cases where a limited number of sprinklers are expected to control 
the fire. This system is maintained under a periodic inspection service by 
the installing company, and has had 15 years of satisfactory fire record. 

Sprinkler System Supervisory Service. Experience* reveals that the 
majority of fires not successfully controlled by sprinkler systems have been 
due to faulty maintenance of the system and to the unlicensed shutting off 
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of the water-supply control-valves. The most reliable method of assuring 
the proper operating condition of all parts of a sprinkler system is the so-called 
Sprinkler Supervisory Service. This comprises apparatus for giving a con¬ 
stant check on the normal condition of essential parts of an automatic sprinkler 
system and of transmitting signals to a central station whenever a water- 
supply valve is closed, when the water-level or temperature in a gravity tank 
falls below the proper point, when the air-pressure weakens or the water-level 
rises or falls in a pressure tank, whenever a water flow occurs in any part of 
the system, and in all respects constantly supervising the entire sprinkler 
system. The complete supervisory service comprehends a standard central 
station system, such as the “Aero” system, Aero Alarm Co., Inc., New York 
City, and the “ A.D.T.” system, American District Telegraph Co., New York 
City. Another kind of this service is the proprietary system in which the 
signals are transmitted to a local station in the property protected. Types 
of these systems are the “A.D T.,” also the “Autocall,” The Autocall Co., 
Shelby, Ohio. Partial supervisory service and water-flow signals are given 
locally by isolated systems, such as the Derby, American. Fire Prevention 
Bureau, Inc., New York City; by a system of the Automatic Fire Alarm Co., 
New York City; and the “U.S.E.M. Waterwatch,” U.S.E.M. Co., New York 
City. In addition to the customary local alarm service in automatic-sprinkler 
systems, supervisory service attachments can be made to any standard water- 
flow alarm-valve to transmit characteristic signals to central or proprietary* 
stations or to actuate special local alarms. 

Automatic Releasing Devices and Systems. For many years the fusible 
link was the sole means available for automatically releasing self-closing fire- 
doors in case of fire. Where conditions favor rapid spread of fire through 
wall openings, the need for more rapid closing has led to the development of 
devices and systems for releasing fire-doors more speedily through thermo¬ 
static fire-detectors that cause the actuation of electrical and mechanical 
devices. The fire-detectors used in these automatic release systems are 
either of the fixed-temperature or risc-of-temperature types. Such sensitive 
devices are also adapted to the closing of dip-tank covers, automatic skylights 
and windows, dropping theater curtains, stopping blowers, engines and elec¬ 
tric motors, opening or closing valves for various purposes, operating different 
kinds of chemical extinguishers, controlling of fires in flammable liquids, and 
generally controlling mechanical movements and arresting power energy in 
event of fire. 

The “ Derby ” System. American Fire Prevention Bureau, Inc., New 
York City, employs the “Derby Electric Release,” an electromechanical device, 
designed to hold a rope or chain controlling the position of device to which 
it is attached. The actuating mechanism is an electromagnet, arranged in a 
series circuit of 110 volts, alternating or direct current, and taking from 120 
to 350 milliamperes to operate the releasing levers. This electric circuit and 
the “Derby Fire-Sentinel” fixed-temperature thermostat located as many 
be required for transmitting and controlling the current to actuate the auto¬ 
matic release constitute the complete automatic release system. 

The 44 Grtonelt ” System, Grinnell Co., Inc., Providence, R. I., employ# 
a mechanical release automatically actuated by expansion of air in copper 
tubing. The principle of automatic operation and apparatus used is the same 
as in the “Aero” and “Atmo” automatic fire-alarm systems. The release 
mechanism consists of a series of levers and a set of diaphragms with asso¬ 
ciated air leaks and compensating chambers with which the fite-detector 
tubing is connected. 
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The “ Lowe " System* “ Automatic ” Sprinkler Corp. of America, Cleve¬ 
land, Ohio, utilizes the “ Lowe Release,” a diaphragm-operated lever mechan¬ 
ism enclosed in a cast-iron case, which is operated by heat-actuated pressure- 
producing units, affected by rate-of-rise of temperature, installed in the fire 
area, and connected through small-bore bronze tubing with the diaphragms 
of the releasing devices. For releasing fire-doors, the heat-actuated device 
and the releasing mechanism may be combined in one self-contained unit. 

The ** Saveall ” System, Globe Automatic Sprinkler Co., Inc., Philadelphia, 
Pa., employs the “Saveall” automatic release, a diaphragm-operated lever 
mechanism operated by fixed-temperature heat-actuated vacuum-producing 
units installed in a fire area with small-bore bronze tubing for connecting 
with the diaphragm of the release mechanism. 

Stand-Pipe and Hose Systems. In buildings not protected by inside auto¬ 
matic sprinkler systems, stand-pipe risers with hose reels attached in each 
story and on the roof constitute a ready means for fire control. In some 
cities such a system is required by law in buildings exceeding a certain height, 
or maximum area, whether or not the building is sprinklercd, particularly for 
fire-department use in the upper stories. For ordinary purposes stand-pipes 
are 3 in or 4 in in diameter with connections for l3^-in hose to enable all 
points to be reached with at least one stream from a line of hose not over 
100 ft long. Where designed for fire-department connection the stand-pipe 
size is 6 in with 2j^-in hose-connections in each story, to which lj^-in hose 
may be attached for ordinary fire service by reducer valves. Water-supply 
may be from the public source or from a gravity or pressure tank, or prefer¬ 
ably by automatically controlled fire-pumps in the building. The fire-pump 
is probably the best control for a stand-pipe system, as it makes available 
an inexhaustible water-supply with any desired practical pressure at the hose- 
nozzle. Siamese connections at the street-level for fire-department use 
should be included in any stand-pipe and hose system regardless of size or 
kind. A properly designed stand-pipe system includes the correct layout of 
pipes and check-valves to permit the use of one or more sources of water- 
supply without interference with others. The number and location of 
stand-pipes should be such as to protect all parts of the structure, and they 
are generally located within stair-enclosures or other readily accessible parts 
of the building. Such cross-connected stand-pipe systems become very 
extensive and elaborate in a modern fire-resistive structure. In the 73-story 
Chrysler Building in New York City, the stand-pipe system was installed 
at a cost of $150,000. The stand-pipe is primarily intended for fire- 
department use. With modern high-pressure pumping apparatus and 
ordinary deck or street hose, effective fire-streams cannot be thrown above 
the second story; and with the 65-ft fire-department water-tower, the limit 
of effectiveness for properly placed streams is not much above the sixth story 
of a building. With the aid of a properly equipped stand-pipe system, the 
height, area as well as the exposure hazard is considerably reduced in high 
building-structures. 

In tall stand-pipes, to overcome excessive pressures at lower hose-outlets 
due to the height, reducer valves must be introduced in the riser. A pressure- 
reducer valve manufactured by William F. Conran of 26 Ferry Street, New 
York City, is designed to be attached on the down-stream side of the hose- 
outlet valve, each device being marked for the specific floor for which it is 
adjusted to give a safe nozzle pressure of 25 to 35 lb per sq in at the base of 
the hose-nozzle. The device is marked with thirteen notches to allow of thir¬ 
teen pressure-variations, and is locked in the required position by a removable 
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dog fitting into the notch. For fire-department use, the dog can be readily 
broken by the hose-spanner, and the device can be adjusted to give any 
desired pressure up to the full static head. After such use, the valve can be 
set back to the proper floor adjustment as indicated by the stamped number 
on the casing, and a new locking dog installed. 

Conran Stand-pipe System, This system consists of one or more stand¬ 
pipes located on the inside of the structure, generally near outer walls, with 
a nozzle and hydraulically-operated valve on each riser in each story. The 
riser can be raised or lowered hydraulically from a control box at the street- 
level, and rotated manually from the same point. From the control box, 
hydraulically operated valves control a nozzle at each story, by means of 
which a stream of water can be thrown on every one or all stories to reach all 
parts of the floor-area within the radius of action of the apparatus. It is 
primarily intended for fire-department use, and with the rigidly mounted 
nozzles at each story and pump water-supply, pressures as high as 100 lb per 
sq in can be effectively handled at each outlet. The stand-pipe must be so 
located that the control mechanism is accessible in the first story. 

Conran Hydraulic Distant Control Valve. This dry-pipe valve is designed 
to operate stand-pipe systems where maintained dry, in locations subject to 
freezing. In case of fire, the valve located in the main stand-pipe line 19 
operated hydraulically either by a manual-controlled actuating device or 
thermostatically through a detector actuating an electric circuit accompanied 
by a fire alarm on local gongs or coded signal transmitted to a central station 
or to the fire department. The Conran Valve can also be used on a cross- 
connected stand-pipe system to eliminate any one riser in the event of 
its being broken, or several of such devices can be installed throughout each 
stand-pipe riser to eliminate sections of the pipe if they should become broken, 
without affecting the balance of the system. The Conran stand-pipe sys¬ 
tems and control valves are approved by the Underwriters* Laboratories. 

The “ Automatic 99 Hose Valve, manufactured by “Automatic ” Sprinkler 
Corporation of America, Cleveland, Ohio, consists of an approved angle 
hose-valve so equipped that, when the hand wheel is opened part of a turn, 
a diaphragm is collapsed suddenly. The air compressed by the collapsing 
of the diaphragm is transmitted through small copper tubing to a remote 
location, resulting in the tripping of a pneumatically controlled “ Automatic ” 
Deluge valve, permitting water to flow into the normally dry hydrant or 
stand-pipe system. The use of these hose valves permits the intallation of 
hydrant or stand-pipe systems in unheated risks, or where the system would 
be subject to freezing. The delivery of water is accomplished by the same 
operation as on a wet system, by opening the hose valve. 

First-Aid Fire-Appliances, Readily available auxiliary flre-extinguishing 
apparatus for controlling incipient fires are generally desirable. Of more or 
less value, according to various types of such apparatus, and dependent upon 
the structural conditions and occupancy of the building, may be mentioned 
the following: Soda-acid hand extinguishers, soda-acid engines on wheels, 
soda acid stand-pipe systems, automatic foam cans, foam hand-extinguishers, 
foam engines on wheels, foam stand-pipe systems, carbon tetrachloride extin¬ 
guishers, calcium chloride extinguishers, carbon dioxide (COj) gas extin¬ 
guishers, and dry-chemical fire-extinguishers. All of these devices can be 
secured for manual operation and some for automatic control, and approved 
types are labeled and listed by the underwriters 1 testing laboratories, both 
stock and mutual. 



Art. 1J 


Introduction 


1107 


CHAPTER XXIII 

REINFORCED-CONCRETE CONSTRUCTION 

By 

THEODORE CRANE 

KOfESSOR OP ARCHITECTURAL ENGINEERING, SCHOOL OF FINE ARTS, 
YALE UNIVERSITY 

1. Introduction 

Definition. Concrete is a mixture of Portland cement, water and inert 
materials such as sand and crushed stone or gravel. 

Reinforced concrete is concrete in which metal is embedded in such a man¬ 
ner that the two materials act together in resisting forces; the principal func¬ 
tion of the concrete is to resist compressive stresses, and that of the reinforce¬ 
ment to resist tensile stresses. 

Historical Notes. Concrete has been used as a structural material for 
many centuries. The Romans made an excellent cement by combining 
volcanic dust with slacked lime. This product was used in both masonry 
and concrete employed for the construction of buildings, viaducts and other 
engineering structures. Apparently, the art of mixing and placing concrete 
was much the same as in our own times, the plastic material being cast in 
wooden forms. During the medieval days there is no evidence that concrete 
was used to any extent in western or southern Europe. In 1756, while con¬ 
structing the Eddy Stone Lighthouse in the English Channel, John Smeaton 
discovered that by burning an impure limestone containing considerable 
clayey matter, a cement could be produced that would set under water. In 
following years natural cements came to be widely accepted for use in 
masonry and concrete construction. 

In 1842 Joseph Aspden, an English bricklayer, took out a patent applying 
to the manufacture of cement made from a definite amount of day and lime¬ 
stone amalgamated and calcined. Because the resulting product when hard¬ 
ened resembled a limestone quarried near Portland on the southern coast of 
England, the inventor named his product Portland cement. It was nearly 
30 years later that the material began to be used extensively in England. 
Portland cement was first manufactured in the United States at Coplay, 
Pennsylvania, in 1875. 

Reinforcement was probably first used in concrete by the Romans but in 
a very elementary way. Even after the invention of Portland cement, there 
is no further record of reinforcement being used until about the middle of the 
last century. The first experiments made by Francois Coignet of Paris are 
recorded by a patent taken out by him in 1869 applying to a combination of 
iron and concrete. Two years before this, P. A. J. Monier, a gardener living 
in the neighborhood of Paris, applied the principle of reinforcement in the 
making of ornamental flower-pots. 

Reinforced concrete began to be applied to engineering structures and 
buildings toward the end of the nineteenth century. Following its use for 
bridges, the art of design and construction rapidly developed during the next 
twenty years. The discussion of the subject in this chapter is confined to 
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the use of concrete as applied to building construction. Since the first 
recorded example of a reinforced-concrete building in this country was erected 
by W. E. Ward near Port Chester in 1875, about 700 buildings have been 
constructed in the United States over ten stories in height. In 1928, the 
Master Printers* Building, twenty stories in height, illustrated the economy 
of concrete for city structures designed for manufacturing purposes. Dur¬ 
ing the last decade, the use of concrete for apartment houses and institutional 
buildings has supplemented its established use for factories and warehouses. 

Economic Requirements. The planning of a concrete building requires 
both a knowledge of structural design and a familiarity with field methods. 
Because concrete construction is a manufacturing process carried on in the 
field, the engineer or architect must be sufficiently familiar with construction 
methods to design the type of work that can be economically erected. The 
ground plan of an industrial building, of the factory or warehouse type, may 
be governed by the size and shape of the available property, or by the type 
of occupancy for which the building is intended. The height of a building 
is also largely dependent upon land value and operating conditions, but there 
are a few general principles, the application of which results in more eco¬ 
nomical construction. 

When the location of the columns is not controlled by architectural require¬ 
ments, it is desirable to make the bays approximately square with column 
spacings about 20 ft on centers. In factories, it is often undesirable to place 
columns on the center line of the building, and when possible the width 
should be divided into at least three bays in order that continuity may be 
assumed in the design of the floor construction. The exterior and interior 
columns should be placed on the same center lines in order to simplify the 
framing plans. Columns that are to remain exposed, such as those in the 
interior of an industrial building, are generally made round in section. When 
columns are to be concealed in partitions, square or oblong sections are used. 
In skeleton construction, the exterior columns are generally of rectangular 
cross-section with a constant face width for the entire height of the building, 
the thickness being changed to give the necessary cross-sectional area. It is 
customary to fill the entire wall spaces, above panel walls from column to 
column, with steel sash. 

There are at present three broad classifications or types of concrete floor 
construction besides the various uses of concrete as a floor material in steel¬ 
framed buildings: the girderless or flat slab, the beam-and-slab, and the 
so-called joist construction. For the typical industrial building of three bays 
or more in width, when the column locations can be chosen to give approxi¬ 
mately square bays, of equal or nearly equal size, the girderless type is usually 
more satisfactory for superimposed loads of 100 lb per sq ft or more. It 
should be remembered that the saving in head room with this type of con¬ 
struction may, on a fifteen-story building, permit an extra floor within the 
same total height. There is also the added advantage of a comparatively 
flat ceiling, which favors the installation of sprinkler outlets and overhead 
piping, as well as the lighting of interior bays. In buildings with an irregu¬ 
lar column spacing, for floors sustaining extremely heavy loads, or where 
bays are broken up by large openings, a beam-and-slab construction may be 
a desirable choice. 

Joist construction is particularly suitable for long spans and light live loads. 
The ordinary conditions encountered in the construction of school buildings, 
hospitals, dub-houses, apartment-houses and fire-resistant residences lend 
themselves to this type of construction. As the dead load of the floor itself 
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is much less than that of a solid concrete slab, there is usually a distinct sav¬ 
ing except for heavy loads such as encountered upon industrial work. It 
should be remembered, however, that for short spans such as the corridors 
of schoolhouses, a solid concrete slab is usually cheaper. The various types 
of joist-floor construction comprise systems employing wooden or tin pans, 
fillers of terra cotta, gypsum and slag block, which may be supported on bear¬ 
ing walls or a structural steel or reinforced-concrete frame. 

Design Procedure. The first step in the design of the structural portion 
of a concrete building should be a comparative study of the relative costs of 
the various designs which can be satisfactorily used to meet the architectural 
requirements. Typical portions of the building should be designed, prices 
obtained for labor and material and comparative estimates prepared in order 
that the designer may choose a system that will not only satisfy the require¬ 
ments of good practice but one that will also be economical. 

Having determined upon the system to be employed, the chief structural 
members such as the columns, girders and beams should be located on a pre¬ 
liminary framing plan showing all walls, bearing partitions and openings 
requiring framing. The first floor to be designed should be the one which 
represents typical conditions, that is, the system that will repeat the greatest 
number of times in the structural work of the building. Slabs are designed 
first, followed in order by beams and girders or, for girderless floors, as 
described later. Columns are designed from the roof down for total loads 
computed from the live and dead loads per square foot on the area of the bay 
supported, to which are added the weights of the columns themselves, super¬ 
imposed walls, etc. The footings come next. Curtain walls, parapets, 
stairs, cornices, etc., are the last structural elements of a building to be 
designed but their sizes must be closely approximated in the early stages of 
the work in order that their proper dead loads may be included in the com¬ 
putations for supporting members. 


2 . Materials Used in Reinforced-Concrete 
Construction 

Cement. Portland cement is the product obtained by finely pulverising 
the clinker made by calcining to incipient fusion an intimate and properly 
proportioned mixture of argillaceous and calcareous materials with no addi¬ 
tions subsequent to calcination except water and calcined or uncaldned 
gypsum. Only Portland cement should be used in reinforced-concrete work 
and every shipment or carload should be tested as prescribed by “ Standard 
Specifications and Tests for Portland Cement” (Serial Designation: C9-26 
of the American Society for Testing Materials). 

Natural cements, used quite extensively in bricklaying mortars, are not 
desirable for concrete. Non-staining Portland cements are used only for 
decorative work and for applied finishes. 

High early strength cements, some of which are true Portlands and 
others of the alumina variety, are of particular value where it is necessary to 
obtain concrete that will gain strength more rapidly than that utilizing stand¬ 
ard Portland cement. The cost of most special cements designed to give a 
high early strength is considerably above that of the standard material. 
Especially is this true of the alumina cements which produce a concrete hav¬ 
ing a 28-day strength at an age of 24 hours. Many designers, in fact, prefer 
to use larger proportions of ordinary Portland cement to obtain a high early 
strength at the 3 to 7 day periods. Increasing the cement content permits 
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drier placement with equal workability, thereby resulting at all ages in a 
stronger and more impermeable concrete. 

Reinforcement. In the design of reinforced concrete, steel is employed 
to resist tensile stresses and in some cases to assist the concrete in carrying 
compressive stresses. The various grades of steel used in the past for the pur¬ 
pose of reinforcement have now largely given place to the so-called “ inter¬ 
mediate grade,” conforming to the requirements of the “ Standard Specifica¬ 
tions for Billet-Steel Concrete Reinforcement Bars of Intermediate Grade” 
(Serial Designation: A 15-14) of the American Society for Testing Materials. 
This specification was also established by the United States Department of 
Commerce as the single standard for billet-steel reinforcement (Commercial 
Standard No. 1). Supplementing this specification is the standard for “ Rail- 
Steel Concrete Reinforcement Bars” (Serial Designation: A16-14) of the 
American Society for Testing Materials and the “Standard Specifications 
for Cold-Drawn Steel Wire for Concrete Reinforcement” (Serial Designation: 
A82-27) of the American Society for Testing Materials. Structural steel 
should conform to the requirements of the “Standard Specifications for 

Structural Steel for Buildings” 
(Serial Designation: A9-24) of the 
American Society for Testing 
Materials. 

The INTERMEDIATE GRADE of 
billet-steel can be generally used 
for all purposes where reinforce¬ 
ment is required. Re-rolled rail- 
steel, owing to its somewhat 
brittle character, should be used 
with caution on work where it is 
necessary to bend rods or bars 
larger than % in. 

Deformed bars (Fig. 1) are those made in various shapes other than plain 
rounds and plain squares, for the purpose of developing a mechanical bond 
between steel and concrete. Such are usually rolled with lugs or projections. 
Their use permits an increase of 25% In the unit bond stress allowed for plain 
rods or bars. 

All reinforcing steel should be purchased under the appropriate specification 
of the American Society for Testing Materials which controls the chemical 
and physical properties. 

The working tensile stress on steel reinforcement should never exceed 
50% of that developed at the yield-point of the material. It may, however, 
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Fig. 1. Typical Types of Deformed Bars 



Fig. 2. Spiral Reinforcement for Columns 


safely approach this value as a limit. On this basis it would seem almost as 
logical to allow a working stress of 20 000 lb per sq in on intermediate grade 
reinforcing bars (yield-point 40 000 lb) as to permit 16 000 lb per sq in on 
structural grade steel (yield-point 33 000 lb). The higher stress is proposed 
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by the Joint Code (1928) and is used in some localities but has not been gem 
erally accepted by the profession. It is recommended that designs be baaed 
on a working-stress in tension of 18 000 lb per sq in and that the specifications 
call for intermediate grade steel. This matter should, however, be checked 
with the local building department as some ordinances still limit the tensih 
stress to 16 000 lb per sq in in all reinforcement, irrespective of its character, 
The following are the standard sizes of reinforcing bars: 


Table I. Areas, Weights and Perimeters of Rods and Bars 


Round Rods 


Size in in 

M 

X 

K 

H 

X 

■1 

n 

Area in sq in. 

Weight per ft in lb. 

Perimeter in in. 

0 049 
0.167 
0 78 

0 11 

0 376 
1.18 


0 30 

1 04 
1.96 

0.44 

1.50 

2.35 

0.60 

2.04 

2.75 

0.78 

2.67 

3.14 

Square Bars 

Size in in 

X 

1 

1 X 

ix 

Area in sq in. 

Weight per ft in lb. 

Perimeter in in. 

0 25 

0 85 
2.00 

1.00 

3 40 
4.00 

1.26 

4.30 

4.50 

1.56 

5.31 

5.00 


Wire fabric (Fig. 3) made of cold-drawn steel wire is widely used for the 
reinforcement of concrete slabs and floors, as well as for stuccoed work. The 
so-called ‘‘metal-lath” does not ordinarily make a suitable reinforcement for 
either concrete or stucco as it is much more difficult to properly embed in the 
plastic concrete or mortar. Wire fabrics of different types may be obtained 
to meet various conditions. 

Water. Water used in mixing concrete should be clean and free from 
acids, alkalis or organic materials. All water suitable for drinking may be 
used for concrete. Even serious pollution due to sewage, or manufacturing 
waste, produces hardly any effect upon the strength of concrete unless result¬ 
ing in an appreciable concentration of some harmful substance. In an 
exhaustive series of tests performed at the Lewis Institute, the only waters 
giving concrete strengths below 80% of that obtained with clear water, were 
the following: acid waters, lime-soak from a tannery, refuse from a paint 
factory, mineral water from Canada, and water containing 5% or more of 
common salt. 

Concrete Aggregates. Aggregates for plain or reinforced concrete should 
consist of natural sands and gravels, crushed rock, crushed air-cooled blast¬ 
furnace slag, or other inert materials having clean, uncoated grains of strong 
and durable minerals. 

The particles should be well graded, varying in size from fine to coarse. 
The combined mixture of the aggregates should have a low void content and 
be graded up to as large a size as can be conveniently placed under the con¬ 
ditions existing on any particular job. Standard Tyler sieves (Fig. 4) are 
ordinarily used for the purpose of sieve analysis, from the results of which the 
proportions of fine and coarse materials may be more accurately determined 





















1112 


Reinforced-Concrete Construction 


[Chap. 23 


than by the crude approximations usually employed. Particles passing a 
sieve having four meshes to the linear inch are ordinarily referred to as fine 
aggregates while those retained on a sieve of this size are classed as coarse 

AGGREGATES. 

The following tests are applied to determine the fitness of an aggregate for 

concrete work; the designa¬ 
tions refer to the Proceed¬ 
ings of the American Society 
for Testing Materials: 

Standard Method of Test 
for Organic Impurities in 
Sands for Concrete (Serial 
Designation: 040-27). See 
Fig. 5. 

Standard Method of De¬ 
cantation Test for Sand 
and Other Fine Aggregates 
(Serial Designation: B136- 
28). 

Standard Method of Test 
for Sieve Analysis of Ag¬ 
gregates for Concrete (Serial 
Designation: C.E.41-24). 

Tension Tests on Mortar 
Briquettes as Described in 
Specification for Concrete 
Aggregates (Serial Designa¬ 
tion: C33-28T). 

Standard Methods of 
Making Compression Tests 
of Concrete (Serial Desig¬ 
nation: C39-27). 

Samples of aggregates 
for test purposes should be 
representative specimens. 
The 44 Standard Methods 
of Sampling Stone, Slag, 
Gravel, Sand and Stone 
Block for Use as Highway 
Materials, Including Some 
Material Survey Methods’* 
(Serial Designation: D75- 
22 ) should be referred to. 
The sequence given above 
American Steel and Wire Co. might well be applied 

Fig. 3. Welded Wire Fabric for Slabs or Walls *?* lowin * * visual inspec- 

tion which should first 
establish the physical character of the material. If a sand, or other type 
of fine aggregate, is dirty, lacking gradation in size of particle, or excessively 
fine, there is seldom any use in performing the more expensive tests, as good 
concrete cannot be economically produced from such material. 

The test for organic impurities may be very easily made without the 
assistance of a laboratory. It consists in immersing the sand for a period of 
24 hours in a 3% solution of sodium hydroxide (NaOH) and comparing the 
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color of the resulting liquid with a standard color card, or glass. Injurious 
amounts of organic compounds are indicated by the fact that the color of the 
solution is darker than the standard. The purpose of the decantation test 
is to determine the amount of silt, loam or clay which the aggregate contains. 
Good practice and many building ordinances specify limiting amounts for 
“fines” of this kind. The requirement recommended by the Joint Code 
(1928) is that silt and crusher dust, finer than the No. 100 standard sieve, 



Fig. 4. Set of Standard Tyler Sieves 

shall not exceed 2 % of the weight of the combined aggregate as used in the 
concrete. 

On important work these preliminary tests should be supplemented by 
tension tests upon mortar briquettes (Fig. 6) in wh : ch it is customary to 
require the sand under test to develop at least the strength of standard 
Ottawa sand and, in fact, a well-graded building sand should develop 15% 
more than the standard sand. 



Fig. 5. Colorimetric Test Used to Detect the Presence of Harmful Amounts a) 
Organic Matter in Aggregates 

The value of a sieve-analysis is to assist the designer in choosing an aggre¬ 
gate, or a combination of aggregates, that gives the strongest concrete for any 
fixed amount of cement and, at the same time, produces a workable mixture 
which can be easily placed in the forms and around the reinforcement. 

Compression tests on concrete cylinders (Fig. 7), using the materials and 
proportions that it is intended to employ on the job, furnish a very fair indica¬ 
tion of the strength that can be obtained for any given set of conditions. 
When making laboratory experiments it is extremely important to bear in 
mind the situation on the work in order to avoid designing a mixture that 
would be too dry, or too coarse, to be placed under job conditions. 
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Compression tests also give a very valuable check on the execution of the 
work. The “Standard Method of Making and Storing Specimens of Con¬ 
crete in the Field” (Serial Designation: D31-27) describes the way in which 



Fig. 6. Briquette Tensile Testing Machine 

samples of concrete should be obtained. “Standard Methods of Securing 
Specimens of Hardened Concrete from the Structure” (Serial Designation: 
C42-27) describes a method for obtaining specimens from completed work. 



Fig. 7. Cylinder Compression Testing Machine 


The jonrr code * promulgated by Committee 501 of the American Concrete 
• Tentative Building Regulations for Reinforced Concrete: Proc. American Concrete 
Inst, Vol. 24, page 791. 
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Institute and the Concrete Reinforcing Steel Institute’s Committee on Engi¬ 
neering Practice, gives the following requirements for concrete aggregates: 

“Concrete aggregates shall consist of natural sands and gravels, crushed 
rock, crushed air-cooled blast-furnace slag, or other inert materials having 
dean, uncoated grains of strong and durable minerals. Aggregates contain¬ 
ing soft, friable, thin, flaky, elongated, or laminated particles totaling more 
than 3%, or containing shale in excess of l}^%, or silt and crusher dust finer 
than the No. 100 standard sieve in excess of 2% shall not be used. These 
percentages shall be based on the weight of the combined aggregate as used 
in the concrete. When all three groups of these deleterious materials are 
present in the aggregates, the combined amounts shall not exceed 5% by 
weight of the combined aggregate. 

“Aggregates shall not contain strong alkali or organic material which gives a 
color darker than the standard color when tested in accordance with the 
• Standard Method of Test for Organic Impurities in Sands for Concrete * 
(Serial Designation: C40-27) of the American Society for Testing Materials. 

“The maximum size of the aggregate shall be not larger than one-fifth of 
the narrowest dimension between forms of the member for which the concrete 
is to be used nor larger than three-fourths of the minimum clear spacing 
between reinforcing bars. By maximum size of aggregate is meant the 
dear span between the sides of the smallest square opening through which 
95% by weight of the material can be passed.” 

Dangerous Aggregates. Although most types or rock which have a good 
physical appearance and conform with the spcdfication given above are satis¬ 
factory for concrete work, when crushed and graded to the proper sizes, there 
have been instances where apparently satisfactory material, having the 
appearance of limestone, has gone to pieces after incorporation in the concrete. 
The result has been complete disintegration. In the light of such experiences, 
it would seem desirable to investigate the character of any stone used for the 
first time as a concrete aggregate. 

Cinders and Light-Weight Aggregates. Anthracite cinders are widely 
used in concrete intended for fireproofing purposes and also in structural 
work where the design does not call for a material of greater strength. Bitu¬ 
minous dnders from bituminous coal, or those containing unburned partides, 
or ashes from domestic plants, should not be used as such do not produce 
satisfactory concrete. Blast-furnace slag makes a every good aggregate, 
developing adequate strength in properly designed mixtures and giving a 
lighter dead load than stone concrete. 

Many other light-weight aggregates are now upon the market, some of 
which may be used to produce concrete of strength sufficient for structural 
use and giving a dead load H to H that of stone concrete. For example, 
light-weight aggregate made from burnt day produces a concrete weighing 
about 100 lb per cu ft, and by a process of aeration another manufacturer 
has developed a mixture weighing less than 50 lb per cu ft which is well 
suited to the lighter structural uses. 

Admixtures. This term is applied to substances other than cement, aggre¬ 
gates and water which are added to concrete mixtures for the purpose of 
imparting to the latter certain improved qualities. Hydrated lime, caldum 
chloride and many similar proprietary materials fall in this dassification. 
Where such substances are recommended for use in structural work it is eithei 
for the purpose of gaining a more impervious concrete, increasing the work¬ 
ability of the plastic mass, or as insurance against injury from frost. Admix¬ 
tures are used in floor finishes as accelerators and hardeners. 
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Materials such as hydrated lime may be added in percentages up to 8% 
by weight of cement. Such amounts generally benefit lean mixtures of con* 
Crete but tend rather to reduce than increase the strength of rich mixtures. 
Apparently, hydrated lime does not act to fill the voids in concrete except in 
so far as its addition may reduce the amount of water required in order to 
obtain a given workability. Hydrated lime and similar powdered admix¬ 
tures are added to the cement at the time of mixing. 

Calcium chloride alone and in combination with other substances is one 
of the most widely used of the various admixtures. This material, when 
applied in the form of flakes, also acts as a curing agent as it has the power of 
drawing moisture from the air. As an integral compound it is used in solu¬ 
tions up to 2% chlorine by weight of cement, and its principal function is to 
hasten the hardening of the concrete. The following statement, the result 
of a large number of tests, is abstracted from Bulletin 13 of the Lewis Institute: 

“ In the use of calcium-chloride no advantage was gained for percentages 
of the commercial product greater than 2 or 3% of the weight of cement 
(chlorine content 1 to l3 / 2%). This amount when used in mixes of about 1:5 
and in consistencies suitable for building construction, showed an increase 
in compressive strength of from 100 to 200 lb per sq in, which increase was 
practically constant at ages of two days to three years. For richer mixes 
and drier consistencies the strength increase was greater and for leaner mixes 
and wetter concrete it was less/' 

When calcium chloride or proprietary compounds are used in reiuforced- 
concrete work, it is important that the reinforcement be thoroughly embedded. 
It is not believed that the use of calcium chloride causes efflorescence. As 
certain brands of Portland cement harden four or five times as fast as others 
when incorporated with a solution of calcium chloride, tests should be made 
with the particular brand of cement intended for use before determining upon 
the specification. 

Cal, which is a product obtained by pulverizing a mixture of either quick¬ 
lime or hydrated lime, calcium chloride and water, is similar to calcium 
chloride in its application as an admixture. It gives considerably greater 
strength at the 2 and 7-day periods and practically the same strength at the 
28-day period. In using Cal the same precautions should be taken as in the 
case of calcium chloride. Cal is usually somewhat more expensive and pro¬ 
duces a slightly greater workability of the plastic concrete. 

At one time common salt was quite widely used as an admixture for the 
purpose of lowering the freezing-point of water, when concrete was to be 
placed under cold weather conditions. This practice is not to be recom¬ 
mended, as appreciable amounts of salt (over 5% by weight of cement) 
affect the strength of the concrete, and may cause the reinforcement to rust, 
and very probably will result in efflorescence. 

In general, it seems to be well established that calcium chloride, cal and 
similar admixtures manufactured by reputable dealers have a distinct value 
as accelerators. They are widely used in floor finishes for the purpose of 
permitting the finishing process to proceed more rapidly and in certain types 
of structural work to allow the earlier removal of forms. 

The value of admixtures for the purpose of hardening floor surfaces has 
also been widely accepted; there are excellent materials available for this 
purpose which have been demonstrated to give good results. 

Hydrated ume, kaolins, and celite represent a class of powdered admix¬ 
tures which are generally beneficial when used with concrete of the leaner 
mixtures, increasing the workability and impermeability. 

The use of admixtures to prevent concrete from freezing is usually a 
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futile procedure except in weather which is merely frosty. Real cold weather 
operations should be organized to provide for the heating of the materials and 
the protection of the concrete after depositing, as described later. 

3. Design of Reinforced-Concrete Construction 

Loads and Stresses 

Design Loads. The dead load is the weight of the permanent parts of 
the structure including all floors, roofs, walls, columns, stairs, partitions, etc., 
together with any specific surface finishes such as plaster, granolithic or 
wooden flooring or roofing. Table I gives the weights of materials ordinarily 
used in design to determine the dead load. 


Table I. Weights of Building Materials 


Materials 

Lb per 
cu ft 

Lb per 
sq ft 

Ashlar masonry, granite, gneiss. j 

165 


Ashlar masonry, limestone, marble. 

160 


Ashlar masonry, sandstone, blues tone. 

140 


Cinder-concrete fill . . 

60 


Cinder-concrete floor-arches. 

105 


Cinder fill, rammed in place. 

50 to 55 


Plain-stone or gravel concrete. 

141 


Reinforced-stone or gravel concrete. 

150 

. 

Common brickwork. 

120 


Pressed brickwork. . ... 

140 


Brickwork, 4-in with 4-in tile backing . . . 


60 

Brickwork, 4-in with 8-in tile backing. 


75 

Ceraent-mortar finish, 1 in thick. 


12 

Clay-tile partitions, 3-in. .... 


18 

Clay-tile partitions, 4-in. . 


19 

Clay-tile partitions, 6-in. 


25 

Clay-tile partitions, 8-in. 

.... - 

31 

Creosoted wood-block flooring, 3 in thick. 


15 

Gypsum partitions, 3-in, hollow. 


114 

Gypsum partitions, 4-in, hollow. 


144 

Hardwood flooring, 4 in thick. 


4 

Lime or gypsum plasters, 4 in thick. 


5 

Pine, spruce, or hemlock sheathing. 


2 4 

Roofing-felt, 3-ply, and gravel. 


5 4 

Roofing-felt, 4-ply, and gravel. 


6 

Roofing-felt, 5-ply, and gravel. 


6 4 

Roofing-ply, 3-ply, and slag. 


44 

Roofing-felt, 4-ply, and slag. 


5 

Roofing-felt, 5-ply, and slag. 


54 

Roofing-tile, laid in place, book-tile 2-in. 


12 

Roofing-tile, laid in place, book-tile 3-in. 


20 

Roofing-tile, laid in place, flat, cement. 


15 to 20 

Roofing-tile, laid in place, shingle-type, clay... . 


12 to 14 

Roofing-tile, laid in place, Spanish. 


8 to 10 

Skylights with M-in wire-glass and frame. 


74 

Slate, laid in place, H-in . 


94 

Slate, laid in place, H-in . 


144 

Slate, laid in place, 4-in. 


194 

Suspended ceilings, metal lath and cement plaster. . 


10 

Wall-tiles, 8-in. 


33 

Wall-tiles, 12-in. 

. 

45 
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The live load is the load in excess of its own weight which the structure is 
designed to carry, and includes all loads other than the wind and dead load. 
It is usually expressed as so many pounds per square foot of floor area and 
unless the specification calls for special concentrations, the design is made 
upon an assumption of a uniform distribution of load. On important work 
it is then desirable to check the design for the effect that would be produced 
by loading certain bays to the maximum and leaving others entirely unloaded. 
The present American practice is to combine live load with dead load in the 
design of concrete buildings except where it is necessary to provide for moving 
loads such as on crane ways. Tables II and III give the minimum require¬ 
ments for uniformly distributed live loads. 

Table II. Minimum Live-Load Requirements for Floors 
for Industrial or Commercial Occupancy 


From the Report of the Building Code Committee, Department of Commerce 


Buildings, structures, etc. 

Lb per sq ft 

Storage-purposes, general. . j 

250 

Storage-purposes, special. 

100 

Manufacturing, light . . 

75 

Printing-plants. .... ... 


Wholesale stores, light merchandise . . 

100 

Retail salesrooms, light merchandise 

75 

Stables. ... .. . 

75 

Garages, all types of vehicles. . 

100 

Garages, passenger-cars only. 

80 

Sidewalks, 250 lb per sq ft uniformly distributed or 8 000 lb 
concentrated, whichever gives the larger bending moment 
or shear. . 

. 


Table m. Minimum Live-Load Requirements 


From the New York City Building Code 


Buildings, structures, etc. 

Lb per sq ft 

Residences. . . 

40 

Places for assembly or for public purposes . 

100 

Classrooms of schools or other places of instruction. 

75 


50 

Floors of any other class not included above. 

120 

Roofs with a pitch of 20° or less. 

40 

Roofs with a pitch of more than 20°, measured on the pro- 

: 

jection on the horizontal plane. 

30 

Sidewalks betweeen curb and building. 

300 

Yards and courts inside the building-line. 

120 . 


The wind-load is the vertical component of stresses resulting from wind- 
pressure. In the design of industrial buildings wind-pressure is not usually 
an important consideration, but wind-pressure should be investigated for 
high buildings and for those of moderate height and extremely narrow width. 

Impact loads, such as those sustained by beams supporting elevator 
mechanism, are provided for by adding 100% to the actual known loads in 
the design of the supporting beams; this increment is either entirely dropped 
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Table IV. Unit Working Stresses for Static Loads 


Prom various building codes 



Working stresses, in lb per sq in 



1929, Philadelphia 


Classification of stresses 

1928 * 





San 

Propor- 

Propor- 

1930 


Fran- 

tionment 

tionment 

Boston 


cisco 

by arbi- 

by water/ 




trary 

cement 




volumes f 

ratio t 


Extreme fiber-stress in concrete in 





compression: 

In general. 

Adjacent to supports of continu- 

715 

650 

40% /'c 

715 

ous beams . 

875 

747 

45% f’c 

825 

Concentric compression in concrete 
Shearing-stress in concrete when 

495 

500 

25% fc 

495 

no steel is provided to resist 
diagonal-tension... 


40 

2 %fc 

44 

Vertical shearing-stress when the 





diagonal-tension requirements 
are satisfied. 

132 

120 

9% i fc 

132 

Bond-stress: 





Between concrete and plain bars 
Between concrete and deformed 

88 

80 

4 %fc 

88 

bars. 

110 

100 

5 %fc 

110 

Maximum tensile stress in steel re¬ 





inforcement .. . 

18 000 

18 000 

18 000 

18 000 

Maximum tensile stress in cold- 





drawn steel wire... 

20 000 ! 

i 


. 

22 500 


* Values based on a 28-day compressive strength of 2 200 lb per sq in, and correspond¬ 
ing to a mixture of one part cement to six parts of combined aggregate, where the coarse 
aggregate is of granite or trap-rock. The proportions are by volume of cement to the 
combined aggregates, measured separately. For example, a 1 : 2 : 4 mixture might also 
be referred to as a 1 : 6 mixture. 

t Values based on a 28-day compressive strength of 2 000 lb per sq in; proportions, 
one part of cement to six parts of combined aggregate. The amount of water, including 
the moisture content of the aggregate, is limited to 74 gallons per bag of cement. 

t The value of fc represents the 28-day compressive strength as determined by actual 
tests. The concrete is proportioned by the inspector. The following table gives the 
approximate quantities of combined aggregates, water ratios, and corresponding mini¬ 
mum 28-day strengths for the various mixtures. Water or moisture contained in the 
aggregates and ascertained by daily tests, is to be included in determining the amount of 
water corresponding to a required water-cement ratio. 

§ Beams with web-reinforcement and longitudinal bars having special anchorage. 


MM 

Water-cement ratio, United 
States gal per 94-lb sack 
of cement 

Assumed ultimate strength 
at 28 days 

1 : 8,4 


1 500 

l ; 64 


2000 

1 : 54 


2 500 

l : 5 

■■WHI 

3000 
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Table V. Unit Working Stresses from the Joint Code 



Allowable unit working stresses 
in lb per sq in 

Classification of stresses 

For any 
strength of 
concrete as 
fixed by 
test in ac¬ 
cordance 

When strength of con¬ 
crete is fixed by the 
water-cement ratio 
in accordance with 
code requirements 


with code 
require¬ 
ments 

30 000 

f\ 

/'«- 
2 0001b 
ft — 15 

ft — 

2 5001b 
rt-12 

f'c- 

30001b 

ft — 10 

Flexure: 

Extreme fiber stress in compression 

0.40 ft 

800 

1 000 

1 200 

Extreme fiber stress in compression 
adjacent to supports of continuous 
or fixed beams or of rigid frames. . 

0.45 ft 

900 

1 125 

1 350 

Shear: 

Beams with no web reinforcement 
and without special anchorage of 
longitudinal steel. 

0 02 /' c 

40 

50 

60 

Beams with no web reinforcement, 
but with special anchorage of lon¬ 
gitudinal steel. 

0 03 ft 

60 

75 

90 

Beams with properly designed web re¬ 
inforcement, but without special 
anchorage of longitudinal steel. 

0 06ft 

120 

150 

180 

Beams with properly designed web 
reinforcement and with special an¬ 
chorage of longitudinal steel. 

0.09 ft 

180 

225 

270 

Flat slabs at distance d from edge of 
column cap or drop panel. 

0.03 ft 

60 

75 

90 

Footings where longitudinal bars 
have no special anchorage. ... 

0 02 ft 

40 

50 

60 

Footings where longitudinal bars 
have special anchorage. 

0.03 ft 

60 

75 

90 

Bond: 

In beams and slabs and one-way 
footings: 

Plain bars. 

i 

0 04 ft 

80 

100 

120 

Deformed bars. 

0.05 ft 

100 

125 

150 

In two-way footings: 

Plain bars. 

0.03 ft 

60 

75 

90 

Deformed bars.. 

0 0375 ft 

75 

94 

112 

(Where special anchorage is pro¬ 
vided double these values in bond 
may be used.) 

Bearing: 

Where a concrete member has an 
area at least twice the area in 
bearing. 

0.25 ft 

500 

625 

750 
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Table V (Continued). Unit Working Stresses from the Joint Code 

The following unit stresses in reinforcing steel shall not be exceeded: 


Tension: 

Intermediate grade billet-steel. (fa) — 20 000 lb per sq in 

Rail-steel bars. ) ■■ 20 000 lb per sq in 

Web reinforcement. ( ft) ■■ 16 000 1b per sq in 

Structural steel shapes. . (/•) — 18 000 lb per sq in 

Other steel reinforcement 50% of the 

yield-point, but not to exceed. (/«) — 20 000 lb per sq in 

Compression: 

Bars . . nfe * 

Structural steel section in composite columns.. 15 000 lb per sq in 
Cast iron section in composite columns... .9 000 lb per sq in 


Special values are given by this code for fc in column design. 

Under special conditions of design and supervision & value of 0.12/'e is permitted 
for the unit shearing stress. 

• Values of n are taken from the preceding table. 

or reduced by for the secondary members such as the girders, or supporting 
columns. 

Soil loads are treated under the design of footings. 

Reduction of live loads in column design is treated under columns. 

Working Stresses. The present practice in this country is to design rein- 
forced-concrete members on a basis of the working stresses in the materials 
rather than on the ultimate stresses. Although many building ordinances 
still assume fixed values for concrete mixed in certain specified proportions, 
it is more logical, when preliminary tests can be made, to compute the work¬ 
ing stresses as percentages of the ultimate compressive strength actually 
developed at an age of 28 days. Our engineering societies have suggested 
this practice and recommended that the tests be made in accordance with the 
requirements of the American Society for Testing Materials (Serial Designa- 
nation: C39-25). Table IV gives unit working stresses for static loads taken 
from the codes of representative cities. Table V gives unit working stresses 
for static loads taken from the Joint Code.* 

Flexure Formulas for Reinforced-Concrete Members 

Concrete and Steel in Combination. As concrete is very much stronger 
in compression than it is in tension, it has become the generally accepted 
practice to provide steel reinforcement in the concrete to resist all of the 
principal tensile stresses developed by any system of loading. 

Steel is also used to resist compressive stresses in columns, in rectangular 
beams of limited cross-section, and in the webs of T beams to increase the 
resistance to negative bending moments over supports. Steel, however, is 
not as economical as concrete for this purpose and should be used to resist 
compressive stresses only when it is impracticable to increase the sectional 
area of the concrete. 

In a typical reinforced-concrete beam, all compression through the middle 
part of the 9pan is resisted by the concrete and all tension is assumed to be 
resisted by the steel. The compressive stress diminishes from a maximum fc, 

* Tentative Building Regulations for Reinforced Concrete recommended by the Ameri¬ 
can Concrete Institute and the Concrete Reinforcing Steel Institute: Proc. American 
Concrete Institute, Vol. 24, page 791. 
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in the concrete at the upper surface of the beam, to zero at the neutral sur¬ 
face, which lies a little above the center of the section. The tensile stress is 
considered to act with a uniform intensity /«, at the centroid of the longi¬ 
tudinal reinforcement. The resultant of the compressive stresses in the con¬ 
crete and the tensile stresses in the steel form the forces of a resisting mechani¬ 
cal couple. As the forces of a couple must be equal, the most economical 
beam is one in which the respective areas of steel and concrete are so propor¬ 
tioned that each will develop, simultaneously with the other, its full unit 
working stress. Rectangular beams and slabs are often designed accord¬ 
ing to this principle, the sectional area of the reinforcement being taken as a 
percentage of the area of the concrete. In the case of T beams, however, 
there is usually an excess of concrete and it would be wasteful to furnish an 
equivalent, and therefore excessive, area of steel. Consequently, the rein¬ 
forcement of T beams is usually designed independently of the concrete 
section. 

Fundamental Assumptions. The design of reinforced-concrete members 
is based on the following assumptions: 

(1) A plane cross-section of a beam, before bending, remains a plane 
section after bending. 

(2) The modulus of elasticity of the concrete in compression remains 
constant within the assumed working stresses and the distribution of com¬ 
pressive stress in beams is rectilinear. 

(3) Perfect adhesion exists between concrete and steel within the range 
of working stresses. 

(4) In calculating the moment of resistance of reinforced-concrete beams 
and slabs, the tensile resistance of the concrete is negligible. 

(5) The initial stress in the steel caused by contraction or expansion of 
the concrete is negligible, except in some column formulas. 

(6) The modulus of elasticity of concrete in computations for the position 
of the neutral axis, for the resisting moment of beams, and for compression of 
concrete in columns, is expressed by the formula: 

Eg 30 000 
n ” 1 000/'c ~ S'c 

Notation Used in Reinforced-Concrete Design. The following notation 
is used in this discussion. (See Fig. 1.) 

d ■■ effective depth of beam, distance from extreme fibers in compres¬ 
sion to center of gravity of tensile reinforcement in inches; 
b — width of beam or section of slab in inches; 

k — ratio of distance of neutral axis of cross-section from extreme 
fibers in compression to effective depth of beam; 
kd « distance of neutral axis from extreme fibers in compression in 
inches; 

j m ratio of distance between the center of compression of concrete 
and center of tension of steel to effective depth of beam or ratio 
of arm of resisting couple to d; 

jd m distance between center of compression in concrete and center of 
tension in steel or arm of resisting couple in inches; 
ft m compressive unit stress in extreme fibers of concrete in pounas per 
square inch; 

f"c • tensile unit stress in extreme fibers of concrete in pounds per square 
inch; 

/i - tensile unit stress in steel in pounds per square inch; 
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/'* - compressive unit stress in steel in pounds per square inch; 

At "• area of cross-section of main tensile reinforcement in square inches; 

Eg = modulus of elasticity of steel, in pounds per square inch; 

Ee ■» modulus of elasticity of concrete, in pounds per square inch; 
n - modulus of elasticity of steel divided by modulus of elasticity of 
concrete, or E a fE c ; 

Mg — resisting moment of reinforcement in inch-pounds; when com¬ 
puted on the basis of the full area of steel, As, times an assumed 
stress, /$; 

Mo • resisting moment of concrete in inch-pounds when computed on 
the basis of an assumed extreme fiber stress in the concrete, fc\ 

M ■■ bending moment in inch-pounds; 
p — percentage of reinforcement, or Aslbd. 

Working Formulas for Rectangular Beams and Slabs. The following 

formulas are based on the above assumptions. 

By assumption (1) the deformation in any fiber of a beam is proportional 
to its distance from the neutral surface, or from the neutral axis of the cross- 
section of the beam. Since, by assumption (2), the modulus of elasticity 



Fig. 1. Diagrams of Deformations and Stresses 


remains constant, the stresses are proportional to their deformations and 
hence these stresses also vary in proportion to their distances from the neu¬ 
tral axis. At the neutral surface of the beam, the stress is zero and on the 
compression side increases to a maximum value, f Ct in the extreme compres¬ 
sive fibers. 

A triangle of compressive stresses is thus formed, with the center of com¬ 
pression at one-third the altitude of the triangle measured from its base. The 
center of tension is at the center of gravity of the cross-section of the steel. 

In Fig. 1, A c and A a represent the maximum deformations in the concrete 
and steel, respectively, when the beam is in a state of flexure under any sys¬ 
tem of loading. The resultant compressive stress in the concrete is the sum 
of the varying compressive stresses, and its line of action is through the cen¬ 
ter of gravity of the triangle of stresses. Since the modulus of elasticity of 
each material equals the unit stress in the material divided by the corre¬ 
sponding unit deformation, 

unit stress 

Modulus of elasticity - - 77 - 

unit deformation 

Substituting, 

Transposing, 

A« - ~ and A, - ^ 
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By similar triangles, 

Ac kd 

As m (d - kd) 

Substituting the values found for A c and A«, 

fclEc kd j ± E a 

fs/Es " (d - kd) ° r fs X E e 


Substituting the value of n - 


_ _ j fc h 

“ d /,"»(!- *) 


Since the longitudinal reinforcement can develop a resisting moment 
equal to its sectional area A s , or pbd, multiplied by the unit working tensile 
stress, Js, times its lever arm, jd, it follows that 

M, - As X fs X jd or Ms - pbd Xfs X jd - pfsjbd* (2) 

Since the concrete can develop a resisting moment equal to the area of 
the cross-section in compression, kdb , multiplied by the average unit com¬ 
pressive stress, Afc, times its lever arm, jd , it follows that 

M e - kbd x l Afc Xjd or M c ~ l Afc jkbd * (3) 

Since the tensile stress in the reinforcement must be balanced by 
compressive stresses in the concrete, these two expressions may be 
placed equal to each other, hence 

Pfsjbd* - Afcjkbd * 

Canceling common factors 

2 f,P-fck or (4) 


Equating the values of y from equations (1) and ( 

ft 


— or k 2 = 2 pn (1 — k ) 
k 


k* -j- 2 pnk *■ 2pn 

Completing the square of the first number of this equation by adding (£«)* 
to both numbers, 

k 2 4- 2 pnk -+* (£w) a *• 4* ( Pn ) 2 

Extracting the square root of the first number of the equation, and indi¬ 
cating the operation for the second number, 

k + pn - ‘s/Tpn + (pn)* 

and _ 

* - VJpn + (/>»)« - pn (5) 

By this formula may be obtained the value of k , determining the loca¬ 
tion of the neutral axis, when p and n are known. 

From formula (2) by transposition, and by substituting M for M 9 

f M 


( 6 ) 
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Similarly from formula (3) 



(7) 


These formulas are used to check the stresses in the steel and con¬ 
crete, respectively, for members already designed. 

From formula (6), substituting As ■■ pbd, and transposing, 


By definition, 



( 8 ) 


As — pbd (9) 

These last are the two formulas for determining the cross-sectional 
area or the main tensile reinforcement to resist a given bending moment. 
Formula (8) is for general use. The value of j, corresponding to any given 
stresses and value of n, may be taken from Tables VI and VII. Although 
accurate only in the case that the amount of reinforcement is such that both 
steel and concrete develop simultaneously their full working stresses, the error, 
on the side of safety, is usually negligible. 

Formula (9) furnishes a means for determining the sectional-area of the 
reinforcement as a percentage, p , of the concrete section, bd. If the value 
of p is taken from Table VI or VII, the result will be to supply the exact 
amount of steel necessary to “ balance ” the concrete. This procedure is satis- 




Fig. 2. Stress Diagram and Cross-Section of a Reinforced-Concrete T Beam 


factory in the case of slabs and rectangular beams, or other members for 
which the concrete section has been determined by moment considerations. 
It is obviously inappropriate for the typical design of T beams or others where 
the entire concrete section is not needed for moment requirements. 

From formula (7), transposing, 

M - %/cjkbd i 
from which _ 

a ->/Sa-Vl » 

This is the formula for determining the depth of a slab or beam to 
resist A given bending moment without exceeding a specified unit stress 
in the concrete. If this formula is^ed, either formula (8) or (9) may be 
employed to determine the steel area. \ 

Working Formulas for T Beams. The design of T beams and T girders 
is divided into two classifications: first, that in which the neutral surface falls 
either within the flange or'at the bottom of it; and second, that in which the 
neutral surface falls within the web. See Fig. 2, 
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Table VI. Formula-Factors for Rectangular Beams and Slabs 

To be used in the following formulas: _ 

Depth of slab or beam, d — m \n£z 

M yifcjkb M Kb 

Area of reinforcement, A» **pbd 

, „ M 

and A* - ——■ 

f»jd 

Tensile stress in longitudinal reinforcement, ft = — 

pjbd* 

Compressive stress in concrete, fc — - 2 -~ 

jkbd* 

Ratio of moduli, n » 15 


Ratio of moduli, 



* The value of k applies to all types of beams, including T beams, 
t In members with compression-reinforcement, p becomes p\. 

In the first case, the design of concrete and reinforcement to resist the 
stresses due to bending moments is the same as for rectangular beams, and 
the preceding formulas apply. The width of the fiange, however, is used for 
the value of b, and the steel ratio p is based upon the total area bd. 
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Table VII. Formula-Factors for Rectangular Beams and Slabs 


To be used in the following formulas: 

Depth of slab or beam, d 

Area of reinforcement, A» 

and At 


Tensile stress in longitudinal reinforcement, /« 

Compressive stress in concrete, ] e 

Ratio of moduli, n 


4 


M 


Xfcjkb 

pbd 

M 

ftjd 


M 

Pjbd 2 
2 M 
jkbd 2 
12 



u 

Lb per sq in 

fc 

Lb per sq in 

k* 

■ 

Pt 

K 

16 000 

700 

0 344 

0 885 

0 0075 

106.7 


750 

0 360 

0 880 

0 0084 

118.8 


800 

0 375 

0 875 

0 0094 

131.3 


850 

0.389 

0 870 

0.0103 

144 0 


900 

0 402 

0 866 

0 0113 

157.0 


950 

0 415 

0 862 

0.0123 

170.0 


1 000 

0.428 

0.857 

0.0134 

183.5 

18 000 

700 

0.318 

0 894 

0 0062 

99 5 


750 

0 333 

0.889 

0 0070 

111.0 


800 

0 348 

0.884 

0.0077 

123.0 


850 

0.362 

0.879 

0.0085 

135.0 


900 

0.375 

0 875 

0 0094 

147 0 


950 

0 388 

0 871 

0 0102 

159 5 


1 000 

0.400 

0 867 

0.0111 

172.5 

20 000 

700 

0 296 

0 901 

0.0052 

WEEM 


750 

0.310 

0 897 

0.0058 



800 

0.324 

0.892 

0.0065 



850 

0.338 

0.887 

0.0072 

127.5 


900 

0.351 

0.883 

0 0079 

139.5 


1 000 

0.375 

0.875 

0.0094 

164.0 


* The value of k applies to all types of beams, including T beams, 
f In members with compression-reinforcement, p becomes p\. 


In the second case, which more often occurs, the following formulas apply. 
These are developed from the same fundamental assumptions as those used 
in the design of rectangular beams. 

Neglecting the amount of compression resisted by the web, 

Let t — total slab-thickness on either side of the web, in inches; 

z — distance from the compression-surface of the beam to the center 
of compression, in inches; 
b* - width of web in inches; 
b « allowable width of flange, in inches; 
p - Asfbd. 
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The remaining notation is the same as for rectangular beams and as pre¬ 
viously given. 


Then 


And 


kd - 


k - 


2 ndA $ -f* bfi 
2 nA s + I bt 

pn + (KKf/ffi 
pn -f- tjd 

3kd - 2/ w / 
* " 2 kd - t X 3 

jd — d — z 
1 


A - 


1 -f* / s Infc 


Mc-fcx(l-Tjj)xbtXjd 


fc - fskln (1 - k) 

M 


As - 


fsjd 


Formulas giving approximate results, but erring slightly on the safe side, 
are deduced by substituting ^d— for jd, and Q/^fc) for fc ^1 — 
in the more exact formulas,* as follows: 


"H) 


M c - 0A)U 

Or, if the bending moment is substituted for the resisting moment, 

2 M 


fc - 


44 ) 


And 


At - 


M 


H) 


Standard textbooks give more complicated formulas which take into con¬ 
sideration the compression resisted by the small portion of the web lying 
between the neutral axis and the flange, but the two last equations are the 
ones ordinarily employed in practical design for the purpose of determining 
the sectional-area of reinforcement required to resist the tensile stress devel- 

* See page 78, Concrete Building Construction, by Theodore Crane, published by 
John Wiley & Sons, Inc. 
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oped by the bending moment and to check the value of the extreme fiber stress 
in the concrete due to the same cause. 


Bending Moments 


Bending Moments on Beams and Girders. In concrete construction, owing 
to the monolithic character of the material, the bending moments both posi¬ 
tive and negative depend upon the degree of restraint at the supports. For 
instance, a simply supported beam, one merely resting on two supports, has 


WL 

a maximum positive moment at the middle equal to in-lb and no moment 

O 


at either support. In this formula W is the total uniformly distributed load 
in pounds and L the span in inches. If a beam is fixed at one end and simply 
supported at the other, the maximum positive bending moment is % L from 

WL 

the free end and its value is approximately —~ in-lb. A negative moment 

14.2 


WL 

equal to-y- in-lb is developed at the fixed end. 


Likewise, a beam fixed at 


both ends has a positive moment at the middle equal to -yy in-lb and a nega- 

WL 

tive moment at each support which is twice as great, or - — in-lb. 

A reinforced-concrcte beam which is continuous over a support always 
develops a negative bending moment over the support, and this is usually 
greater than the maximum positive moment which normally occurs near the 
mid-span. The following charts give the theoretical bending moments 
for the conditions indicated. The moment coefficients used in prac¬ 
tice should never be less than the theoretical moments and, in the case of 
positive moments, are usually taken considerably greater in order to provide 
for variations in live-load distribution except where fixed concentrations 
occur, as in girder design. For example, a series of fully continuous beams 
of equal and uniformly loaded spans has negative moments at supports equal 

WL . WL , 

to -yy and positive moments at mid-spans equal to yy (see diagram 1, 


Fig. 3); the general practice, however, is to use the same value, that is, yy 

for both positive and negative moments, as appears in the following recommen¬ 
dation. 

Design-Moment Coefficients. For special cases, design-moment coeffi¬ 
cients must be determined from a study of the theoretical moment diagrams, 
or worked out by the Theorem of Three-Moments, or other method for com¬ 
puting indeterminate stresses. For uniform loads and equal spans, however, 
the following design moments are recommended and represent present prac¬ 
tice except where an exception is noted. 

These recommendations are taken from the Joint Code published by the 
American Concrete Institute, Volume 24, page 807, proceedings of 1928. 


Let M - bending moment in inch-pounds; 

W - total uniformly distributed load on the member in pounds; 

L — span, in inches; 

I - moment of inertia of a cross-section of a beam, girder, or column 
about the neutral axis for bending in biquadratic Inches; 
h m uusupoorted length of a column in inches. 
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The span length of freely supported beams and slabs shall be the clear span 
plus the depth of beam or slab, but shall not exceed the distance between cen¬ 
ters of the supports. The span length for continuous or restrained beams 
built to act integrally with supports shall be the clear distance between faces 
of supports. 



Diagram 2. Four-Span Continuous Beam with Simply-Supported Ends. 




Diagram i. Two-Span Beam, Each Span Semi-Continuonc. 

Fig. 3. Theoretical Bending-Moment Diagrams, All for Uniform Loads and Equal 

Spans 

Moment coefficients for freely supported or slightly restrained 

CONTINUOUS BEAMS Or SLABS OF APPROXIMATELY EQUAL SPAN: UNIFORM 

load. Beams and slabs of approximately equal spans, freely supported or 
built to act integrally with beams, girders, or other slightly restraining 
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supports, or beams and slabs built into brick or masonry walls in a manner 
which develops only partial end restraint, and carrying uniformly dis- 


+0.13 PL +0.18 PL +0.13 PL 



-0.13 PL —0,13 PL -0.18 PL —0.13 PL 

Diagram 5. Three-Span Continuous Beam with Fixed Ends. 
Single Concentrated Load P at the Middle of Each Span 


+0.11 PL 


+0.11 PL 


Fixed 


Fixed 



-0.22 PL 


-0.22 PL -0.22 PL 

Diagram 6. Three-Span Continuous Beam with Fixed End*. 
Concentrated Loads P at the Third-Points of Each Span 


— 0.22 PL 


+0.08PL +0.00 PL j-O-MPj- w . 

Fi xed^p ^Coettono^p P^ilmouM^P PA ^ 


Diagram 7. Three-Span Continuous Beam with Fixed Ends. 
Concentrated Loads P at the Quarter-Points of Each Spaa 



+0.12 PL 


+0.12 PL 


+0.1TPL 


^\^Continuoas^^S^^ntlnuous^^^^jOontlnnous / 





-0.18 PL -0.11 PL -0.10 PL 

Diagram 8. Four-Span Continuous Beam with Simply-Supported End*. 

Single Concentrated Load P at the Middle of Each Spaa 

Fig. 4. Theoretical Bending-Moment Diagrams, All for Concentrated Loads and 

Equal Spans 


tributed loads, shall be designed for the following bending moments at 
critical sections: 
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+0J8PL +0.16 PL 



Concentrated Load P at the Middle of Each Span 


+0.18 PL +0.10 PL + 0.18 PL 



Diagram 14. Three-Span Continuous Beam with Simply Supported Ends. 
Concentrated Load P at the Middle of Each Span 



+0.31 PL +0.31 PL 



Fig. 6. Theoretics} Bending-Moment Diagrams, All for Concentrated Loads and 

Equal Spans 
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(1) Beams and slabs of one span, 

Positive moment near center, 

(2) Beams and slabs continuous for two spans only, 

Positive moment near center, 

1 10 

Negative moment over interior support, 

M 

M 8 

(3) Beams and slabs continuous for more than two spans. 

Positive moment near center and negative moment at support of 
interior spans, 

j* 

12 

Positive moment near centers of end spans and negative moment 
at first interior support, 

if 

M ~ 10 

(4) Negative moment at end supports for cases (1), (2), and (3) of this 

section, 

w , , WL 

M - not less than —• 

24 


Moment coefficients for fully restrained continuous beams or slabs 
of approximately equal span: uniform load. Beams and slabs of 
approximately equal spans built to act integrally with columns, walls, or 
other restraining supports and assumed to carry uniformly distributed 
loads, shall, except as provided above, be designed for the following bending 
moments at critical sections: 


( 1 ) 


Interior spans; 

Negative moment at interior supports except the first. 


M 


WL 

12 


Positive moment near centers of interior spans, 


M 


WL 

16 


(2) End spans of continuous beams or slabs, and beams or slabs of one 
span; 

Where IjL is less than twice the sura of the values of Ijh for the 
exterior columns above and below which are built into the beams: 

Positive moment near center of span and negative moment at 
first interior supports, 


Negative moment at exterior supports, 


M 


WL 

12 
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Where IfL is equal to or greater than twice the sum of the values 
of Ijh for the exterior column above and below which are built 
into the beams: 

Positive moment near center of span and negative moment at 
first interior support, 


Negative moment at exterior support, 


M 


WL 

16 


In this section, I represents the moment of inertia which, for these calcu¬ 
lations, shall be computed on the assumption that the member is homogeneous, 
neglecting the reinforcement, but including that portion of the concrete 
section outside of the reinforcement which is ordinarily considered as fire¬ 
proofing. 

Moment coefficients for continuous beams or slabs of unequal 
spans or with non-uniform loads. Continuous beams with substantially 
unequal spans, or with other than uniformly distributed loads, whether 
freely supported or restrained, shall be designed for the maximum moments 



Fig. 7. Load-Distribution in Slabs with Two-Way Reinforcement 


resulting from the most severe probable combination of loading and 
restraint. Provision shall be made where necessary for negative moment 
near the center of short spans which are adjacent to long spans, and for the 
negative moment at the end supports, if restrained. 

In order to conform with the notation of the text, W has been substituted 
for wl in the equations. 

Bending Moments on Slabs. The bending moments used for uniformly 
loaded beams apply also to uniformly loaded slabs having one-way reinforce¬ 
ment. If two-way reinforcement is employed, the amount of load carried in 
each direction is determined by the chart in Fig. 7. Using the correct pro¬ 
portion of load, the two systems of reinforcement are independently designed. 
Even in the case of two-way designs, most building codes still require that 
the bending moments for simply supported spans be computed as equal to 


WL 


W L 

for semi-continuous spans as — and for fully continuous spans 


WL 

12 




1136 Reinforced-Concrete Construction [Chap. 23 

in which W - total load on the slab (including the weight of the slab) carried 
in the direction considered; 

L -» span length as defined for beams expressed in inches, as the 
result is to be in inch-pounds. 

It has been amply demonstrated, however, that where two-way reinforce¬ 
ment is employed on panels which are square, or nearly square (see the limita¬ 
tions shown in the chart in Fig. 7), the bending moments are lessened by 
reason of flat-plate action and the values given above may be safely reduced 
by approximately 30%. It is true that the building ordinances of many of 
our larger cities permit such a reduction for proprietary systems which 
have gained their acceptance through submitting empirical data, and there 
is no reason why this same reduction should not also apply to solid concrete 
slabs. 

Shear and Diagonal Tension 

Working Formula for Shearing-Stresses. Diagonal tension is a combina¬ 
tion of horizontal and vertical shear For practical purposes the latter is 
taken as a measure of the diagonal tension which a beam is designed to resist. 
The general formula used for the design of slabs, beams, and girders, as con¬ 
trolled by shearing-stress, is derived as follows: 

V «■ total vertical shear at the section considered, in pounds; 
v “ unit shearing-stress at the section in pounds per square inch; 
j mm 0.875 (an approximation used for shear-computations); 
b width of beam for rectangular beams, and width of web for T 
beams, in inches; 

d — effective depth of beam in inches. 



Fig. 8. Diagram of Shearing Stresses in a Reinforced-Concrete Beam 

The intensity of the unit shearing-stress on any vertical section taken 
through a beam varies from a value of zero at the extreme fiber on the com¬ 
pression-face, to a maximum value at the neutral surface. As the tensile 
value of the concrete is neglected in computation, the intensity of the shearing- 
stress is considered as if it were constant from the neutral surface of the beam 
to the centroid of the reinforcement. Fig. 8 illustrates this condition. 

The portion of the beam shown in the illustration is considered to be cut 
by two vertical planes normal to the side of the beam. These planes are 
separated by only a short distance, x, which is so small that the value of the 
external shear, V, is practically the same for each section. As the reinforcement 
is assumed to resist all tensile stress, the resultants of all tension on the two 
adjacent planes may be represented by T and T f , acting in the plane of the 
steel. Similarly, C and C may represent the resultants of all compressive 
stresses acting above the neutral surface. On any horizontal section between 
the neutral surface and the reinforcement, the increase in stress between the 
two vertical planes, x distance apart, is T — T'. This horizontal shear is 
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resisted by the concrete over an area equal to xb, where b is the breadth of 
the beam. 

The unit shearing-stress is then, v - T — T’fbx . Since the section must 
be in equilibrium, the sum of the moments about the point o must equal zero 
and (r - V) jd - Vx, or T — T' - Vxfjd. Substituting in the equation, 
above, 

v — Vxfbxjd 

Or, canceling the x, 

v - V/jbd - VI.875 bd 

The use of this equation is to check the unit shearing-stresses on 
slabs and rectangular beams or girders, the sizes of which are normally deter- 
mined by bending moment considerations. In the form 

d - ~ r T - V/.&7S vb 
ycb 

the equation is used in the direct design of T beams, the maximum allow¬ 
able value being substituted for v. It should be noted that the depths of 
T beams are usually determined by shear, owing to the fact that the amount 
of concrete provided by the floor construction is normally more than sufficient 
to resist the compressive stresses due to moment. 

Working Formulas for Web-Reinforcement. The design of the web- 
reinforcement consists in determining the size and spacing of stirrups in 
connection with the inclined portions of the main tensile steel. The point 
at which the longitudinal reinforcement is raised should be determined by 
moment considerations, but the bars usually cross the beam at sections 
where web-reinforcement is required and are, consequently, serviceable as 
such, thereby reducing the number of stirrups. 

The design of web-reinforcement is not standardized. Some building 
ordinances demand that steel be provided to take two-thirds of the 
total shearing-stress at all sections where such exceeds the value per¬ 
mitted for plain concrete; others allow the concrete to carry its permitted 
stress at all sections and require that steel be used only for the excess. 
If the latter method is used, 

Let v ' — allowable unit shearing-stress resisted by the concrete alone, in 
pounds per square inch; 

V — total vertical shear at the section considered in pounds; 

A s — cross-sectional area of stirrups, or of inclined portion of double¬ 
bend rods, in square inches. In a U-shaped or W-shaped 
stirrup, this is the total cross-sectional area of all legs; 
b ~ width of beam in inches for rectangular beams, and width of 
web for T beams; 

d - effective depth of beam in inches; 
j ■■ 0.875 (an approximation used for shear-computations); 
ft - allowable unit tensile stress in stirrups in pounds per square inch; 
s - spacing of stirrups in inches. 

Then, if v'bjd represents the total shearing stress carried by the concrete, 

fsjdAs 

- (V - ifbjd) 

If it is required that the reinforcement be designed to take two-thirds of 
the total shearing stress, the formula becomes 

3 
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These formulas apply to vertical stirrups; inclined stirrups or inclined 
bars may be designed or their effective areas may be checked by the same 
formulas, merely introducing the sine of the angle of inclination to the hori¬ 
zontal as a multiple of the shear. 

When designing stirrups, it is customary to choose either a % or J^-in 
round rod, and to determine upon either a U or W type: A s is then known 
and the spacing is computed by the above formulas. The maximum spacing 
for stirrups should be limited to % times the depth of the beam. This is 
also the maximum distance through which the inclined portion of a longi¬ 
tudinal rod, or several rods, bent at the same section, may be considered 
effective as web-reinforcement. Stirrups should encircle the main longitudi- 



Fig. 9. Diagram of Web-Reinforcement in a Rectangular or T Beam 


nal reinforcement and all free ends should be anchored by hooks. (See 
Fig. 9.) 

Anchorage of Reinforcement. In the design of concrete structures it is 
often necessary to anchor reinforcing bars. The length of embedment 
required to develop the strength of a rod is based upon pull-out tests and 
naturally depends upon the tensile strength of the steel, the character of its 
surface and the quality of the concrete in which it is embedded. The following 
formula is generally accepted as giving the length of embedment in inches 
required to develop the full working stress in reinforcing bars: 

i - (M) 

in which /$ is either the tensile or compressive stress in the steel in pounds 
per square inch, i the diameter of a round rod or the side of a square bar in 
inches, and u the permissible bond stress, usually 80 lb or 100 lb per sq in, 
depending upon whether plain steel or deformed steel is used. Although the 
formula contains no factor representing the character of the concrete, it is 
assumed to be such as would give an ultimate compressive strength of 2 000 lb 
per sq in at an age of 28 days. 

Substituting values in the above formula shows that an embedment of 
50 diameters (or side of a square bar) is required to develop a working stress 
of 16 000 lb per sq in in a steel rod or bar; if the steel stress is 18 000 lb per 
sq in, an embedment of 56 diameters is required for plain steel and 45 diam¬ 
eters for deformed rods or bars. 

It is customary to use this same formula to determine the length of laps 
WHEN splicing reinforcement. Although square bends are generally used, 
as such are easier to make, heavy reinforcing bars should be bent to a radius 
of 4 diameters as illustrated. In general, bends are designed as a 
matter of insurance where there is a possibility of unexpected load condi- 
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tions developing a greater stress in a reinforcing bar than the embedment up 
to that section would permit it to carry. 

Working Formulas for Bond. As the tensile stresses in the longitudinal 
reinforcement of a beam increase toward the sections of maximum bending 
moment, the increment must be transmitted to the concrete, and bond 
stresses are developed along the surface of the rod or bar. To resist the 
tendency of the steel to pull loose from the surrounding concrete there are both 
the grip due to the initial shrinkage of the concrete in hardening and the 
frictional resistance of the rod against slipping, which latter is considerably 
higher for the deformed types 

The bond stress is a function of the external vertical shear at the 
section considered, and general practice accepts the following formula: 

V 

" “ 'Zojd 

in which u — unit bond stress in pounds per square inch; 

V « total shear at the section, in pounds; 

2 o — the sum of the perimeters of all horizontal rods under tensile 
stress at the section considered, in inches; 
j - 0.875 (an approximation used for shear-computations); 
d — distance from extreme fibers in compression to center of 
gravity of tensile reinforcement, in inches. 

Limiting values for the bond stress, usually 80 lb per sq in for plain 
rounds or squares, and 100 lb per sq in for deformed rods or bars, are given 
by all building ordinances and design standards. The bond stress should be 
tested at critical sections which, in continuous or restrained beams, are 
usually considered to be at the faces of the supports for the tensile steel 
near the top of the beam. In simply supported beams, or freely supported 
end spans of continuous beams, the critical sections are considered to be 
at the faces of the supports, and the 2 o is the sum of the perimeters of the 
rods carried straight through into a support in the bottom of the beam. 

Some standards, such as the Joint Code (1928), recommend that, for con¬ 
tinuous and restrained beams, bond stresses be tested at the point of inflec¬ 
tion, ordinarily about the fifth point of the clear span, as well as at the sec¬ 
tions described above. When this is done, however, a somewhat greater 
value is allowed for u provided that the reinforcement is securely anchored. 

External Shears. The external vertical shear at any cross-section of a 
slab, beam, or girder, is determined by considering all the loads and reactions 
on either the right or left of the section under design and disregarding those 
on the other side. The loads are considered negative and the reactions posi¬ 
tive and their algebraic sum is the shear at the section. The maximum 
vertical shears, V, occur immediately at the right or left of the supports and 
the numerical sum of the positive and negative shears at any support is 
the reaction at that support. 

For all uniformly or symmetrically loaded members, these maximum posi¬ 
tive or negative shears are equal to one-half the span load, IF, provided the 
condition of support is similar at both ends of the member under design. If 
one end of a beam or girder is continuous and the other end simply supported, 
which condition often exists in the end spans of a series of continuous beams, 
the shears at the ends of the exterior beam will not be equal, as may be seen 
by referring to Fig. 10. 
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The vertical shears for simply supported members unsymmetrically 
loaded are found by taking moments about either support and computing 
the reactions. The vertical shear at any section is then equal to the sum of 
the reactions minus the sum of the loads to the right or left of the section. 


o.*w 






fflMH 
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Fixed Continuous Continuous Continuous Fixed 

Diagram 1. Shear-Diagram for a Four-Span, 

Uniformly Loaded Continuous Beam, with Fixed Ends. 



Diagram 2. Shear-Diagram for a Four-Span, 

Uniformly Loaded Continuous Beam, with Simply-Supported Ends 



Diagram 3. Shear-Diagram for a Three-Span, 

Uniformly Loaded Continuous Beam, with Simply-Supported Ends. 



Diagram 4. Shear-Diagram for a Two-Span. 

Uniformly Loaded Semi-Continuous Beam, with Simply-Supported Aide. 

Fig. 10. Theoretical Shear Diagrams, All for Uniform Loads and Equal Spans 



FW 11. Theoretical Shear Diagrams. All for Concentrated Loads and Equal Spans 
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The vertical shears on continuous and restrained members supporting 
heavy, unsymmetrical loads are determined after the negative bending 
moments at the supports are found by the Theorem of Three Moments. 

The Design of Rectangular Beams 

Choice and Distribution of Reinforcement in Beams and Girders. The 

number and size of rods or bars are selected to give the required sectional 
area as closely as possible. There is no particular choice between round and 
square steel, but the design is somewhat neater if the two are not mixed on 
the same portion of the work. The choice between plain rounds and 
squares, or deformed rods or bars, depends upon the bond stresses used in 
the design. If the higher values are desired, deformed bars should be used, 
otherwise plain steel is just as satisfactory. When designing a series of uni- 



Fig. 12. Typical Beam-and-Slab Construction 


formly loaded, continuous beams of equal, or nearly equal spans, it is desirable 
to choose an even number of rods for the reason that present-day practice 
generally requires, under such conditions, equal positive and negative design 
moments. This choice permits raising 50% of the reinforcement at the 
fifth point of the clear span on all series of uniformly loaded beams 
where adjacent members have approximately equal spans and equal loads. 

The main longitudinal reinforcement should be raised at an angle 
varying between 30° and 45° to the horizontal (Fig. 13), carried over supports 
on continuous work a distance equal to ^ of the adjacent span, or properly 
anchored into the supporting member on non-continuous spans. 

When designing rectangular beams and slabs it is usually desirable to 
employ the exact amount of steel that will “balance” the required concrete; 
thi9 usually results in a sectional area of about to %q% computed on the 
breadth of the beam times its effective depth. In the design of T beams, 
however, there is usually an excess of concrete, and the percentage repre¬ 
sented by the area of the longitudinal steel, divided by the sectional area of 
the concrete, has no particular significance. 

The same general principles apply when selecting the reinforcement for 
girders supporting symmetrical loads, or others subjected to unsym¬ 
metrical concentrations. Ip order to locate the point at which a portion of 
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the longitudinal reinforcement may be raised, as the steel approaches a sup* 
port, it is necessary to construct the bending-moment curve and to determine 
the area of the steel required at the various sections. In general, it is desir¬ 
able to carry reinforcing bars about 6 in beyond the section at which they 
are needed. For instance, in a girder supporting beams framing in at the 
third points of the girder span, 50% of the main longitudinal steel is raised 


r^A 



Fig 13. Diagram of a Single Span, Rectangular Beam 


about 6 in from the face of the beam, on the side toward the adjacent support. 
(See Fig. 14) 

Spacing and Protection of Reinforcement in Beams and Girders. There 

should be a clear distance between rods lying in the bottoms of beams, 
in the same horizontal plane, equal to lj^ times the diameter of a round rod 
or lH times the diagonal of a square bar, unless the steel is thoroughly 
anchored. Satisfactory anchorage may be obtained by means of hooking 




urn 


m 




J2S8L ! A<J 4*V W! 

-ro"-- ^ --7 '0---f’O"--w Section A-A 

-21'0—->| 

Longitudinal Section through Girder P" 8 * - * 


Fig. 14. Typical Design of a Fully Continuous Rectangular Girder Carrying 
Concentrated Loads 


the bars into supporting members at beam terminations, or, for continuous 
beams, by carrying the negative reinforcement over the tops of supports and 
into the adjacent beams a distance of at least H of the span. If such pro¬ 
vision is made, the clear spacing between rods may be taken as the diameter 
of a round rod or as the diagonal of a square bar, but never less than 1 in or 
1 times the maximum size of the coarse aggregate. (See Fig. 15.) 

Although it is occasionally necessary to put in two or more layers of steel* 
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particularly in large girders carrying heavy loads, it is usually more econom¬ 
ical to slightly widen a beam, thereby permitting all of the main tensile rein¬ 
forcement to lie in the same plane. If more than one layer is used the clear 
vertical distance between two layers of rods, or bars, should be taken at a 
minimum of 1 in or 1)4 times the maximum size of the coarse aggregate. 

The thickness of the protective concrete required around the rein¬ 
forcement depends upon the type of exposure. The fire risk normally 
demands l}^ in between the face of the concrete and the face of the steel 




Minimum widths for beamst 

2 rods or bars, 6" 

3 rods or bars, 8" 

4 rods or bars, 10" 

Minimum widths for glrdiarai 

2 rods or bars, 7" 

3 rods or bars, 9" 

4 rods or bars, 1X V 


X u clear! 


~F° r girders 2J4*'+bar diameter 
£.r X For ^ ama 2"*f bar diameter 
— 2 ,f for girders 


K 12n "*! for beams 


Fig. 1$. Typical Beam and Girder Sections 


on beams and walls; this distance may be reduced to 1 in, or even % in, for 
dabs and should be increased to 2 in for columns. Under ground, all rein¬ 
forcement should be surrounded by at least 3 in and preferably 4 in of con¬ 
crete. On exterior work it is recommended that a 2-in minimum be 
employed wherever the size of the unit or member permits such a thickness of 
protective covering. One in of good concrete should be adequate, but there 
is always the danger of inferior workmanship resulting in permeability. The 
slightest moisture entering as far as the reinforcement will cause rusting and 
rapid disruption of the surface. 

Design Procedure for Rectangular Beams and Girders. (1) Determine 
the width, b, of the beam or girder large enough to accommodate the prob¬ 
able reinforcement, including the necessary fire protection, as stated in the 
preceding paragraph. Compute the weight of the beam on a basis of the 
assumed width and a total depth estimated as equal to lJi in for each foot 
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of dear span and 2 in for fireproofing. The dear distance between supports 
should not exceed 32 times the width of the compression flange. 

(2) Determine the maximum bending moments at the supports for con¬ 
tinuous or restrained beams and near the mid-spans for those simply sup¬ 
ported, as described under Bending Moments. Compute the depth, d, by 
the formula, 



in which d - effective depth of beam; distance from compression face to 
center of tensile reinforcement, in inches; 

M the moment in inch pounds; 

K » a factor corresponding to the stresses employed and obtained 
from Tables VI and VII; 

b — the width of the beam in inches as assumed in (1). 

(3) Compute the area of the main tensile reinforcement by the formulas. 


As 


pbd or 


As 


JL 

fsjd 


in which A s — steel area in square inches; 

P - the balancing percentage of steel obtained from Tables VI 
and VII; 

M , 5, and d are as noted above; 
fs — steel stress in pounds per square inch; 
j - ratio of arm of resisting couple to d, obtained from Tables VI 
and VII. 


(4) Determine the maximum shear, V, as described under Shear and Diag¬ 
onal Tension. This is equal to one-half the load, W, for uniformly or sym¬ 
metrically loaded members, except as influenced by the conditions of end 
support. In the case of unsymmetrical loads, the shears are determined by 
finding the reactions. Compute the value of the maximum unit shearing- 
stress by the formula, 

V 

V " jbd 

in which v - unit shearing-stress in pounds at the section where the shea* 
(F) is computed; 

V - total vertical shear at the section considered, in pounds; 
j — 0.875 (an approximation used for shear-computations); 
b and d are as noted above. 

If this value is more than that ordinarily allowed for concrete without wel) 
reinforcement (40 to 60 lb per sq in), stirrups or bent bars are required. 

(5) Design the web-reinforcement, determining, first, the distance from 
the support through which either stirrups or bent bars are required. For 
uniformly loaded beams this distance, z, is given by the formula. 



in which L - span of beam in feet; 

v'm allowable unit shearing-stress on plain concrete, usually 40 lb 
per sq in; 

v «■ actual unit shearing-stress as found under (4). 
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For girders, or beams with concentrated loads, v, the unit shearing-stress, 
should be computed at various sections and web-reinforcement used where its 
value exceeds that permitted for plain concrete. Assume a diameter for the 
stirrup steel which should not exceed of the beam depth. This usually 
results in a choice of %-in round rods for ordinary work and in round 
rods for very heavy girders and footing beams. The stirrup spacing is then 
found by the formula, 


fsjdA s 
(V - v'bjd) 


in which s — spacing of stirrups in inches; 

Ag — sectional area of the stirrup steel; for instance, if a %-in 
round rod is used, the area of which is equal to 0.11 sq in, 
Ag for a U-shaped stirrup would be 0.22, and for a W- 
shaped stirrup 0.4*. 

The other factors are as noted above. 


Having determined the minimum spacing, which occurs adjacent to the 



face of the support. If 50% of the main longitudinal reinforcement is raised 
at the fifth point of the clear span, the bent rod or rods may be considered to 
act as web-reinforcement through a distance along the beam equal to % the 
depth d. Inside of this section, toward the support, the stirrups should be 
spaced approximately s distance apart. If the formula indicates that 
additional stirrups are needed beyond the section covered by the bent rods, 
one or two stirrups may be placed at a spacing not to exceed % the depth of 
the beam. It is not customary to place stirrups through the central portions 
of uniformly loaded beams nor elsewhere in sections where the unit shear¬ 
ing-stress is under the limit allowed for v (usually 40 or 60 lb per sq in). 

(6) Check the bond stress by the formula, 

V 

U Xojd 

in which . u — unit bond stress in pounds per square inch; 

V — total vertical shear in pounds at the support or other section 
under investigation; 

So *• sum of the perimeters of all rods in the tensile side of the 
beam at the section considered; 
j and d are is noted above. 

The Value of u is generally limited to 80 lb per sq in for plain steel and 100 lb 
per sq in for deformed rods or bars. If the bond stress is over the allowable 
limit, reduce the size of the rods, thereby increasing their number, or deepen 
the beam. 

(7) Specify the length of laps, location of hooks for anchorage and the 
position of bends. 


Typical Design of a Rectangular Beam, Fig. 16 

Specification data: fa - 16 000 lb per sq in 

fe - 650 lb per sq in (over supports increased 15%) 
v' - limited to 40 lb per sq in 
v ** limited to 150 lb per sq in 
u m limited to 80 lb per sq in (plain rounds or squares) 
n m 15 
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Uniformly loaded beam with ends fully continuous. 

Span — 20 ft between faces of supports 

Load — 25 000 lb (exclusive of the weight of the beam) 

(1) Assume 6-10 in. Estimating the effective depth, d, as in for 
each foot of span, and adding 2 in for fireproofing below the center of the 
reinforcement in protection) the total depth is 27 in and the total uni¬ 
formly distributed load is 

27 v 10 

W - 25 000 + --- X 20 X 150 - 30 625 lb 

144 


in which 150 is the weight, in pounds, of 1 cu ft of concrete. 



Fig. 16. Typical Design of a Fully-Continuous Rectangular Beam 


(2) By formula 

M - irX/12 - (30 625 X 20 X 12)/12 - 612 500 in-lb 
By formula 

. / If / 612 500 „, o . 

'“V«- Vx07.6 xl 0 - 2 ' J - 8,n 

23.8 + 0 5 4* 1.5 - 25.8 Accept a value of 26 in for the total depth. 

(3) By formula 

As - pbd - 0.0077 X 10 X 23.8 - 1.83 sq in 

Accept 4%-in rounda (/l* — 1.76 sq in). Two of these rods are raised at 
the fifth-points of the dear span at an angle of 30° to the horizontal. 

(4) The maximum shear 

V - 30 625/2 - 15 312 lb 

By formula 

v - Vljbd - 15 312/0.875 X 10 X 24 - 73 lb per sq in 

(5) By formula 

* - | X ^1 - ^ - 10 X (l - - 4.52 ft or 4 ft 6 in 

as the distance out from the face of the supports to the section where the shear 
can be carried by the concrete alone and web-reinforcement is unnecessary. 
By formula 

fsjdAs 16 000 X 0.875 X 24 X 0.22 

* “ V — t/bjd " 15 312 - (40 X 10 X 0.875 X 24) " ' “ 



1148 


Reinforced-Concrete Construction 


[Chap. 23 


The first stirrup is placed at a distance of 5 in (A s) from the face of the 
support. Three more stirrups, placed 10 in apart, provide web-reinforcement 
out to the section where the bent rods are effective. Beyond this section, 
as shown by the equation above, none is needed. 

(6) By formula, the bond on the negative reinforcement at the face of the 
support, 


V 15 312 

Zojd “ (4 X 2.30) X 0.875 X 24 


77 lb per sq in 


in which 2.36 is the perimeter of the %-in rods (sec Table VIII), there being 
two raised from the beam under design, and two others from the adjacent 
beam with which it is continuous. It is not necessary to use deformed rods. 

(7) The straight bars are carried to the center lines of columns and the 
double-bend rods are lapped to the fifth-points of the adjacent spans. It is 
generally desirable to hook the terminations of the bent bars. Hooks are not 
usually required at the terminations of the straight bars of continuous beams. 


The Design of Slabs 

Load Distribution on Slabs. Concrete slabs, forming a structural floor 
between beams or bearing partitions, are usually comparatively narrow. 
Their length, depending upon the arrangement of the supporting members 
and the building dimensions, is usually two or three times their width. 
Under such conditions, the reinforcement running across the shorter dimen¬ 
sion of the slab should be designed to carry the entire load, and so-called 
temperature steel, comprising %-in rounds spaced at 1 ft 6 in on centers, 
is considered adequate in the longer direction. In some types of buildings, 
however, it is practicable to use panels that are square, or nearly so, and then 
it is necessary to determine, by reference to Fig. 7, the proportion of the 
load per sq ft that may be assumed to be distributed in each direction. 
Building ordinances vary in their requirements, but all demand definite pro- 
portionment for panels where the longer dimension is equal to, or less than, 
\A times the short dimension. Where this condition occurs, computations 
are made for each direction: the larger slab thickness is used, and the rein¬ 
forcements designed to resist the bending moments in each direction. 

On square panels, with supports of equal rigidity, the live and dead loads 
are equally distributed in both directions and the reinforcement' ire the same 
each way except as affected by the fact that one set of rods must of necessity 
lie on top of the other, thereby requiring a slightly greater sectional area to 
give the same resisting moment, owing to the reduced depth. This matter is 
practically negligible except in very thin slabs where the thickness of a rod, 
assumed as A in, makes an appreciable difference. 

The design procedure is substantially the same for slabs with either one- 
way or two-way reinforcement except that there is no proportionment of 
load in the former case and computations are made for only one direction. 
Knowing the load per sq ft, the total load on a strip of slab 1 ft wide, extend¬ 
ing from support to support, is obtained by multiplying the unit load by the 
span. This strip is then treated as a rectangular beam,* the breadth, b, 
being 12 in. The bending moments in one or two directions, depth of slab, 
and steel areas are found as explained in the following procedure. 

Design Procedure for Concrete Slabs. (1) Assume a slab thickness equal 
to approximately A in for each foot of clear span. Using this thickness 
to determine the dead load, add the weight of floor finish and live load, obtain¬ 
ing a total load per sq ft of slab area. 
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(2) Determine the proportion of the load carried in each direction by refer¬ 
ence to the chart, Fig. 7. Using the percentages taken from the chart, deter¬ 
mine the total load on a strip 1 ft wide, for both the long and short spans. 

(3) Compute the maximum bending moments, on a strip 1 ft wide, for 
each span by using the same formulas as applied to beams. 

(4) Using the larger of the two bending moments, or the single moment 
found in the case of one-way reinforcement, determine the depth d by the 
formula 



in which d - effective depth of slab, distance from compression face to 
center of tensile reinforcement, in inches; 

M ■■ bending moment in each direction in inch-pounds; 

K = factor obtained from Tables VI and VII; 
b m the width of the strip of slab taken for purposes of design; 
12 in. 

The total thickness of the slab will be this depth plus half the diameter of 
the reinforcing rods, plus the allowance for fireproofing. 

(5) Apply the same formula, using the smaller moment for the longer span. 
The thickness required will be less than in the more heavily loaded span but, 
owing to the fact that the rods of the longer span muse be on top of those in 
the short direction, it is necessary to add an extra half inch to the depth; this 
additional amount may, in the case of lightly loaded spans, give a total depth 
greater than that required by the heavier moment on the shorter span. 

(6) Compute the area of the reinforcement in both directions by the for¬ 
mulas 

A, - or A, - pbd 
Jsjd 

in which As ■* sectional-area of tensile reinforcement for a slab width of 
1 ft; 

fa « steel stress in pounds per square inch; 
j - ratio of arm of resisting couple to d, obtained from Tables VI 
and VII; 

d - depth from the top of the slab to the center of the steel as 
determined for each direction in (4) and (5); 
p ■» the balancing percentage of steel obtained from Tables VI 
and VII; 

M and b are as noted above. 

(7) Determine the maximum vertical shear adjacent to the support which, 
in the case of uniformly loaded floors, is equal to one-half of the load carried 
in each direction as found in (2). Compute the value of the unit shearing- 
stress at the support by the formula 

V 

v “ jbd 

in which v - unit shearing-stress in pounds at the section where the shear 
(K) is computed; 

V - total vertical shear at the section considered, in pounds; 
j - 0.875 (an approximation used for shear-computations); 
b and d are as noted above. 
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As it is not practicable to use web-reinforcement in slabs, the value of v 
should not exceed 40 or 60 lb per sq in. A higher shearing-Stress, which, 
however, seldom occurs except in slabs of short span very heavily loaded, 
should be reduced by deepening the slab. 

(8) Check the bond stresses by the formula 

V 

U s* - 

Zojd 

in which u — unit bond stress; 

V — total vertical shear in pounds at the support or other section 
under investigation; 

* sum of the perimeters of all rods in the tensile side of the slab 
for a 1-ft width at the section considered; 
j and d are as noted above. 

The value of u is generally limited to 80 lb per sq in for plain steel and 
100 lb per sq in for deformed rods or bars. If the bond stress is over the 
allowable limit, reduce the size of the bars, thereby increasing their number 

Table vm. Sizes, Spacing, and Sectional Areas of Bars and Rods 
in Reinforced-Concrete Slabs 


Sectional area of steel bars per lin ft of slab 


Size 

Perim- 

Weight 



Spacing of square bars in slabs. 

in in 


Of 

eter 

per 













bars. 

of bars. 

lin ft, 

3 

3 X 

4 

4 X 

5 

sx 

6 

7 

8 

9 

10 

12 

in 

in 

lb 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

X 

2 00 

0 850 

1.00 

0 86 

0 75 

0 67 

0 60 

0 55 

0 50 

0 43 

0 37 

0 33 

0 30 

0 25 

1 

4 00 

3 400 

4 00 

3 43 

3 00 

2 67 

2 40 

2 18 

2 00 

1 71 

1.50 

1 33 

1 20 

1 00 

1 X 

4 50 

4 303 

5 06 

4.34 

3.80 

3 37 

3 04 

2.76 

2 53 

2.17 

l 89 

1.69 

1 52 

1 27 

IX 

5.00 

5 313 

6 25 

5 36 

4.69 

4 17 

3 75 

3 41 

3 12 

2 68 

2.34 

2 08 

1 87 

1.56 

Sectional area of steel rods per lin ft of slab 

Size 

Perim- 

Weight 


of 

eter 

per 













rods. 

of bars. 

lin ft. 

3 

sx 

4 

4 X 

5 

sk 2 

6 

7 

8 

9 

11 

12 

in 

in 

lb 

in 

in 

in 

in 

in _ 

in 

in 

in 

in 

in 

in 

in 

X 

0.785 

0 167 

0 20 

0 17 

0 15 

0.13 

BIB 

0 11 

0 10 

0.08 

0.07 

0.07 

0 06 

0 05 

X 

1.18 

0.376 

0 44 

0 38 

0 33 

0 30 

0 26 

0 24 

0 22 

0 19 

0 17 

0 15 

0 13 

Oil 

X 

1.57 

0.668 

0.78 


[PEE! 

nin 

0 47 

0.43 

0 39 

0 34 

0 29 

0 26 

0 24 

0 20 

X 

1.96 

1.043 

1.23 

1 05 

0.92 

0.82 

0.74 

0.67 

0 61 

0 53 

0 46 

0.41 

0.37 

0.31 

X 

2.36 

1 502 

l 77 

1.51 

1.32 

1.18 

1 06 

0.96 

0.88 

0 76 

0 66 

0.59 

0 53 

0.44 

X 

2.75 

2.044 

2 40 

2.06 

1 80 

1 60 

1.44 

1 31 

1.20 

1 03 

0.90 

0 80 

0.72 

0 60 

1 

3.14 

2.670 

3 14 

2.69 

2 36 

2 09 

1 88 

1 71 

1.57 

1.35 

1.18 

1.05 

0.94 

0 78 


Typical Design of a Concrete Slab: One-Way Reinforcement, Fig. 17 

Specification data: fa - 18 000 lb per sq in 
fe «■ 650 lb per sq in 
v' - limited to 40 lb per sq in 
n - 15 








































Art. 3] Design of Reinforced-Concrete Construction 1151 

Panel Width between faces of supports, 8 ft 0 in 

Live lo .d, 100 lb per sq ft; allow 25 lb per sq ft for floor fill, finish-flooring 
and plaster 

End-conditions: Semi-continuous 
(1) Assume a slab thickness of 4 Yz i n 


Then, Live load.*• 100 lb 

Floor finish, etc.■» 25 lb 

Weight of slab . « 54 lb 
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Total thickness of slab — 3.34 0,25 + 1.00 m 4.59 in, in which 0.25 
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is the approximate half diameter of the reinforcing rods, and 1 in the allowance 
for fireproofing. Accept a total slab-thickness of 43^ in. 

(5) This step does not apply to one-way slabs. 

(6) By formula 

As - pbd - .0063 X 12 X 3.34 - 0.25 sq in 
Accept 3^-in rounds 9 in on centers. 

(7) The maximum shear 


By formula 

V 

|) mm — 

jbd 


V - 1 432/2 - 716 


716 

0.875 X 12 X 3.25 


20 lb per sq in 


The shearing-stress is seldom critical and this step may be omitted except for 
short, heavily loaded spans. 

(8) By formula 


V 716 

* " W m (UTX 1.57) X o'8/5 X 3.25 “ 12 ° lb ** *» “ 

in which 716 is one-half the total load on the 1-ft strip under design; 1.33 
the number of rods in the bottom of the slab, per ft of width (9 in on centers); 
1.57 the perimeter of the cross-section of a J^-in round rod in inches; 0.875 
the value of j used in shear and bond computations; and 3.25 the actual 
depth, d , of the slab in inches, as designed. This bond stress is high but can 
be accepted for deformed rods if the reinforcement is anchored at termina¬ 
tions and lapped over supports. The use of %-in rounds at 5-in centers 
gives the same sectional area (Table VIII) and reduces the bond stress 
to 88 lb per sq in. 


Typical Design of a Concrete Slab: Two-Way Reinforcement, Fig. 18 

Specification data: f s — 18 000 lb per sq in 
fc — 650 lb per sq in 
i/ - limited to 40 lb per sq in 
n - 15 

Panel dimensions between faces of supports, 16 ft 0 in X 18 ft 0 in 

Live load, 60 lb per sq ft; allow 25 lb per sq ft for floor fill, finish-flooring 
and plaster 

End-conditions: Short span fully continuous; long span semi-continuous 

(1) Assume a slab thickness of 6% in, then 

Live load. -75 1b 

Floor finish, etc. - 25 lb 

Weight of slab. - 78 lb 


Total load... - 178 lb per sq ft 

(2) From chart (Fig. 7), using the straight line distribution, 62% is carried 
in the short direction and 38% in the long direction. 

On a strip of slab 1 ft wide the total load is 

Short span, 178 X 0.62 X 16 - 1 765 lb 
Long span, 178 X 0.38 X 18 - 1 224 lb 
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(3) Maximum bending moment on short span 


M - 


WL 1 765 X 16 X 12 


- 28 240 in-lb 


12 12 
Maximum bending moment on long span 

lr WL 1 224 X 18 X 12 ^ . lu 

-10- 2 6 438 m-lb 


(4) Depth by short-span moment 


J lAf I 28 240 J . 

^Kb " "V 100.8 X 12 " in 



Total thickness of slab — 4.84 -f* 0.25 + 1*00 «■ 6.09 in, in which 0.25 is the 
approximate half diameter of the reinforcing rods and 1 in the allowance for 
fireproofing. 

(5) Depth by long-span moment 

. fit . I 


26 438 
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Total thickness of slab - 4.67 + 0.25 + 1.50 «• 6.42 in, in which the distance 
below the rods is increased from 1 in, to 1^2 in, as the two layers of rods cannot 
lie in the same plane. 

Accept the larger of these values, giving a slab-thickness of 6j^ in. 

(6) By formula 


Short direction 



_ 28 240 _ 

18 000 X 0.883 X 5.25 


0 34 sq in 


Long direction 



26 438 _ 

18 000 X 0.883 X 4.75 


0.35 sq in 


Accept }^-in rounds 7 in on centers both ways. 

Note that the formula A s =» pbd could be used to determine the steel area, 
but in this case the depth required by moment (see (4) and (5)) has been 
slightly increased to give an even half inch (6% in) and there is no object in 
supplying steel to balance the additional concrete. 

(7) The computation for shear is omitted as unnecessary. 

(8) By formula 

Bond stress in short direction 


V _ 1 765/2 _ _ 

“ “ Xojd " (1.7 X 1.57) X 0.875 X 5.25 " per sq m 

Bond stress in long direction 

V 1 224/2 

“ " X^d “ (1.7 X 1.57) X 0.875 X 4.75 " 55 lb P * r Sq W 


in which V is one-half the load carried in each direction on a 1-ft strip; 1.7 the 
number of rods in the slab, in each direction, per ft of width (7 in on centers); 
1 57 the perimeter of the cross-section of a J^-in round rod in inches; 
0.875 the value of j used in shear and bond computations; 5.25 and 4.75 
are the effective depths, d, of the slab in each direction, in inches. 

This bond stress is acceptable for plain rods. All reinforcement should be 
anchored at terminations and lapped over supports. 

This design is made in accordance with the requirements of the more severe 
building ordinances, employing the full computed amount of reinforcement 
without any reductions by reason of flat-plate action. The distribution of 
the reinforcement is shown in Fig. 18. Under Bending Moments in Slabs 
will be found the moment reductions recommended by the author for two- 
way slabs. 

Distribution of Reinforcement in Slabs. In order to provide for the nega¬ 
tive bending moments over supports in continuous slabs, a portion of the 
main reinforcement is raised at about the fifth point of the clear span and 
carried over the supporting beam, or wall, at a height of one inch below 
the top of the slab. In the case of slightly rfstkainicd ends, it is good 
practice to raise from one-third to one-half of the steel adjacent to the'sup- 
ports; this occurs where concrete slabs are carried by spandrel beams. Where 
the shibs are fully continuous, however, it is desirable to raise alternate 
rods from each span, thereby giving the same sectional area over supports 
as at mid-spans. 

Three times the effective depth of the slab is usually taken as the maximum 
spacing for concrete reinforcement. Where a small unframed opening 
occurs in a slab, the rods should be spread past the sides and in no case ter¬ 
minate against the face of an opening, 
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Fig. 19 shows various methods of arranging slab reinforcement. Some 
building codes permit a reduction in the steel placed in the outer quarters of 
panels reinforced in two directions. The Joint Code recommends, on two- 
way slabs, that the bending moments and resulting steel areas be reduced by 
50% in the outer quarters of the panel. 

When designing one-way slabs it is necessary to provide shrinkage and 
temperature reinforcement at right-angles to the principal reinforcement. 
The Joint Code recommends that: 

Reinforcement for shrinkage and temperature stresses normal to the 
principal reinforcement shall be provided in floor and roof slabs where the 
principal reinforcement extends in one direction only. Such reinforcement 
shall provide for the following minimum ratios of reinforcement area to 



Alternate ' ^Lap 12 " 

Place Spacing-Bars where Required 


(b) 


Alternate 


jbf- 


■Lap 1!" 


(c) £2r 


Alternate ~^~Lap 12" 

Arrangement of Slab-Reinforcement 

Fig. 19. Arrangement and Bending of Slab Steel 


concrete area, but in no case shall such reinforcing bars be placed farther 
apart than five times the slab thickness nor more than 18 in: 


Floor slabs where plain bars are used. 0.0025 

Floor slabs where deformed bars arc used . 0.002 

Floor slabs where wire fabric is used, having welded intersections not 

farther apart in the direction of stress than 12 in. 0.0018 

Roof slabs where plain bars arc used. 0.003 

Roof slabs where deformed bars are used . 0.0025 

Roof slabs where wire fabric is used, having welded intersections not 
farther .apart in the direction of stress than 12 in. 0.0022 


The thickness of protective covering of concrete required below the rein* 
forcement of slabs is normally 1 in; this should be taken as a clear distance 
measured from the face of the rod or bar. 


Compression Reinforcement in Beams and Girders 

Method Used in Design. The use of compression reinforcement is occa* 
uionally necessary through the mid-spans op rectangular beams when 
architectual considerations require a limited cros9-section of concrete. A 
critical condition also exists Over the supports of continuous beams op 
T section where the lower portion of the member is subjected to compressive 
stresses due to the action of the negative moment. Since most codes permit 
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the use of a higher unit compressive stress over the supports than at the 
mid-span, it is usually possible to obtain sufficient compressive strength by 
carrying the straight rods of each beam far enough beyond the face of the 
support to develop by bond the compression value required of the steel, as 
an aid to the concrete. When, however, there is any probability of the allow¬ 
able stress in the concrete being exceeded, the percentage of the main tension 
steel should be computed and compared with the limiting percentages which 
the plain concrete will carry for the given values of f s and f c and n. (See 
Table V.) If the actual amount of tensile-steel, as required for the bending 
moment, exceeds that required for a balanced beam, the sectional area of the 
concrete must be increased, or compression-steel utilized to resist the excess 
compression. If it is impracticable to increase the size of the beam, the 
following method is employed to determine the amounts of tension and 
compression reinforcement. When designing T beams at supports it should 
be remembered that the width, b, is that of the web and not the flange. 

Let fa — tensile unit stress in steel in pounds per square inch; 

ft ■■ compressive unit stress in the steel in pounds per square inch; 

fc compressive unit stress in extreme fibers of concrete in pounds 
per square inch; 

b ~ width of the web of the beam in inches; 

d -* effective depth of beam, distance from compressive face to cen¬ 
ter of tensile reinforcement, in inches; 

j and k are factors taken from Tables VI and VII corresponding 
to the stresses used; 

d' m distance from compression-face of beam to center of com¬ 
pression-steel in inches; 

As ■ cross-sectional area of main tension-steel in square inches; 
p — Asfbd — ratio of cross-section of tension-steel to cross-section of beam. 

A's ■ cross-sectional area of compression-steel in square inches; 
P ' — A'slbd m ratio of cross-section of compression-steel to cross-section 
of beam; 

pi — steel-ratio for a balanced beam; 

Pi « steel-ratio of the added tension-steel; 

P *■ Pi + p2l 

M\ — resisting moment of the beam without compression steel in 
inch-pounds; 

Mi m resisting moment of the compression-steel and added tension- 
steel in inch-pounds; 

M - Mi + Mi. 

Design Procedure for Computing Compression Reinforcement in Beams 
and Girders, Fig. 20. (1) Compute the beam dimensions and the rein¬ 
forcement as outlined in the procedures given for rectangular or T beams, 
according to the type of the member under design. Compute the maximum 
bending moment that the beam can resist without compression reinforcement, 
by formula 

Mi •" y 2 fcjkbd* 

(2) Subtract from the actual bending moment the moment which the beam 
can support without compression reinforcement. Let Mi designate the dif¬ 
ference between these two moments expressed in inch-pounds. This is the 
moment which the compression-reinforcement must be designed to resist. 

(3) Determine the steel ratio of the additional tension-steel, which it is 
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necessary to supply in order to balance the additional compression-steel, by 
the formula 



The total ratio of tension-steel is then 

P - Pi + Pt 

and the total scctional-area of tension-reinforcement is 


A s =» pbd. 



Fig. 20. Stress Diagram of a Concrete Beam Reinforced for Both Tension and 

Compression 


(4) Since the concrete in compression can only balance in tension an 
amount of steel represented by pi, compression-reinforcement must be added 
to take care of the additional tension-steel represented by the percentage P%. 
The areas and consequently the percentages are inversely proportional to 
their distances from the neutral surface of the beam, and the amount of 
compression-reinforcement is determined by the formulas 



and 

A's m • p f bd 

The values of k, j and p are taken in all cases from Tables VI and VII. 
It should be noted that, as these depend upon the values of n, f c and /*, they 
will be different over supports than at mid-span as it is customary to allow 
a 15% increase in the value of fc at the former sections. For example, if an 
| extreme fiber stress of 650 pounds was used with n » 15 and/* ■* 16 000, the 
values of these coefficients, as taken from Table VI, would be: k - 0.378, 
I j - 0.874, Pi - 0.0077; over supports where fc *** 750, k «• 0.414, j - 0.862 
and Pi - 0.0097. Provide ties or stirrups, not less than Ji-in diameter, 
spaced not more than 8 in apart throughout the distance where the com¬ 
pression-steel is required. 

i 

Typical Design of Compression Reinforcement for a Rectangular 
Beam, Fig. 21 

Specification data: /»- 16 000 lb per sq in 
fc - 650 lb per sq in 
n - 15 
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Uniformly loaded beam with ends fully continuous 

Span — 18 ft between faces of supports 

Load — 25 000 (exclusive of the weight of the beam) 

(1) It is assumed that the size of the beam is controlled by architectural 
requirements and that b and d are limited to 10 in and 18 in, respectively. 
The maximum bending moment that this beam can resist without com¬ 
pression-reinforcement is given by formula 

Ml - Mfcjkbd* - y 2 X 650 X 0.874 X 0.378 X 10 X (18)* « 348 870 in-lb 

(2) But the actual bending moment is 


M - WLjn 


(25 000 + 3 750) X 18 X 12 
12 


517 500 in-lb 


-Two %" Round Rods Zj* Round Rodi l A*1 A '<P Hoops 8'on Centers 



—Two Round Rods and Two K" 


- 18 ' 0 "- 

Longltudinal Section through Beam 

Fig. 21. Typical Design of a Fully Continuous Rectangular Beam, Under a Uniformly 
Distributed Load and with Compression Reinforcement 


in which the weight of the beam is added to the superimposed load. Com¬ 
pression-reinforcement must be provided for 

M* - M - Mi - 517 500 - 348 870 - 168 630 in-lb 

(3) Placing the compression-steel 2 in below the compression face of the 
beam, d'/d - 2/18 =» 0.11, and the steel ratio of the added tension-steel is 
found by formula 

M 2 _ _ 168 630 _ 

Pi ~ (< d '\ " 16 000 X 10 X (18)2 X (1 - 0.11) “ 0036 

f,bd y~d) 

The total ratio of tension-steel is equal to 

p - Pi + Pi - 0.0077 + 0.0036 - 0.0113 
apd the sectional area of the tension-steel is, by formula, 

At - pbd - 0.0113 X 10 X 18 - 2.03 sq in 

Accept 2%-in and 2%-in round rods (A a « 2 08 sq in). 

(4) The total ratio of compression-steel is found by formula 

' - P* X ^4 - 0.0036 X - 0 0084 

k ~ d 

and the sectional area of the compression-steel is 

A’, - p'bd - 0.0084 X 10 X 18 - 1.51 sq in 
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Accept 2 1 -in round rods (A't - 1.56 sq in) 

Place J^-in round hoops, 8 in on centers through the central portion of £he 
beam as shown in Fig. 21. 


The Design of T Beams and T Girders 

Load Distribution on T Beams and T Girders. When designing a floor 
system comprising slabs, beams and girders, the slabs are first considered. 
Knowing the unit live and dead load per sq ft, the load carried by aTbeanl 
or T girder can then be found by multiplying this unit load by the floor-ared 
which the beam supports and adding to the product any other incidental 
loads together with the weight of the stem of the beam. 

If the slabs have one-way reinforcement, their loads being carried 
directly to the marginal beams on two sides, the floor-area supported by a 
beam is equal to the product of the length of the beam by the sum of the two 
half slab spans on either side. 

If the slabs have two-way reinforcement, the loads carried to the sup¬ 
porting beams are not uniformly distributed, the loading being a maximum 
at the middle of the span and diminishing toward the ends. The following 
formulas give the bending moments in foot-pOUnds for marginal beams sup¬ 
porting concrete panels reinforced in two directions and assumed to be simply 
supported. Bending moment for the longer beam 


Bending moment for the shorter beam 


M 


~TT 


in which M 

Wi 

Wi 

l 

b 


bending moment in foot-pounds; 
load per square foot of slab carried to longer beam; 
load per square foot of slab carried to shorter beam; 
longer dimension of slab in feet (length of longer beam); 
shorter dimension of slab in feet (length of shorter beam). 


For semi-conttnuous or fully continuous beams, these results are mul¬ 
tiplied by J 5 and respectively. 

The loads carried by girders are usually a combination of concentrated 
loads due to beam reactions and the uniformly distributed weight of the girder 
itself, plus a small portion of the floor-load the weight of which is transmitted 
directly to the girder. This last, however, is usually disregarded, all of the 
slab weight being considered as supported by the beams and the girder carry¬ 
ing merely its own weight and the concentrated loads from the beams or other 
sources. 

For computing the dead loads needed in design, the weights of materials 
given in Table I may be used provided that they are not less than those given 
in the particular building ordinances governing the design of the work. 

If granolithic floor-finish is placed monolithically with the structural slab, 
its thickness may be included, for design purposes, as part of the dab itself. 

Width of Flange for T Beams and T Girders. For purposes of design in 
computing the sectional-area of concrete available to resist compressive 
stresses, the width of slab which may be considered as acting as the flang$ 
of a T beam should not exceed % of the span-length of the beam. Neither 
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should the overhanging width on either side of the web exceed eight times the 
thickne** of the slab, nor Yi the clear distance to the next beam. As the floor 
slab, forming the flange in T -beam construction, usually supplies an excess of 
concrete, such provisions seldom govern except in the case of angle beams. 
For these latter, the overhanging width of flange should be limited to 
the span or the clear distance to the next beam. (See Fig. 22.) 

It is always necessary to pour the floor forming the flange of the beam mono- 
lithically with the web, and there must be steel in the form of stirrups, or 
bent rods, to properly bond the flange to the web. This condition is ordina¬ 
rily met in all beams that are designed for the usual shearing-stresses. 


~- 

{ Effective flange width j [ Effective flange width 



Fig. 22. Diagrams of Typical Beams 


Design Procedure for T Beams and T Girders. (1) Determine the width 
of the web of beam or girder large enough to accommodate the probable 
reinforcement, including the necessary fire protection. (See Thickness of 
Protective Concrete.) Compute the weight of the beam on a basis of the 
assumed width and a total depth estimated as equal to 1 in for each foot of 
clear span and 2 in for fireproofing. 

(2) Determine the maximum shear, V, as described under Shear and Diag¬ 
onal Tension. This is equal to one-half the load, W, for uniformly or sym¬ 
metrically loaded members, except as influenced by the conditions of end 
support. In the case of unsymmetrical loads, the shears are determined by 
finding the reactions. 

(3) Compute the depth of the beam or girder by a derivative of the formula 



in which d — effective depth of beam, distance from compression face to 
center of steel, in inches; 

v ■■ allowable unit shearing-stress where web-reinforcement is 
employed, in pounds per square inch; 

V - total shear at the critical section, in pounds; _ 
j - 0.875 (an approximation used for shear-computations); 
b f — width of web in inches; 

If v — 120 lb per sq in, the formula becomes 

d 

" 105 V 

If v - 150 lb per sq in, 
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(4) Determine the maximum bending moments at the supports for con* 
tinuous or restrained beams and near the mid-spans for those simply sup¬ 
ported, as described under Bending Moments. 

(5) Compute the area of the main tensile reinforcement by the formula 


in which A s 
M 
ft 
d 

t 



steel area in square inches; 
bending moment in inch-pounds; 
tensile unit stress in steel in pounds per square inch; 
effective depth of beam; distance from compression face to 
center of tensile reinforcement in inches; 
thickness of slab forming flange of T beam, in inches. 


(6) For simply supported members, the unit compressive stress in the con¬ 
crete near the mid-span is checked by formula 



in which f c - compressive unit stress in extreme fibers oi concrete in pounds 
per square inch, and should not exceed the limit set in the 
specification; 

' b - effective flange width; 

M , d and t are as noted above. 


For continuous and semi-continuous members, the unit compressive stress in 
the concrete over supports is checked by the method explained under Compres¬ 
sion Reinforcement in Beams and Girders. 

(7) Design the web-reinforcement, determining, first, the distance from the 
support through which either stirrups or bent bars are required. For uniformly 
loaded beams this distance, x, is given by the formula 



in which L span of beam as defined under Design Moment Coefficients; 

v* m allowable unit shearing-stress on plain concrete, usually 40 lb 
per sq in; 

v actual unit shearing-stress as used under (3). 

Assume a diameter for the stirrup steel which should not exceed of the 
beam depth. This usually results in a choice of %-in round rods for ordinary 
work and J^-in round rods for very heavy girders and footing beams. The 
stirrup spacing is then found by the formula 

ArM> 

* ~ {V - v'b’jd) 

in which r - spacing of stirrups in inches; 

A 9 — sectional area of the stirrup steel; for instance, if a J^-in 
round rod is used, the area of which is equal to 0.11 sq in, 
A s for a U-shaped stirrup would be 0.22 and for a W-shaped 
stirrup 0.44. 

The other factors are as noted above. 
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Having determined the minimum spacing, which occurs adjacent to the 

support, it is customary to place the first stirrup at a distance of j from the 

face of the support. If 50% of the main longitudinal reinforcement is raised 
at the fifth point of the clear span, the bent rod or rods may be considered 
to act as web-reinforcement through a distance along the beam equal to the 
depth d. Inside of this section toward the support, the stirrups should be 
spaced approximately s distance apart. If the use of the formula indicates 
that additional stirrups are needed beyond the section covered by the bent 
rods, one or two stirrups may be placed at a spacing not to exceed the depth 
of the beam. It is not customary to place stirrups through the central por¬ 
tions of uniformly loaded beams nor elsewhere in sections where the unit 
shearing-stress is under the limit allowed for v (usually 40 or 60 lb per sq in). 

(8) Check the bond stress by the formula 

V 

U " Zojd 

in which u - unit bond stress; see under Working Formulas for Bond for 
limiting values; 

V — total vertical shear in pounds at the support or other section 
under investigation; 

Zo — sum of the perimeters of all rods in the tensile side of the 
beam at the section considered; 
j and d are as noted above. 

The value of u is generally limited to 80 lb per sq in for plain steel and 100 lb 
per sq in for deformed rods or bars. If the bond stress is over the allowable 
limit, reduce the size of the rods, thereby increasing their number, or deepen 
the beam. 

(9) Specify the length of laps, location of hooks for anchorage and the posi¬ 
tion of bonds. (See Anchorage of Reinforcement ) 

Typical Design of a T Beam, Fig. 23 

Specification data: — 18 000 lb per sq in 

fc - 650 lb per sq in 

- limited to 40 lb per sq in 
v » limited to 120 lb per sq in 
u - limited to 100 lb per sq in (deformed bars) 
w « 15 

Uniformly loaded beam with ends semi-continuous 

Span — 20 ft between faces of supports 

Load - 40 000 lb (exclusive of the weight of the beam) 

Slab-thickness = 4 in 

(1) Assume b ' = 10 in. Estimating the effective depth, d, as 1 in for each 
foot of span, and adding 2 in for fireproofing below the center of the rein¬ 
forcement (lH-i n protection) the total depth is 22 in and the total uniformly 
distributed load is 

22 y 10 

XV - 40 000 + ~~ X 20 X 150 - 44 600 lb 
144 

in which 150 is the weight, in pounds, of 1 cu ft of concrete. 



Art. 3] 


Design of Reinforced-Concrete Construction 


1163 


(2) The maximum shear 

F - 44 600/2 - 22 300 lb 

(3) By formula, making v » 120 lb 

, V 22 300 
vjb 105 X 10 

21.2 4- 0.5 4- 1.5 «■ 23.2. Accept a value of 23 in for the total depth. The 
estimated weight is sufficiently accurate. 

_ WL 44 600 X 20 X 12 .. .. 


(4) By formula, M - 

(5) By formula 


^000(21-i) 


1 070 400 in-lb 


3.13 sq in 


Accept 4 1 -in rounds (As «- 3.12 sq in). Raise two rods over supports as 
shown in Fig. 23. 




Fig. 23. Typical Design of a Reinforced-Concrete T Beam 

( 6 ) As the beam is continuous at one end, the compressive stress in the 
concrete is checked at the face of the continuous support by the method 
given under Compression Reinforcement in Beams and Girders. This step 
is only occasionally required, as the practice of carrying the straight rods to 
the center lines of supports usually provides enough steel to assist the con¬ 
crete in resisting the negative moment that causes compression on the lower 
half of the beam. Without compression-reinforcement the beam, as designed, 
can resist a negative bending moment at the face of the support of 
M - MfcjMd* - y 2 x 750 X 0.872 X 0.385 X 10 X ( 21 )* - 555 220 in-lb 
in which 0.872 is the value of j and 0.385 the value of h corresponding to a unit 
compressive-stress of 750 lb per sq in on the concrete (650 4 - 15% allowed 
over supports) and 18 000 lb per sq in on the reinforcement. (See Table VI.) 
Then, the moment for which compression-steel must be provided is 
M t - U - M i - 1 070 400 - 555 220 - $15 180 in-lb 
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The additional tension-steel is then found from 


P« 



515 180 


18 000 X 10 X (21)* 



The 

and 

which 

The 


total tension-reinforcement is then checked as 

P - Pi + Pi - 0.0080 + 0.0071 - 0.0151 

As - pb'd - 0.0151 X 10 X 21 - 3.17 sq in 

value is approximately that already computed in (5). 
total compression-reinforcement is then computed as 


0.0071 


p' - Pt X -- J,- 0.0071 x -- °' 38 ^ - 0.014 

* - 7 ~ n 

A, - p'b’d - 0.014 X 10 X 21 - 2.94 sq in 


As this area is practically equivalent to that of the main tension-reinforce¬ 
ment, the straight rods in the bottom of the beam should be lapped past the 
further face of the support a distance of 20 diameters, so that all four may 
act as compression-reinforcement at both faces of the supporting column or 
girder. This necessity seldom occurs except at the first interior support in a 
series of continuous beams. 

(7) By formula 

*“f x ( l -v) “ 10 * (‘-ns) - 6 - 66 or 6{t8in 

in which v has the value used in (3). Beyond this distance from the face 
of each support no web-reinforcement is required. 

1 = JtjdAg 18 0Q0 X 0.875 X 21 X 0.44 

S V - v'b'jd 22 300 - (40 X 10 X 0.875 X 21) = ’ m 


in which As *■ 0.44 represents the sectional area, in square inches, of a 
J^-in diameter stirrup of the W-type. The first stirrup is placed at a distance 
of 5 in 5 ) from the face of the support. Three more stirrups, placed 10 in 
apart, provide web-reinforcement out to the section where the bent rods are 
effective. Beyond this section, as shown by the illustration, three stirrups 
are placed at a distance of 12 in apart. 

(8) By formula, the bond on the negative reinforcement at the face of 
the support, 


U m 


V 

Xojd 


22 300 

(4 X 3.14) X 0.875 X 21 


97 lb per sq in 


in which 3.14 is the perimeter of the 1-in rods (see Table VIII), there being 
two raised from the beam under design and equivalent reinforcement from 
the adjacent beam with which it is continuous. Deformed rods are desirable. 

(9) At the continuous end, the double-bend rods are lapped to the quarter- 
point of the adjacent span and hooked. (Lapping to the fifth point is usually 
adequate, except at first interior supports.) The straight rods are treated 
as described in (6). At the non-continuous end, the bent rods are anchored 
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into the supporting member by means of hooks and the straight rods are cut 
off at the center line of the support. 

Typical Design of a T Girder (Fig. 24) 

Specification data same as for T beam 
Equal, concentrated loads at third-points 
Ends fully continuous 


„ I Two I*' a Bars 

-4" lit 



U- 12 ^ Cross Section 
1 b' 


Fig. 24. Typical Design of a Reinforced-Concrete T Girder 


Span - 20 ft (center to center); clear span 18 ft 

Load at each concentration JO 000 lb (exclusive of the weight of the girder) 
Slab-thickness «* 4 in 

(1) Assume b' — 12 in. Estimating the total depth as 30 in, 

30 v p 

W - 30 000 + 30 000 + —- j -- X 18 X 150 - 66 750 lb 

(2) The maximum shear, V - 66 750/2 -» 33 375 lb 

(3) The depth as determined by shear 


V 33 375 
vjb' ** 105 X 12 


26.4 in 


26.4 -f 2.5 - 28.9. Accept a value of 29 in for the total depth. The 
estimated weight is sufficiently accurate. 

(4) From Diagram 6, Fig. 4, the value of the maximum bending moment 
(negative) caused by the concentrated loads, is taken as 0.22 P L . The 
uniform load, due to the weight of the girder, causes an additional bending 
moment that is equal to WLf 12, therefore, 


M - 0.22 X 30 000 X 18 X 12 - 1 425 600 in-lb 
M - 6 750 X 18 X 12/12 - 121 500 


Total design moment 


1 547 100 in-lb 
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If this member were semi-continuous, the moment over the first interior 
support, 0.29 P L , would be used in place of 0.22 P L (see Diagram 9, Fig. 5) 
and the moment due to the uniform load would be given by the equation 
M - WLtlQ. 

(5) By formula 



1 547 100 


18 000 



3.50 


Accept 4 1-in square bars (A s - 4.00 sq in). 

Raise two bars over supports as shown in Fig. 24. 

(6) Omit this step except for critical sections such as the first interior sup¬ 
port in a series of continuous girders; the procedure, in this case, is identical 
with that given for T beams. 

(7) Inspection of Diagram 9, Fig. 11, shows that stirrups are needed only 
between the ends of the girder and the sections where the concentrations 
(beams) occur. The spacing is 


fsjdAs 18 000 X 0 875 X 26 5 X 0 38 

V - v'b'jd “ 33 375 - (40 X 12 X 0.875 X 26.5) 


in which is «*0.38 represents the sectional area, in square inches, of a J£-in 
diameter stirrup of U-typc The first stirrup is placed at a distance of 4 in 
from the face of the support and 6 additional stirrups are located as shown 
in Fig. 24. 

(8) By formula, the bond on the negative reinforcement at the face of the 
support. 



33 375 

(4 X 4) X 0.875 X 26.5 


89 lb per sq in 


in which 4 is the perimeter of the 1-in bars, there being two raised from the 
girder under design, and equivalent reinforcement from the adjacent girder 
with which it is continuous. Deformed bars are desirable. 

(9) The double-bend bars are raised at an angle of 45° and lapped to the 
fifth points of the adjacent spans and hooked. The straight bars are cut off 
at the center lines of the supports. 


Contraction and Expansion Joints 

The Contraction and Expansion of Concrete.’*' The hardening of concrete, 
due to the hydration of the cement, is normally accompanied by volumetric 
changes. Although when cured in water, there may be an appreciable 
increase in volume, under job conditions concrete usually contracts while 
hardening. Changes in the temperature of the surrounding air and variations 
in atmospheric moisture also cause changes in volume even after the concrete 
has hardened. 

Contraction-Joints in Concrete Buildings. In order to meet all these 
conditions, it is necessary to provide joints at sufficiently frequent intervals 
so that the strength of the concrete will not be exceeded, or to employ %n 
amount of reinforcement sufficient to distribute the resulting deformations 
such a way that they will not seriously affect the utility or appearance of tl * 
building. 

* See under Shrinkage and Expansion of Concrete, Tart IV, for a full discussion of this 
subject 
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For buildings not exceeding 300 ft in length, the amount of reinforcement 
ordinarily required by the principal stresses is usually sufficient to properly 
distribute the secondary stresses due to shrinkage and temperature variation. 

Buildings over 300 ft in length should be separated by a transverse 
joint providing a plane of separation so that free movement of the two 
adjacent parts may Lake place. In beam-and-slab construction this can be 
done by constructing two sets of columns, resting, however, upon a common 
footing, and supporting parallel floor beams on either side of the joint. 
(Fig. 25.) Reinforcement should never extend across an expansion joint; 
the break between the two sections should be complete and exposed joints 
should be filled with an elastic joint-filler. In girderless floor-construction 
contraction joints are usually placed in the middle of a bay, the two sections 
of which are designed as cantilevers. 



Beaxn*and*Slat> Floor* Joint 


K" bolt holding’ wood , Cold rolled sheet 

Strips set In mastic / copper 14" wide 



Joints between Columns 
Fig. 25. Typical Designs for Contraction Joints 


Expansion- Joints in Concrete Buildings. Although most of the injury 
caused through temperature and moisture changes is traceable to contrac¬ 
tion, it is occasionally necessary to provide expansion joints where sections 
of concrete are poured between rigid terminations. Wherever expansion 
might cause budding, joints should be provided, particularly around the 
edges of concrete roof-fills adjacent to parapet and pent-house walls. Besides 
the actual joints required to provide for contraction and expansion, it is cus¬ 
tomary to use what is often referred to as temperature reinforcement in 
the form of small rods, usually in round rods, in all members exposed to 
extreme temperature changes. The amount of such reinforcement is ordi¬ 
narily based upon the sectional area of the member, and should represent 
about %o% °f the concrete area. It is not, however, desirable to build 
monolithically long sections of parapet; it is better practice to divide work 
of this nature into a number of short sections, each one separated from 
contiguous work by a mastic joint. 


Combination Floor Systems 

Ribbed Floor Construction. Reinforced concrete is largely used in the 
floor systems of all fire-resistant buildings whether framed of concrete or 
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structural steel. Various types of floor construction are described in Chap¬ 
ter XXII, some of which employ reinforced concrete as a structural mate¬ 
rial. As the ribbed floors, however, are directly developed from the con¬ 
crete floor slab and treated as a series of parallel T beams, their design is 
included in this chapter. Although the girderless type of floor construction, 
as described in this chapter, is usually the more economical for factories 
and warehouses it is seldom suitable for other types of occupancy owing to 
the size of the column capitals and the fact that arbitrary limitations 
placed upon slab thickness make the construction over-heavy. 

For BUILDINGS SUPPORTING LIGHT AND MEDIUM LIVE LOADS, SUCh as hotels, 

hospitals, and apartment-houses, some system comprising reinforced- 



concrete ribs cast between either steel or wooden forms, or filler blocks, 
usually proves economical. Ribbed floor construction includes floor systems 
of ribs and slabs placed monolithically, in which the ribs are not farther 
apart than 3 ft face to face. The ribs should have a minimum width of 4 in 
and a depth not over three times the width. 

Steel forms, generally referred to as “tin pans” (Fig. 26), can be easily 
supported upon open form work; the pans are ordinarily about 20 in wide 
and are used with a 5-in rib. A continuous slab cast over the tops of the 
pans, varying in thickness from 2% * to 3 in, and cast integrally with the 
concrete forming the ribs, furnishes a T section which is designed in the 
same manner as an ordinary T beam. 

The steel forms may be of either the permanent or removable type; -the 
former are of lighter weight, usually corrugated to give additional strength, 
and are left in place at the completion of the work. The removable forms 
(Fig. 27), of somewhat heavier design, are taken down with the temporary 
supports and re-used upon successive floors. 

Steel domes (Fig. 28), forming voids between concrete ribs extending in 
two directions, at right-angles to each other, have been placed upon the 
market but are not extensively used. 

• Some building ordinances permit a 2-in thickness. 
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Wooden pans are employed in the same way as tin pans and both the 
design and construction are in every way similar. 

Gypsum blocks (Fig. 29), approximately 19 in wide, make an excellent 
filler when used between reinforced-concrete ribs normally of 5-in width; 



Fig. 27. Metal Pans Alternating with Concrete Ribs—Tapered Type 


in this case, also, a continuous concrete slab is cast over the top of both 
blocks and ribs, the slab varying in thickness between and 3 in. Soffit 
blocks may be used at the bottoms of the ribs in order to obtain a uniform 
gypsum surface for the application of plaster. 



Fig. 28. Two-way System—Steel Domes Alternating with Concrete Ribs 


Terra-cotta blocks (Fig. 30) also make excellent fillers; as the blocks> 
are 12 in square and the ribs normally 5 in wide, their use results in a center- 
to-center spacing of 17 in. 

Units made of slag-concrete and employed as fillers between reinforced- 
concrete ribs tinder the name of the slaoblok system, have been used for 
be same purpose of providing a fire-resistant floor for light and medium 










1170 Reinforced-Concrete Construction [Chap. 23 

loads on comparatively long spans. This system has the particular feature 
of being adaptable to two-way design, thereby obtaining a two-way distribu- 
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plaster directly upon the soffit of the structural floor. The thickness of the 
concrete slab on tile or cement block can also be reduced to a 2-in minimum, 
whereas a 2^-in thickness is necessary to give a substantial job over wood 
or metal forms. Where pan-construction is used, metal lath is ordinarily 
attached to the soffits of the ribs in order to provide a base for the plaster 
of the ceiling below. All of these systems have the advantage of being 
considerably lighter than a solid reinforced-concrete slab of similar depth. 
The reinforcement in the ribs normally consists of one or two rods, or bars, 
together with a light reinforcement in the slab above the pans or fillers, which 
is placed at right-angles to the main reinforcement in the ribs. 

The sectional area of the ribs is usually determined by shearing considera¬ 
tions, and the amount of the tensile reinforcement by the bending moment. 
As the width of the flange cannot exceed the centcr-to-center spacing of the 
ribs, it is also necessary to check the extreme fiber stress in the concrete. 
When terra-cotta or cement block are used, the webs of the tile, or block, in 



Fig. 31. Two-way System—Concrete Blocks Alternating with Concrete Ribs 

contact with the ribs, may be included in the calculations for shear and 
negative bending moment, provided that the joints between the tile in alter¬ 
nate rows are staggered. 

Most building codes permit a unit shearing-stress of 60 lb per sq in on the 
concrete of the ribs provided that the reinforcement is properly anchored. 
This would seem to be conservative practice. If the unit shearing-stress, 
however, is more than that which may be allowed, it is possible to widen the 
rib by the use of specially tapered pans, in the case of the tin-pan construc¬ 
tion, or by using half blocks adjacent to supports, in the case of block 
construction. If it does not seem desirable to do this, or if the value of the 
shearing-stress is still too high, continuous stirrups may be used without 
excessive expense. 

The depth of the tile or filler block is chosen to give the depth of rib required 
by the design. Terra-cotta block are sold in thickness varying from 4 to 12 in. 
Gypsum block may be obtained from 6 to 12 in and metal tile from 4 to 14 in 
in depth. The Slagblok units are manufactured in 4j£-in, 6-in, and 8-in 
depths. Open form work with centers lying beneath the ribs is used except 
where a two-way arrangement of ribs necessitates a complete decking. 

When planning any of these systems for use with a structural steel 
frame, the floor system should be placed at a height in relation to the sup* 
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porting beams, to permit the continuity of the reinforcement; this can be 
arranged if the tile or block fillers are placed so that their upper surfaces are 
flush with the tops of the steel members. When used in a building with a 
REINFORCED-CONCRETE frame, this same principle should be observed, and in 
order to leave sufficient room for the reinforcement of the ribs to cross that 
of the supporting girders, the tile or block fillers should be kept two inches 
below the upper surface of the structural slab. 

Design Procedure for Ribbed Floor Construction. Substantially the same 
procedure is followed in the design of all ribbed floor systems. The value 
of the dead load is taken from the manufacturer’s tables, or computed by the 
designer, for the particular system employed. The center-to-centcr spacing 
will also depend upon the width of rib and filler block. 

(1) Assume a depth for the tile or block and a thickness for the concrete 
slab. Obtain the weight per square foot from the manufacturer’s catalogue. 

(2) Add the live load to the weight of the construction as determined in (1) 
and compute the total load on each rib. 

(J) Compute the bending moment by the appropriate formula 

WL WL WL 
8 ’ 10 ° r 12 

(4) Compute the sectional area of the main tensile-reinforcement required 
in each rib by the formula 



in which As — steel area in square inches; 

M — bending moment in inch pounds; 
fs — tensile unit stress in steel in pounds per square inch; 
d — the depth of pan or filler block plus the thickness of the con¬ 
crete slab, minus 1^ in; 
t — total slab thickness. 

Choose one, or preferably two, rods or bars, giving the required sectional area. 

(5) Check the compressive stress in the concrete by the formula 



in which/tf = compressive unit stress in extreme fibers of concrete in pounds 
per square inch; 

b * center-to-center spacing of the ribs, in inches; 

M, d and t are as noted above. 

(6) Determine the maximum vertical shear, V , adjacent to the support. 
In the case of uniformly loaded floors this is equal to one-half of the load on 
the rib as found in (2). Compute the value of the maximum unit shearing- 
stress by the formula 


V 

9 b'jd 
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in which v - unit shearing-stress in pounds at the section where the shear, 
V , is computed; 

V - total vertical shear at the support in pounds, on a width of 
slab equal to the center to center spacing of the ribs; 

b r *» width of rib in inches; 

j and d are as noted above. 

(7) Check the bond stresses by the formula 

V 

“ " Zojd 

in which u »■ unit bond stress in pounds per square inch; 

2o « sum of the perimeters of all rods (in the width of one rib) 
comprising the reinforcement in tension over the supports; 

V, j and d are as noted above. 

On continuous spans it is desirable to raise one-half of the main longitudinal 
steel at an angle of 30° to the horizontal at approximately the fifth point of 
the clear span. If only one rod is used in each rib, it is customary to raise 
the rods in alternate ribs. This practice, however, is not to be recommended, 
the better design being to use two smaller rods in each rib instead of one 
large rod. 

Rods raised over supports should be carried to the fifth points of adjacent 
spans if the rib is continuous across the girder, and should be hooked into 
the supporting member at non-continuous termination, such as at a spandrel 
beam. Rods lying in the bottoms of the ribs should be cut off at the center 
lines of the girders if the rib is continuous across the girder and should be 
hooked into the supporting member at non-continuous terminations. All 
ribs should have a bearing of eight inches on brickwork or stone masonry. 

Typical Design of Ribbed-Floor Construction 

This example applies to the tin-pan system; the same method is used for 
all ribbed designs. 

Specification data: /j « 18 000 lb per sq in 
fc — 650 lb per sq in 
v ' - limited to 60 lb per sq in 
n - 15 

Minimum thickness of concrete over metal — in 

Panel width between faces of supports 22 ft 

Live load 60 lb per sq ft; allow 25 lb per sq ft for floor fill, finish-flooring 
and plaster. 

End-conditions: semi-continuous 

(1) Assume a 10-in depth for the pan with a 2^-in topping: the weight 
per sq ft is found from the manufacturer’s catalogue, or Table I, to be 63 lb. 

(2) Live load - 60 lb 

Floor finish, etc. «■ 25 lb 

Weight of construction - 63 lb 

Total load - 148 lb per sq ft 

Load per linear foot of rib «* 148 X 25/12 - 308 lb 

Total load on each rib - 308 X 22 - 6 776 lb 
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(3) Bending moment, M 

(4) Steel area, As 


- WL/10 - 
M 


6 776 X 22 X 12 
10 

178 886 


H) 


18 000 X 9.75 


178 886 in-lb 
» 1.02 sq in 


in which d - (10 + 2j^) - 1.50 - 1J in 
t/2 - 2.5/2 - 1.25 in 
Accept 1%-in and lj^-in round rods 

04, - 1.04 sq in) in each 5-in rib. 

(5) The stress in the concrete is checked by determining the value of 


fc 


Mkd 178 886 X 0. 351X 11_ 

i A J ( 25 X 2.5) (0.351 X 11 - 1.25) (0.883 X 11) 

bt \ kd “ 2/ jd 
435 lb per sq in 


(6) The maximum shear, V - 6 776/2 - 3 388 lb 
V 3 388 

By formula 59 ! b ^ ^ !n 


in which 6 is the average width of the web in inches. This stress is permissible 
with anchored reinforcement. 

(7) By formula, 


V 3 388 

Xojd m (2.35 + 2.75) X 0.875 X 11 


69 lb per sq in 


Deformed rods are not necessary. 

The J^-in rods should be raised at the fifth points of the clear spans adja¬ 
cent to all continuous terminations, and lapped across supports to the fifth 
points of the adjoining spans. At non-continuous terminations, the J^-in 
rods should be raised at a section about half-way between the fifth and tenth 
points of the clear spans, and anchored by hooks into the supporting spandrel 
beam or column. It is not necessary to anchor into supporting masonry 
walls, but a 4-in bearing should be considered an absolute minimum. 

The J^-in rods are straight and lie in the bottoms of the ribs. When the 
ribs are continuous across supports, these arc cut off at the center lines. 
Where the ribs terminate at spandrel beams or walls, the rods should have 
at least a 4-in bearing and be hooked at the ends. 


Design of Girderless Floor Construction, Fig. 32 

Characteristics of the Various Systems. The so-called “flat slab” or 
girderless type of floor construction has largely superseded beam-and-girder 
design for industrial work. If a building is three or more bays in width, 
and the column locations such as to give approximately square bays, of equal 
or nearly equal size, this type is usually more satisfactory for superimposed 
loads of 100 lb per sq ft or more. The advantages are a saving in story 
height due to the elimination of beams and girders, better lighting facilities 
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and structural economy. A girderless floor system may be designed either 
with or without drops over the columns; if drops are used over the interior 
columns, half drops should be used at the exterior columns. The flared 
heads of columns are characteristic of this system; beams are used to frame 
openings around stair wells and elevators as well as to form the lintels con¬ 
necting exterior columns. 

These general features are common to practically all designs of the girder¬ 
less variety. The variations, often referred to as “systems,” apply, in most 
cases, only to the disposition of the reinforcement. There are at present 



Fig. 32. Typical Girderless Floor Construction 


but two widely used systems: the two-way (Fig. 33), and the four-way 
(Fig. 34). In the former, bands of steel rods are carried from column to 
column and a two-way reinforcement placed in the central, rectangular 
portion of the panel between the bands and running parallel to them. 

In the four-way system (Fig. 34), reinforcement is placed in four direc¬ 
tions and comprises two bands of steel rods carried directly from column to 
column and two other bands placed diagonally across the panels from 
column to column. Supplementary reinforcement is added in the form of 
short rods lying through the mid-spans perpendicular to the rectangular band 
steel. 

There have, from time to time, been many patents awarded for various 
systems either proposing some new distribution of the reinforcement, or 
advocating a variation in structural arrangement. Among the proprietary 
systems, that known as the S.M.I. flat-slab system, and controlled by the 
S.M.I. Engineering Company, has probably been the most widely used. 
In this system the reinforcement is in the form of rings and radial bars. 

Codes and Standards of Design. At present practically every large city 
has its own particular code governing the design of girderless floors, and 
the Joint Code published by the American Concrete Institute offers an excel- 
lent and carefully studied recommendation. For work done under any 
particular jurisdiction, the designer has little option and must follow the 
regulations of his locality; he is free to choose, however, either a two-way 
or four-way system, or one of the proprietary methods, provided that he 
meets the demands of the building ordinances in regard to the structural 
requirements. When designing work outside of any particular jurisdiction, 
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it is generally customary for designers to select one of the better dty codes 
as & guide; those of New York and Chicago have both been very widely used 
for this purpose and represent well-tried designs. 




Fig. 33. Two-way Flat Slab Construction. Typical Interior Panel 


Dengn Procedure for Girderless Floors* Having at hand a sketch showing 
the over-all dimensions of the building and the column locations, the steps 
In the design of a girderleas door system can be planned as follows: 

(1) Determine the average center to center span, L , for any particular 
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panel; span lengths are taken between center lines of columns, or supporting 
members. Spans are defined in building ordinances, which permit, within 
certain limits, the use of average spans for oblong panels, but if the ratio of 




Fig. 34. Four-way Flat Slab Construction. Typical Interior Panel 

panel length to width exceeds 1.33, a special analysis should always be made, 
as the standard method of design is inapplicable. 

(2) Determine the slab thickness; most codes give a formula for this pur* 
pose which makes the total thickness a function of the span and load. Typ* 
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teal of the general requirements is that of New York City, based on an ultimate 
28-day compressive strength of 2 000 lb per sq in in the concrete: 

t — 0.02 L + 1 (for slabs with drops) 
t — 0.024 L y/w -f- 1 % (for slabs without drops) 


z 
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Principal Design-Sections of a Flat Slab 



Typical Column-Capital and Sections of Flat Slab with Dropped Panel 


Fig. 35. Flat Slab Construction. Details of Drop. Designations Used in the Joint 

Code 

in which / >■ total thickness of slab, in inches; 

L - average span of the slab, in feet; 

w — total live and dead load in pounds per square foot of floor area. 
Slab thicknesses for floors are also often limited to L/32 or 6 in as a mini¬ 
mum. The corresponding minimum thicknesses for roof slabs are Lf 40 and 
5 in. These limiting dimensions are based on a 28-day compressive strength 
of 2 000 lb per sq in in the concrete; where higher stresses are justified, the 
Joint Code permits the use of a reduction formula. 
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(3) Determine the size of the drop-panel if used; the size is usually 
limited to a proportion of the span. For example, the Joint Code specifies 
that a side of the drop shall not be less than 0.35 L, and many dty codes 
require at least 0.33 L. The size of the drop is also governed by the vertical 
shearing-stress around its sides. If the unit shear is higher than the limit 



Fig. 36. Flat Slab Construction. Vertical Section Showing Column Caps and Drops 

permitted by the code, it could be reduced by increasing the slab thickness, 
but this is generally an uneconomical procedure, it being better to increase 
the size of the drop itself. The shear around the perimeter of the drop is 
found by the formula 

V - w (I* - b 2) 

in which V - total vertical shear acting on all four sides of the drop, in 
pounds; 

w - total live and dead load in pounds per square foot of floor area; 
L* — area of the panel in square feet; 

6* - area of the drop in square feet.* 

• The Joint Code computes the unit shearing-stress on a vertical section which lies at a 
distance of I* — 1H in from the edge of the drop-panel and parallel with it; Is “■ thick* 
ness of slab. 
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Having found the value of V, the unit shearing stress, usually limited by code 
to 60 lb per sq in is found by the formula 


bjd 

in which v - unit shearing-stress around the perimeter of the drop, in 
pounds per square inch; 
b «■ perimeter of the drop in inches; 
j — 0.875 (an approximation used in shear computations); 
d ■■ effective depth of the slab; distance from the compression 
face to the center of tension-steel, in inches. 

(4) Determine the size of the column 
capital. Most codes give a limiting 
size as a function of the span; this is 
ordinarily 0.225 L. 

(5) Determine the thickness of the 
slab and drop, thereby obtaining the 
amount which the drop should project 
below the soffit of the slab. The total 
thickness [of concrete at this section 
must be such as to resist the negative 
moment on the column-head section 
and the shear around the perimeter of 
the column capital. The first require¬ 
ment is met by the application of the 
following formula, 



\2M 

" VJdkb 


fcjkb 

in which d — effective depth of com¬ 
bined slab and drop 
in inches, from lower 
surface of slab to cen¬ 
ter of reinforcement; 
M — bending moment in 
inch-pounds at the 
column head section; 
Sc - compressive unit stress 
in extreme fibers of 
concrete in pounds per 
square inch; 

b - width of drop in inches; 
j and k are factors obtained 
from Tables VI and 
VII, corresponding to 
the stresses employed. 
The total vertical shear is computed and the unit shearing-stress is checked 
by the formulas 


| Finish 1st Floor, 

£|4'*3-V , 0 Horizontal Rod* 

j-H"0 Vertical Rod* l'fi” on Center* 

J &1 2-H"<P Rods Continuous Around 
yA/ Building 

_^Top of Footing 

Fig. 37. Flat Slab Construction. Vertical Section 
Showing Lintel Beams and Panel Walls 


V - w (i* -j X cj andr,-i 
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in which V — total vertical shear, in pounds, acting on the section around the 
perimeter of the column capital; 

w ■■ total live and dead load in pounds per square foot of floor area; 
L * — area of the panel in square feet; 
c -• diameter of the column capital, in feet; 

— unit punching shear around the perimeter of the column cap¬ 
ital, in pounds per square inch; 
b — perimeter of the column capital, in inches;* 
j — 0.875 (an approximation used in shear computations); 
d t as noted above. 

The value of V 2 is usually limited in this computation to 120 lb per sq in. 

The Joint Code limits the total thickness of slab and drop to between 
lj^ t and f, where t represents the slab thickness. 

(6) Compute the moments on the various design-sections as required by 
the code selected. This is a simple matter requiring first the computation 
for W, which is merely the area of the panel multiplied by the total live and 
dead load per sq ft on the panel, including the weight of the drop; and a deter¬ 
mination of the value to be used for L as defined in the code. 

All codes and rulings divide the panel, for purposes of design, into two strips, 
each of which, in each direction, is reinforced to resist positive bending 
moments near the centers of spans, and negative bending moments along 
lines connecting the columns. These strips are defined by the Chicago 
Building Code as follows: 

“For the purpose of establishing the bending moments and the resisting 
moments of a square panel, the panel shall be divided into strips known as 
strip A and strip B. Strip A shall include the reinforcement and slab in a 
width extending from the center line of the columns for a distance each side 
of this center line equal to one-quarter Q/£) of the panel length. Strip B 
shall include the reinforcement and slab in the half width remaining in the 
center of the panel. At right-angles to these strips, the panel shall be divided 
into similar strips A and B, having the same widths and relations to the center 
line of the columns as the above strips. These strips shall be for designing 
purposes only, and are not intended as the boundary lines of any bands of 
steel used.” 

With drops and capitals conforming to the previous requirements, the fol¬ 
lowing moment coefficients are used in Chicago and New York; the third 
column gives those recommended by the Joint Code, for the special case 


Table IX. Comparison of Design Moments for Girderless Floors 

Two-way reinforcement with drops 


Section 

Moment coefficients | 

Chicago 

New York 

Joint code 

Strip A over columns. 

Strip A midway between columns 

Strip B over columns. 

Strip B midway between columns 

- WL/30 
+ WL/60 

- IFL/120 
+ WT./120 

- WL/32 
+ WL/80 

- WLf 133 
+ WLI 133 

- WL/30.S 
+ WLfVt 

- WX/102.S 
+ wr./i02.5 


* The Joint Code computes the unit shearing-stress on a vertical section which lies at 
a distance of fi — IH in from the edge of the column caoital and parallel with it; » com* 
bined thickness of slab and drop. 
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when the diameter of the column capital c -> 0.225 times the average length 
of span, L. 

(7) Compute the steel areas required by the bending moments at the vari¬ 
ous design sections. 

(8) Select the rods, or bars, to give the desired areas for the sections of 
positive moment (at center spans); %-in or %-in rounds are usually the most 
suitable, although %-in and %-in rounds are sometimes used. For the sake 
of economy, the designer should avoid a close spacing and good practice does 
not permit a distance between rods more than times the slab thickness. 
These considerations usually result in spacings between 6 and 10 in. 

(9) Determine the arrangement of rods to give the areas required for the 
sections of negative moment (over supports), by means of lapping. As the 
area of the reinforcement for the positive moments is not often exactly one- 
half that for the negative moments, short rods are used to make up the 
required sectional areas. 

(10) Note the points of bend, length of laps and anchorage at terminations. 
Make a final check on the detailed requirements of the code, or ruling govern¬ 
ing the design. 

Typical Design of Girderless Floor Construction 

(Chicago Code, 2-way reinforcement with drops) 

Specification data: /* - 18 000 lb per sq in 
fc — 700 lb per sq in 

v - 60 lb per sq in (unit shearing-stress around perim¬ 
eter of drop) 

t> 2 — 120 lb per sq in (unit shearing-stress around perim¬ 
eter of column capital). 

Panel data: Dimensions center-to-center of columns, 20 ft by 20 ft 
Superimposed load, 200 lb per sq ft 
Drops are to be used 

Under this code the panel is divided into two strips known as strip A and 
strip B. Strip A corresponds to the column-strip of the Joint Code designa¬ 
tion (Fig. 35) and strip B corresponds to the middle strip. 

(1) Length of span, L — 20 ft 

(2) Slab thickness not less than 

(a) t - 6 in 

(4) ‘ - (Hi) L - 2 % 2 - 0.625 ft - 7 H in 
(c) t - Vw/u 

A slab thickness of 8 in is assumed. Then, allowing 4 lb per sq ft of bay 
for the weight of the drop 

W - (200 + 100) X 400 - 120 000 lb 

and 

/ - 7.88 in 

Accept a slab-thickness equal to 8 in 

(3) Width of drop not less than 

(a) 0.33 L - 0.33 X 20 - 6 ft 8 in 

A width of 0.35 L - 7 ft is assumed 
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(b) Vertical shear around perimeter of drop: 

V — w(L* — b *) - 300 (20)* - (7)* - 105 300 ib 

V 105 300 


v - rr; 


4 X 84 X 0.875 X 6.5 


- 55 lb per sq in 



Fig. 38. Flat Slab Construction. Details of Reinforcement for a Typical Intend 

Panel 


in which (4 X 84) is the perimeter of the drop and 6.5 the effective depth of 
the slab, both in inches. As 60 lb per sq in is permitted, accept a square drop 
with side equal to 7 ft 0 in. 

(4) Size of column capital 

A circular capital with a diameter equal to 0.225 L is chosen from code 
requirements. Then, 

0.225 L - 0.225 X 20 - 4 ft 6 in 













I Detail of 
J Hookod 
i Column 
{ Rods in. 
Top Story 
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Total thickness is 10.05 + 1.50, or llj^-in 

(b) Punching-shear around perimeter of column capital. 


V - w ^ - 300 (20)* - 


3.14 X (4.5)* 


- 115 2001b 


By formula 


V 115 200 

*~Vd- 3.14 X 54 X 0.875 X 10.25 ' 76 lb 8(1 m 


in which (3.14 X 54) is the perimeter of the column capital, and 10.25 the 
effective depth of the combined slab and drop, both in inches. As 120 lb per 
sq in is permitted on this section, the depth of the drop is controlled by the 
compressive strength of the concrete (see paragraph (a) above) and the offset 
may be 3j^ in, making the total depth llj^ in. 

(6) Moments: 


W - (20 X 20 X 296) + (7 X 7 X 42) - 120 460 lb 


Band A, from formulas in code, 

-M - U L/30 - 120 460 X 20 X 12/30 - 963 700 in-lb 
4 M - IVL/60 - 120 460 X 20 X 12/60 - 481 840 in-lb 


Band B , from foiciulas in code, 

- M - + M - WLI 120 - 120 460 X 20 X 12/120 - =fc 240 900 in-lb 

(7) Steel areas: 

Band A: 

. . , , M 963 700 „ ^ 

Negative re.nforcement A,-—- woo0xoi „ xlojs - 


Positive reinforcement As 
Band B : 

Both positive and negative *1$ 


M 481 840 

--- n 4.36 so in 

fsjd 18 000 X 0.877 X 7 91 


240 900 

18 000 X 0.877 X 7 


-2.18 sq in 


(8) Band A : Accept 15 %-ln round rods (A s - 4.60 sq in) each way, which 
give the sectional area required for the positive moment. 

Band B: Accept 12 J^-in round rods (.4$ — 2.28 sq in) each way, which 
give the sectional area required for the positive moment. 

(9) Band A; As the negative moment requires a sectional area of 5.95 sq in 
over supports (along center lines of columns), 10 of the %-in rods are raised 
from each bay along the line of inflection, making 20 rods in all and supplying 
20 X 0.307 ■■ 6.14 sq in to resist the negative bending moment. 

Band B: As the negative moment is equal to the positive moment, 6 of the 
12 J^-in rods are raised from each bay along the line of inflection, making 
12 rods in all and supplying 12 X 0.19 — 2.28 sq in to resist the negative 
bending moment. 

(10) The bent rods of both bands, in both directions, should extend entirely 
across the panel and to the quarter points of adjacent bays. 

The straight rods should extend twenty rod-diameters each side of the lines 
of inflection. The point of inflection is considered as being one-quarter the 
distance center to center of columns, both cross-wise and diagonally, from 
the center of the column. 
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Design of Reinforced Concrete Columns 

Loads on Columns. The weight carried by a column is usually computed 
by multiplying the area of the supported bay by the live load and dead load 
per sq ft of floor area. If floor loads are not uniformly distributed, the 
load on a column may be found by adding together the reactions of the 
members framing into the column. In any case, the live load should be kept 
separate from the dead load in order that any allowable reductions may be 
easily made. 

The dead load on a column is the weight of the permanent structure 
which the column supports including partitions, floor slabs, flooring, the 
webs of T beams and the weight of the column itself. The live load is the 
load per square foot on the floor, or roof area for which the building is 
designed in excess of its own weight and may be reduced under certain con¬ 
ditions. For example, when the character of the occupancy is such that the 
full load is never placed simultaneously on all floor areas, most city ordinances 
permit a 5% reduction of live load on each floor below the top floor, for 
buildings more than five stories in height, provided that the total reduction 
shall be not more than 50% of the live load. This means that the live load 
on the floor next below the top floor may be assumed to be 95% of the live 
load for which the building is designed, on the next lower floor 90%, and each 
succeeding lower floor correspondingly decreasing percentages, down to 50% 
of the required load; this percentage is used for the remaining lower floors. 

Although the end reactions on beams and girders, and consequently the 
loads carried by supporting columns, vary within narrow limits, following the 
conditions of end-support, it is customary to assume that uniformly distrib¬ 
uted loads are equally divided between the supporting members. 

Bending Moments on Columns. The two general cases that occur in 
building design are, first, an interior column supporting beams of unequal 
spans, or beams of equal spans with unbalanced live loads and, secondly, an 
exterior column supporting one end of a non-continuous beam. The pro¬ 
cedure, when bending must be considered, is to make a somewhat liberal 
design and then to check the fiber-stresses by combining the effect of axial 
load and moment. As the computations are somewhat involved, they are 
not given in this text. 

Types of Concrete Columns. (See Fig. 40.) There are three styles of col¬ 
umns now extensively used for buildings constructed of reinforced concrete. 
These are characterized by the type of reinforcement employed. 

The rodded or hooped column, of round, square, or oblong section, con¬ 
tains vertical reinforcement in the form of rods or bars tied together by steel 
hoops or ties, placed from 8 to 12 in apart and formed of J^-in or %-in 
round steel. 

The spiralled or laterally reinforced column contains vertical rein- * 
forcement in the form of rods or bars and lateral reinforcement in the form 
of spirally wound wire held in place by 3 or 4 spiral spaces and varying in 
diameter from J^-in round to JHJ-in round. 

The third type of column which has recently come into general use, for the 
purpose of reducing the size of the cross-section required through the lower 
stories of comparatively high buildings, is known as the cored column. (See 
Kg. 41.) Such are composed of structural steel H sections, often weighing 
over 200 lb per lin ft, surrounded by 4 in of stone concrete reinforced by 
vertical rods, or bars, enclosed within a medium-weight spiral. The column 
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Fig. 41. Structural Steel H Sections Used as Cores for Reinforced-Concrete Columns 
Supporting Girderless Floor Construction 
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cores, often extending through five or six stories, are equipped with angle 
brackets at the floor levels and are used for the interior supports of buildings 
otherwise framed throughout in reinforced concrete. 

Column Dimensions. A pier is defined as a compression member, the 
height of which does not exceed three times its least lateral dimension or 
diameter; when concentrically loaded reinforcement is not required and the 
cross-sectional area is determined by dividing the load to be carried by the 
allowable compressive unit stress in the concrete, assumed to be of the 
ultimate crushing strength. The height of a column is usually limited by a 
so-called slenderness ratio as well as a minimum or least width. If / 
denotes the unsupported height, and r the least width or diameter, measured 
from the outside surface, it is desirable to limit the ratio of l/r to 15. 

If the height of a spiralled or cored column, divided by the least radius 
of gyration of the column core, exceeds 50, the following formula may be used 
to determine the safe load: 

p '- p ( 15 ° - ish) 

If the height of a rodded column divided by the least radius of gyration 
of the column section exceeds 40, the following formula applies: 

P' - P fl.33-—^ 

\ 120 R) 

In both formulas 

P' - total safe axial-load on long column, in pounds; 

P - total safe axial-load on column the length of which does not exceed 
11 times its least cross-sectional dimension, in pounds; 
h — unsupported length of column, in feet; 

R - least radius of gyration of column core, in feet. 

The radius of gyration for any section is determined by the formula 



in which I - moment of inertia of the section; 

A - the section-area. 

Although small columns of a secondary nature such as those supporting 
stair-landings may be built 6 in square, the principal columns of a building 
should never be less than 12 in in diameter, or least width, measured from the 
outside surface. Good practice requires a minimum diameter of 16 in for 
round columns supporting girderless floor construction, and a minimum 
14 in thickness for the exterior columns of industrial buildings, even if the 
sectional area of concrete is in excess of that required to carry the imposed 
loads. Neither should the diameter or least width of a column be less than 
J’fs of the average center-to-center span of the supported bay. 

General Principles Governing the Economic Design of Reinforced-Concrete 
Columns. Comparatively light loads, such as those carried by the interior 
columns in the upper stories of buildings, are most economically supported 
by rodded columns. The amount of vertical steel that may be used as 
reinforcement is expressed as a percentage of either the gross area of the 
column, or of the net area, the latter being determined by deducting the 
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fire-proofing allowance from the over-all dimensions. Both the maximum 
and minimum percentages of steel are controlled by building ordinances and 
the values range from to 4% of the effective concrete-section.* From 
the viewpoint of economy, it is usually desirable to increase the column size 
or use a richer mixture than to add vertical steel for the purpose of carrying 
load. It is extremely important, however, to have enough vertical steel to 
resist bending which may be induced by the unsymmetrical loading of inte¬ 
rior bays and which is always present in exterior columns. There is no choice 
between the use of square or round steel; rods are ordinarily lapped a dis¬ 
tance of 20 diameters or a minimum of 2 ft at floor levels. Vertical steel in 
the lowest tier of columns is either anchored into the footings or bonded by 
dowels. The vertical steel in top-story columns is normally cut off 3 in under 
the surface of the rough slab forming the roof. Exposed bonds, intended to 
join present work with future extensions, should be protected from rusting. 

The hoops or tiles serve the purpose of preventing the vertical reinforce¬ 
ment from buckling under load. Most building codes require a vertical 
spacing of hoops not over 15 times the diameter of the vertical steel with 
a maximum of 12 in. Good practice demands J^-in round hoops at least 
12 in on centers. The vertical reinforcement in typical columns of this 
class usually consists of from 4 to 10 round rods varying in diameter from 
% in to \ l /i in; four %-in rounds should be considered a minimum for square 
columns and six 5^-in rounds a minimum for round columns. At floor levels 
where column sizes are reduced, the reinforcement of the larger column 
below is bent toward the center so as to lap the rods above. The lengths of 
laps should be at least 30 bar diameters for plain steel and 24 diameters for 
deformed rods or bars. 

Spiralled columns are generally used throughout the interiors of build¬ 
ings to carry comparatively heavy loads. The amount of vertical reinforce¬ 
ment is expressed as a percentage of the area of the concrete core enclosed 
within the spiral; maximum and minimum limits are established by all 
building ordinances, varying between 1 and 4%. The spiral is expressed as 
a percentage of the volume of the enclosed concrete and varies from 
to2 %. 

Although it is important to employ enough vertical reinforcement to resist 
any possible bending stresses, vertical steel is an expensive material for 
carrying load in reinforced-concrete columns. Economy is obtained by using 
a rich mixture of concrete and as high a percentage of spiral as the code, or 
specification, will permit. 

The pitch op spirals varies between lf^-in minimum and 3-in maximum; 
spirals are usually cut off 9 in below the surface of the rough floor slab in 
order that they may not interfere with the reinforcement of the floor system. 

Columns of this type require three or four spiral spacers which retain 
the spiral in its desired position. The rods comprising the vertical rein¬ 
forcement should always be sufficiently separated to permit the concrete to 
thoroughly surround the steel. Six J^-in round rods should be considered a 
minimum in columns of this type. 

The Effective Area of Columns. The effective area of a column is that 
area which is considered as capable of carrying load. In the case of rodded 
columns some city ordinances and many designers permit the gross cross- 
section to be used. Many others demand that the two outer inches be con¬ 
sidered only as fireproofing. This makes a considerable difference in small 

* The minimum allowed by the Joint Code is H%, and the maximum to be considered 
In the computations is 2%; both percentages are based on the total area of the column. 
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columns; for example, a 12-in X 12-in column under the first method would 
have 144 sq in of effective sectional-area and only 64 sq in under the second 
method. Whatever method is applied, the percentages of reinforcement are 
always based upon the area that is considered effective. 

In the case of spiralled columns there is no difference in treatment; the 
SECTION ENCLOSED WITHIN THE SPIRAL IS ALWAYS CONSIDERED AS THE EFFEC¬ 
TIVE area and the concrete, usually 2 in thick outside of the spiral, is disre¬ 
garded. 

When computing the load-carrying capacity of cored columns the value 
of the concrete casing is also disregarded, the structural steel core being 
designed to carry the entire load. 

Design Formulas for Rodded Columns. The design of rodded columns 
is practically the same in all parts of the country. The total safe axial-load 
is computed as the sum of the loads which can be carried by the concrete and 
the steel. Each is found by multiplying the effective area of the material 
by its working stress in compression. 

Let A m total effective cross-sectional area of column, in square inches; 

A 0 ° section-area of longitudinal steel, in square inches; 

Ac *» effective section-area of concrete, in square inches; 

p m steel-ratio, A 0 jA; 

P — total safe axial-load on column the length of which does not exceed 
11 times its least cross-sectional dimension, in pounds; 

n - ratio of modulus of elasticity of steel to modulus of elasticity of 
concrete; 

/ - average compressive unit stress, P[A y in the column, in pounds 
per square inch; 

fc - average compressive unit stress in concrete, in pounds per square 
inch; 

f'c "■ ultimate crushing unit strength of concrete at age of 28 days; 
in pounds per square inch; 

/'* *• compressive unit stress in vertical steel, in pounds per square inch. 

Then 

P « fcAc + f'sAo 

Since the unit compressive stress in the steel can be considered equal to 
the unit compressive stress in the concrete, multiplied by the ratio of the 
modulus of elasticity of concrete, f's is replaced by nfc and 

P m fc A -f* nfcAo 

But 

Ac ■■ A Ao 

Substituting, 

P - fc HA - Ao) + nAo) -/ c M + (»- 1) A 0 ] 

Replacing Ao by pA and transposing 


P-/^[l + (n-l) p] 

Let 

p 

f -* the average compressive unit stress -j, in the column, 

A 

in lb per sq in, 

Then 

/-•£-/« u + (»-i)i>] 
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Tables X, XI, XII, XIII, and XIV have been developed to assist in the 
design of hooped and spiralled columns. 

Design Procedure for Rodded Columns. (1) Determine the value of 
/ equal to fc [1 + (n — 1) p) for the required concrete stress, value of n and 
minimum percentage of vertical steel which the code requirements and good 
judgment permit. It should be remembered that as the value of n is less for 
the richer mixtures of concrete, there is a reduction in the load-bearing value 
of the reinforcement as that of the concrete is increased. For example, if 
fc - 500, n is assumed as 15 and/'* - 7 500 lb per sq in. life - 600, n is 
assumed as 12 and the unit compressive stress on the reinforcement /'# would 
be 7 200 lb per sq in. 

p 

(2) Compute the effective area of the column by the formula A «■ —. 

(3) From Tables X and XI pick out a column having an effective cross- 
section equal to or greater than this value. 

(4) From Tables X and XI choose the vertical reinforcement to give a sec¬ 
tional area corresponding to the value of p assumed in (1). 

(5) Note the size and spacing of hoops, laps and the thickness of insulation 
for fire or weather resistance. Knowing the size and percentage of reinforce¬ 
ment, the load-carrying capacity of a column may be checked by the formula 

P -f c A[ 1 + (i» - 1) p] 

Typical Design for Rodded Columns 

These examples apply to columns of any section (round, square, oblong, 
etc.) provided that the least lateral dimension is not less than one-fifteenth 
of the unstayed height. 

Specification data: fc — 600 lb per sq in 

n - 12 

Minimum ratio of vertical steel; 0.5% based on net 
area of cross-section: fireproofing 2 in thick. 

Example 1. Design a round column to carry an axial load of 160 000 lb, 
including the weight of the column. For the sake of economy use the mini¬ 
mum amount of vertical reinforcement, 0.5% of the net sectional area. 

p 

(1) The value of the average unit compressive stress, —, is then, 

A 

5 - fc [1 + (tt — 1) p) - 633 lb per sq in. 

(2) A - P!f - 160 000/633 - 252 sq in. 

(3) From Table XI it is seen that this area is given by an 18-in round col¬ 
umn, gross diameter 22 in. 

(4) Area of vertical steel A* » A X p ■» 254.4 X 0.005 « 1.28 sq in. 

(5) Accept 5%-in round rods with >£-in round hoops spaced at % in X 15 
- 9 in on centers. The steel rods should be placed 2 in inside of the surface. 
Splices at floor levels should be lapped 24 in. 

Example 9. If it is desired to compute the maximum load that a round 
column of 22-in gross diameter can carry under any specified stresses, the 
procedure is to use the maximum allowable percentage of vertical reinforce* 
ment and to apply formula 


P-/^[l + (n-l)f] 
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If 4% of steel is used with the same stresses as employed in the first example, 
P - 600 X 254.4 [1 + (12 - 1) X 0.04] - 219 800 lb 

The reinforcement is then Ao - A X P — 254.4 x 0.04 - 10.18 sq in. 
Accept 13 1-in round rods with J^-in round hoops spaced at 12 in on centers. 
The steel should be placed 2 in inside of the surface. Splices at floor levels 
should be lapped 24 in. In this case it would be more economical to use 
either a spiral reinforcement (Fig. 40), or a somewhat larger section instead 
of so much vertical steel (about 35 lb per lin ft). 

Design Procedure for Columns with Spiral Reinforcement. Owing to the 
lack of uniformity in the design of spiralled columns, it is impossible to offer 
any method which will be generally applicable. If the designer is governed 
by the requirements of a local building ordinance, there is very little choice 
in method. 

Where the designer is free to select his own formulas, those proposed by 
the Joint Code offer a satisfactory solution. This recommendation specifies 
that: 

“The permissible axial load on columns reinforced with longitudinal bars 
and closely spaced spirals enclosing a circular core, shall not be greater than 
that determined by formula 

P-Ac [! + (*- 1 )p)fc 

in which A c is the area of the concrete core within the outer circumference 
of the spiral hooping, and the value of j c is given by the formula, 

Sc - [300 + (0.10 -b 4/>) f'c] 

“The longitudinal reinforcement shall consist of at least six bars of mini¬ 
mum diameter of in and of an effective cross-sectional area not less than 
1%, nor more than 6% of that of the core. The number of longitudinal bars 
concentrated in the ring at the periphery of the core shall be governed by the 
spacing requirements previously cited. If all the bars cannot be placed at 
the periphery of the core, the bars within shall be stayed at intervals of 24 in, 
and shall not be nearer to the outer ring than two-tenths times the core diam¬ 
eter. When the ratio of reinforcement in a spirally reinforced column is 
greater than 4%, special placing drawings illustrating the proper distribution 
of steel shall be submitted with the detail plans. Splices in longitudinal rein¬ 
forcement shall provide a lap of at least 24-bar diameters for deformed bars, 
and 30 diameters for plain bars. 

“The ratio of the spiral reinforcement shall be not less than one-fourth the 
ratio of the longitudinal reinforcement. Spiral leinforcement shall consist 
of evenly spaced continuous spirals held firmly in place and true to line by 
at least three vertical spacer bars. At the ends of all spirals and at points 
of splice, the outside diameter shall be maintained. The spacing of the 
spirals shall not be greater than one-sixth of the diameter of the core and in 
no case more than 3 in. 

u Reinforcement shall be protected everywhere by a covering of concrete 
cast monolithic with the core which shall have a minimum thickness of 
in.” 

It is generally economical, however, to use as low a percentage of vertical 
Steel and as high a percentage of spiral steel as the code or specification 

p 

permits. Having determined upon these percentages, the value of / « — 

A 

may be computed for the most economical combination of concrete mixture^ 
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vertical and spiral steel. Individual columns can. then be designed by dividing 
this value into the column load, giving an effective area which will be satis¬ 
factory provided the designer then chooses vertical steel and spiralled rein¬ 
forcement to meet the assumed percentages. As it is not always possible to 
obtain the exact values desired, some adjustment may be necessary and, 
within the limits previously given, vertical steel can always be added when 
it is necessary to reduce the diameter of a column. Tables XII, XIII and 
XIV give spiral percentages which are of general application. 

Design Procedure for Cored Columns. Cored columns are customarily 
used through heights of several stories; the section is designed to carry the 
load in the uppermost story, and plates added through the lower stories to 
take the increments due to floor loads. 

The structural steel core is designed to carry the entire load employing 
whatever fiber stress may be allowed in compression for the grade of steel 
used. The spiral, of diameter equal to the maximum horizontal dimension 
of the core, plus 4 in, is designed to supply a steel volume equal to }^% of 
the enclosed core. Four in of stone-concrete fireproofing is then designed to 
surround the structural-steel core and this shell is reinforced by vertical rods, 
their sectional area totaling of the area within the spiral. The limiting 
unstayed height to which this method of design should be applied is given by 
the ratio of lJr which should not exceed the value of 15. 

Typical Design for Spiralled Columns 

Spiralled columns are usually round in section, but this type of reinforce¬ 
ment may be used in columns of any shape provided that the least lateral 
dimension of the core, enclosed by the spiral, is not less than one-fifteenth of 
the unstayed height. 

Specification data: f c - 600 or/'c - 2 500 lb per sq in 

n - 12 

Design a round column to carry an axial load of 220 000 lb, including the 
weight of the column: 

Example 1, in accordance with the New York City Building Code. Thi$ 
ordinance places limits of 1% and 4% on the amount of vertical reinforce¬ 
ment, and confines the spiral within the range from to 2%. Assuming 
that the minimum allowable percentage of vertical steel is satisfactory, a 
p 

value of / - — is found for 1% vertical and 2% spiral. From the building 
A 

ordinance, 

/- j -/•»+(«—i)ri + 2>7„ 

in which p ' - percentage of spiral, based on the volume of the enclosed core; 

fsi ■■ unit working tensile stress in spiral reinforcement (20 000 lb 
per sq in for cold drawn steel wire) 

(1) / - 600 [1 4- (12 - 1)0.01} 4- 2 X 0.02 X 20 000 - 1 466 lb per sq in 

(2) A - P/f - 220 000/1 466 - 150 sq in 

(3) This area is given by & 14-in (154 sq in) round column. Allowing the 
minimum thickness of fireproofing permitted by this code, 2 in, the gross 
diameter is 18 in. 

(4) Vertical steel A 0 - A X P - 154 X 0.01 - 1.54 sq in. Accept 
in round rods. 
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Table X. Safe Loads on Concrete in Units of 1 000 Lb for Square 
Concrete Columns, Hooped 


Hoops 

5==^ T 


D ■■ width in inches 

A D* m gross section-area in square inches 

P «■ safe loads on gross area of concrete in units of 1 000 lb 



P 

at 500 lb 
per sq in 

72.0 
84 5 
98.0 

112.5 
128.0 
144 5 
162 0 
180 5 
200 0 
220 5 
242.0 
264 5 
288.0 
312 5 
338 0 
364 5 
392 0 
420 5 
450 0 
480 5 
512.0 

544.5 
578.0 

612.5 
648 0 
684 5 
722.0 

760.5 
800 0 
840 5 
882.0 

924.5 
968 0 

1 012.5 
1 058.0 
1 104 5 
1 152 0 
1 200 5 
1 250 0 
1 300 5 
1 352.0 
1 404.5 
1 458.0 
1 512.5 
1 568.0 
1 624.5 
1 682.0 
1 740.5 
1 800.0 
1 860.5 





008 

6 


058 

.4 


109 

.4 


161 

.6 


215 

.0 


269 

.6 


325 

.4 


382, 

.4 


440, 

6 


500. 

0 


560. 

6 


622. 

,4 


685. 

4 


749, 

6 


815 

0 


881. 

6 


949. 

4 

2 

018. 

4 

2 

088. 

6 

2 

160. 

0 

2 

232. 

6 


5.76 

6.76 
7.84 
9.00 

10.24 

11.56 

12.96 

14.44 
16.00 

17.64 

19.36 
21 16 
23.04 
25.00 
27 04 

29.16 

31.36 

33.64 
36.00 

38.44 

40.96 

43.56 

46.24 
49.00 

51.84 

54.76 

57.76 

60.84 
64.00 

67.24 

70.56 

73.96 
77 44 
81.00 

84.64 

88.36 

92.16 
96.04 

100.00 

104.04 

108.16 

112.36 

116.64 

121.00 

125.44 

129.96 

134.56 

139.24 

144.00 

148.84 
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Table XL Safe Loads on Concrete in Units of 1 000 Lb for Round 
Concrete Columns, Hooped 


Hoops 




D m diameter in inches 

A — 0.7854 D r —gross section-area, in square inches 
P — safe loads on gross area of concrete, in units of 1 000 lb 



A 

sq in 

P 

at 500 1b 
per sq in 

113.1 

56.55 

132.7 
153.9 

176.7 

66.35 
76.95 

88.35 

201.0 

100.50 

227.0 

113.50 

254.4 

127.20 

283.5 

141.75 

314.1 

157.05 

346.3 

173.15 

380.1 

190.05 

415.4 

207.70 

452.3 

226.15 

490.8 

245.40 

530.9 

265.45 

572.5 

286.25 

615.7 

307.85 

660.5 

330.25 

706.8 

353.40 

754.7 

377.35 

804.7 

402.10 

855.3 

427.65 

907.9 

453.95 

962.1 

481.05 

1 017.8 

508.90 

1 075.2 

537.60 

1 134.1 

567.05 

1 194.5 

597.25 

1 256.6 

628.30 

1 320.2 

660.10 

1 385.4 

692.70 

1 452.2 

726.10 

1 520.5 

760.25 

1 590.4 

795.20 

1 661.9 

830.95 

1 734.9 

867.45 

1 809.5 

904.75 

1 885.7 

942.85 

1 963.5 

981.75 

2 042 8 

1 021.40 

2 123.7 

1 061.85 

2 206.1 

1 103.05 

2 290.2 

1 145.10 

2 375.8 

1 187,90 

2 463.0 

1 231.50 

2 551.7 

1 275.85 

2 642.0 

1 321.00 

2 733.9 

1 366.95 

2 827.4 

1 413.70 

2 922.4 

1 461.20 


P 

at 600 1b 
per aq in 



106. 

02 


120. 

60 


136. 

20 


152. 

64 


170. 

10 


188. 

46 


207. 

78 


228. 

06 


249. 

24 


271. 

38 


294. 

48 


318. 

54 


343. 

50 


369. 

42 


396. 

30 


424. 

08 


452. 

82 


482. 

52 


513. 

18 


544. 

,74 


577. 

26 


610. 

68 


645. 

12 


680. 

46 


716. 

,70 


753, 

.96 


792, 

,12 


831, 

.24 


871 

.32 


912 

.30 


954 

.24 


997 

.14 


040 

.94 


085 

.70 


131 

.42 


178 

.10 


225 

.68 


274 

.22 


323 

.66 


374 

.12 


425 

.48 


477 

.80 


531 

.02 


585 

.20 


640 

.34 


696 

.44 


753 

.44 
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Table ^ Percentages of Spiral Reinforcement in Round Concrete 

Columns 

Diameter of spiral reinforcement, % in 
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Table X£D. Percentages of Spiral Reinforcement in Round 
Concrete Columns 

Diameter of spiral reinforcement, ^ in 
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Table XIV. Percentages of Spiral Reinforcement in Round 
Concrete Columns 


Diameter of spiral reinforcement, % in 


D — diameter of spiral in inches 

Limits of percentage, % 

pitch of spiral reinforcement in in 

Minimum — 0 5, maximum■■2.0 

A section-area of spiral reinforce- 

Limits of pitch, p 

ment 

Maximum — D/6, and 3 in 

%—percentage of spiral reinforce¬ 


ment«4X^7^ 


Dp 




1.31 


•83 
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(5) Spiral steel, from Table XII, %-in reinforcement, l^g-in pitch (1.94%). 

(6) The vertical rods are placed inside the spiral which requires, under this 
code, 4 spiral spaces. The vertical steel should be lapped 18 in at floor 
levels and the spiral stopped sufficiently below the level of the floor to avoid 
interference with the reinforcement of the floor slabs or girders. 

Example 2, in accordance with the Joint Standard Building Code. This 
specification places limits of 1% and 6% on the amount of vertical steel, and 
requires that the ratio of the spiral reinforcement be not less than one-fourth 
the ratio of the longitudinal reinforcement. Assuming a ratio of 4% vertical 
P 

and 1% spiral, a value of / — --is determined. From the code, 

A 

(1) f e - [300 + (0.10 + 4 X 0.04) X 2 500] - 950 lb per sq in. 

/ - L - [1 + („ _ 1) p] f e - [1 + (11 X 0.04)] X 950 - 1 370 lb 
per sq in. 

(2) A - Pff - 220 000/1 370 - 161 sq in. 

(3) This area is given by a 15-in (177 sq in) round column (Table XI) 
Allowing the minimum thickness of fireproofing permitted by this code 
lj^ in, the gross diameter is 18 in. 

(4) Vertical steel Ao m A X P 177 X 0.04 — 7.06 sq in. Accept 
12 %-in round rods. 

(5) Spiral steel, from Table XII, ^&-in reinforcement, 2%-in pitch (1.02%). 

(6) The vertical rods are placed inside the spiral which requires, under this 
code, 3 spiral spaces. The vertical steel should be lapped 24 bar-diameters 
for deformed bars and 30 diameters for plain rods or bars. 

Design of Reinforced-Concrete Footings 

Loads on Footings. The load used in determining the soil-bearing area of 
a footing is the load used in the design of the column in the story immediately 
above the footing considered (which load has already been subjected to any 
allowable live load reductions, see under Loads on Columns) plus any live 
load or dead load in that story, plus the weight of the pedestal if there is one, 
plus the estimated weight of the footing itself. Basement floors resting on 
the material of the foundation bed are not ordinarily considered as contribut¬ 
ing to the loads on footings. 

The design load used in determining the thickness and reinforcement of a 
footing slab, is the load as defined above, less the weight of the footing. In 
the design of soil footings this load is assumed to be uniformly distributed 
over the area of the footing; when designing footings over pile groups, the 
pile reactions are treated as concentrated loads, each acting at the center line 
of the pile and equal to the safe-bearing capacity of the pile. 

Proportionment of Footing Areas. The proportionment of footing areas 
follows the principles outlined in Chapter II. 

Pile Foundations under Concrete Footings* The supporting power of 
wood and concrete piles is computed as described in Chapter II. The con¬ 
crete composing the footing slab is designed of sufficient size and thickness to 
cover the piles and to provide for the various stresses. The design of footing 
slabs over either wood or concrete piles is entirely similar to the design of 
footings upon soil except that it is customary to compute the punching shears 
around the perimeters of piles located near the edges of the footing slab and 
to base the computations for diagonal tension and bending moment upon the 
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individual concentrations represented by the pile reactions, instead of the 
uniform load per sq ft represented by the soil reaction. 

The butts of wooden piles should extend from 4 to 6 in into the concrete 



Fig. 42. Detail of Reinforced-Concrete Footing 
on Wood Piles 


of the footing-slab, and there 
should be from 3 to * in of 
concrete between the tops of 
the piles and the reinforcement. 
(See Fig. 42.) 

Concrete piles are extended 
at least 4 in into the concrete 
of the footing-slab, and where a 
steel casing surrounds the pile, 
3 to 4 in of concrete is required 
between the tops of the piles 
and the slab reinforcement, 
unless the casing is trimmed 
back this distance, in which 
case the reinforcement is allowed 
to lie directly upon the butts 
of the piles. (See Fig. 43.) 

Types of Concrete Footings. 
Plain concrete footings are 
used only for low, wall-bearing 


structures and for columns rest¬ 


ing upon solid rock. The width of a wall footing for a concrete, brick, or 
masonry bearing wall is determined by dividing the load per lin ft, includ¬ 
ing an assumed weight of the footing, by the allowable soil pressure. The 
footing may then be designed without reinforcement with a sufficient number 
of offsets, or steps, to 


obtain the required width, 
each step projecting be¬ 
yond the face of the one 
above, a distance equal to 
one-half the thickness of 
the step. 

Plain concrete col¬ 
umn footings may be 
designed by determining 
the footing area in the 
usual way and employing 
a stepped, or pyramidal 
form of such shape that 
all re-entrant angles lie 
outside of a line drawn 
from the base of the foot¬ 
ing, at an angle of 60° to 
the horizontal. 



Reenforced-concrete Fig. 43. Detail of Reinforced-Concrete Footing on 
FOOTINGS (Fig. 44) may Concrete Pile* 

be roughly divided into 

five groups; wall footings, independent column footings, combined 
footings, carrying usually two columns and constructed as inverted beams, 
cant oum footings, in which the eccentricity of an exterior footing is 
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resisted by a strap connected with an adjacent interior footing, and con¬ 
tinuous footings constructed as inverted beams and carrying a number of 
columns. All of these types of footings may be used either with or without 
piles. 

General Principles Governing the Design of Reinforced-Concrete Footings. 

The design of reinforced-concrete footings employes the same formulas as 
were developed for concrete beams and slabs. The footing must be sufficiently 
strong to resist stresses produced by bending moments and diagonal tension. 
Most building ordinances also require a computation for a stress known as 






t <r ' 






''J& d ■ • a 



Fig. 44. Reinforced-Concrete 
Wall Footing 





Fig. 45. Footing for One Column: 
(1) Sloped, (2) Stepped 


"punching shear” which is supposed to insure the security of the footing 
against being punched through by the superimposed column. In the case of 
pile footings, as mentioned above, it is also necessary to consider this matter 
of punching shear around the heads of the piles. 

Footings for independent columns are designed in both stepped and 
pyramidal forms (Fig. 45); the former is probably preferable owing to the 
simplicity of the form work, although the pyramidal shape uses less concrete. 
Present practice tends towards the use of a two-way reinforcement with¬ 
out diagonal steel in footing slabs of this type. The plan is normally 
square, but an oblong shape is satisfactory where space is limited. The use 
of a pedestal between the footing^slab and the base of the superimposed 
column is of value, not only in reducing the unit compression on the top sur** 
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face of the footing, but also in furnishing an easy means of leveling up the 
footings, when they are of different heights, and thus obtaining greater 
uniformity in column-construction. 

Except where pedestals are unusually high, the reinforcement consists of 

vertical rods, or dowels, con¬ 
necting the footing with the 
basement column. The dowels 
should extend into the column 
or pedestal and into the 
footing a distance of 30 
diameters for plain steel and 
24 diameters for deformed 
rods or bars. Their sectional 
area and number should be 
equivalent to the vertical 
reinforcement in the sup¬ 
ported column. The size of 
a pedestal is determined 
by the allowable compressive 
stress in the concrete, nor¬ 
mally of the ultimate 
compressive strength at an 
age of 28 days. 

Fig. 46. Combined Footing for Two Columns Good practice limits the 

COMPRESSIVE STRESS on top 
of a pedestal, or footing, directly under the columns to the value given 
by the following formula: 

ra - 0.2SA\p 

in which r a ■> permissible working stress over the loaded area, in pounds per 
square inch; 

A ■■ total area at the top of the pedestal, or footing, in square 
inches; 

A f ■■ loaded area at the column-base, in square inches; 

/'e - ultimate compressive strength of the concrete, in pounds per 
square inch. 

In doped or stepped footings A may be taken as the area of the top hori¬ 
zontal surface of the footing, or as the area of the lower base of the largest 
frustum of a pyramid, or cone, contained wholly within the footing, and 
having for its upper base the loaded area A\ and having side slopes of 1 ver¬ 
tical to 2 horizontal. 

The combined footing, carrying two columns, is used where it is impossi¬ 
ble, owing to the proximity of a property line, or other obstruction, to center 
an exterior footing beneath its supported column. A footing-slab is con¬ 
structed of sufficient size to carry the combined loads of the eccentric column 
and an adjacent, interior column, and placed so that the center of gravity of 
the combined loads passes through the center of gravity of the footing area. 
The plan is normally rectangular as this shape is simpler to build and easier 
to design. Where obstructions prevent sufficient elongation to enable a pro¬ 
fit the pedestal is reinforced by a spiral, the Joint Code allows a somewhat in* 
creased value. 
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portionment of length to breadth which permits the center of gravity of the 
area to coincide with the center of gravity of the superimposed loads, a 
trapezoidal plan is used. (See Figs. 46 and 47.) 

The CANriLEVER footing is 
resorted to under the same 
conditions as the combined 
footing, namely to overcome 
the eccentricity of an exterior 
footing which cannot be built Fig, 47 . Cantilever Footing for Two Columns 
concentric with the superim¬ 
posed column. This type is cheaper to build than the combined footing and 
is ordinarily used where the loads do not require the greater bearing area 
supplied by the latter. 

The coNriNuous footing (Fig. 48) is merely an inverted beam distributing 
the concentrated loads from the columns over the soil beneath. This type 

can be advantageously em¬ 




ployed when the loads and 
the column spacing are such 
as to supply sufficient foot¬ 
ing-area without making the 
offset on the interior of the 


Fig. 48. Continuous Footing for More than Two 
Columns 


building ' ’ider than that 
which is permitted on the 
exterior. 


Notation Applying to Footing Formulas. 

a — side of square column, or pedestal, in feet; 

As area of cross-section of main tensile reinforcement in square inches; 
b — width of footing or of the section considered, parallel to the wall 
or face of column in inches; 
d — effective depth of section in inches; 

D wm diameter of round column in feet; 
t *» the width of the horizontal top of the footing, in feet; 
fe — compressive unit stress in extreme fibers of concrete in pounds per 
square inch; 

fs - tensile unit stress in the steel in pounds per square inch; 
j « ratio of distance between center of compression of concrete and 
center of tension of steel to effective depth of section; ratio of 
arm of resisting couple to d; 

jd — distance between center of compression in concrete and center 
of tension in steel; arm of resisting couple in inches; 
k m ratio of distance of neutral axis of cross-section from extreme 
fibers in compression to effective depth of section; 
kd — distance of neutral axis from extreme fibers in compression in 
inches; 

/ «• length of the projection of the footing-slab, or distance between 
center lines of columns in combined footings, in feet; 

L - length of footing in feet; 

M «■ bending moment in inch-pounds; 

n - modulus of elasticity of steel divided by modulus of elasticity of 
concrete, Es/Eo; 

P m percentage of reinforcement • Asfbd ; 

V m total vertical shear at section considered, in pounds; 
v ■ unit shearing-stress in pounds per square inch; 
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*» unit punching shear in pounds per square inch; 
w •» unit soil-pressure — design-load divided by footing-area in pounds 
per square foot. 

Design Procedure for Concrete Wall Footings. (1) Determine the pro¬ 
jection of the footing slab on each side of the wall by dividing the weight to 
be supported, in lb per lin ft, including the weight of the wall, and the 
estimated weight of the footing itself by the unit soil pressure in lb per sq ft. 
Then w - net soil pressure in lb per sq ft - design load in lb divided by foot¬ 
ing area in sq ft 

(2) Compute the maximum bending moment at the face of the wall by the 
formula 

M = 6 wl* 


(3) Compute the depth as governed by moment 

d 


I M 

''Aicjkb 


(4) Check the depth as governed by diagonal tension 

1? - (d/12)] X 5 
V " 10 5 X d 

(5) Compute the steel area per lin ft of footing by the formula 

As 


. — 

Jsjd 


(6) Compute the bond stress and anchorage by the formulas 

V 

“ " Sojd 

i - 64) — i 

U 

in which / — length in inches required to develop the full working stress in 
the reinforcement; 

i ■■ diameter of round rod or side of square bar. 

(7) For pile-footings, check the depth as governed by the punching shear 
over the exterior row of piles 

'-5 

in which V — pile reaction in pounds; 

b — perimeter of pile in inches. 


Typical Design of a Reinforced-Concrete Wall Footing 

Specification data: fs - 18 000 lb per sq in 
fc - 650 lb per sq in 
n - 15 

v, limited to 60 lb per sq in (reinforcement anchored) 

«, limited to 150 lb per sq in (deformed bars, anchored) 
Soil load ~ 4 000 lb per sq ft 
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It is required to design a footing for a 24-in concrete bearing wail carrying 
a load, including its own weight, of 23 000 lb per lin ft. 

(1) Estimating the weight of the footing at 1 000 lb per lin ft, the footing 
width is 

24 000/4 000 - 6 ft 

The net soil pressure, w «* 23 000/6 - 3 835 lb per sq ft 

(2) Maximum moment at face of wall, 


M - 6 w/2 - 6 X 3 835 X 4 - 92 040 in-lb 

(3) The depth as governed by moment is found by formula 


J lM I 92 040 
“ y Kb ~ \ 100.8 X 12 “ m 

Accept 9 in. 

(4) The depth is checked by formula 

[/ - (J/12)] X w (2 0 - 0 75) X 3 835 


10 5 X d 


10.5 X 9 


51 lb per sq in 


Accept a depth of 9 -f 3 - 12 in. 


M 


02 040 


(5) A ' ~ fsjd 18 000 X 0 883 X 9 
Try J^-in rounds, 3j--£ in on centers. 

r<\ iri« m 2 X 3 835 

(6) u — l l^ojd 


0.64 sq in 


1.57 X 3.4 X 0.875 X 9 


- 180 lb per sq in 


in which 1.57 is the perimeter of the cross-section of a }^-in round rod and 
3.4 the number per linear foot at the required spacing. As this stress is too 
high, the number of rods is recalculated on the basis of u - 150 lb per sq in, 
for anchored reinforcement 


No of rods 


2 X 3 835 

1.57 X 0.875 X 9 X 150 


4 per lin H 


Accept }^-in round deformed rods spaced 3 in on centers: hook both ends.* 

Design Procedure for Independent Column Footings (Fig. 50). (1) Deter¬ 
mine the area of the footing-slab by dividing the load used in the design of 
the column in the story immediately above the footing, plus any live load 
or dead load in that story, plus the weight of the pedestal if there is one, 
plus the estimated weight of the footing itself, by the unit soil-pressure, in 
lb per sq ft. Then 


W ■■ net soil-pressure in pounds per square foot 
- design-load divided by footing-area 

Note that if the footing-areas are to be proportioned for equal settlement, 
the procedure given in Chapter II, Foundations, should be followed in deter¬ 
mining the areas of the footing-slabs. 

* The amount of steel required by such a design results in a very expensive footing; 
as the use of bearing walls is usually limited to low buildings, a plain concrete section is 
to be preferred. 
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(2) Compute the depth as governed by punching shear at the face of the 
column or pedestal by the formulas 


d 

d 


V 


Vib 

( L » - q3) X w 
48 av 2 


(for square footings with square columns) 


d 


( L * — 7rZ)2/4) X w 

ii.Tbvi 


(for square footings with round columns^ 


in which V — total vertical shear or upward reaction on the portion of the 
footing-slab tributary to the side of the column, or pedestal, 
of length b , in pounds per square foot; 
b =* the side of the column or pedestal in inches; 
d - effective depth of footing at face of column, or pedestal, in 
inches 






Three W' Round Rods 

_ Sss:i -iia 


14-6'6' t -»J 

« I 

Round Rods 3" on Centers 


I 

T» 


m 


m 








Fig. 49. Reinforced-Concrete Wall 
Footing 



Fig. SO. Design Diagram for a Single 
Column Footing 


For general notation see Notation Applying to 
For pile-footings, check the depth as governed 
the exterior row of piles 


d 


L 

t»2 b 


Footing Formulas. 

by the punching shear over 


in which V — pile reaction in pounds; 

b ■■ perimeter of pile in inches. 
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(3) Compute the maximum bending moment at the face of the column or 
pedestal by the formulas 

M — 6 w (<ii 4- 1.33 c\) c* (for oblong footings) 

M - 6 w (a +1-33 c) c\ 2 (for oblong footings) 

M ■» 6 w (a 4-1.20 c) c 2 (for square footings. 

with square or round columns) 

in which a - side of column, or pedestal or diameter of round column X 
0.886, either in feet; 

fli — the corresponding dimension, where two are required in the 
case of oblong footings; 

c — projection, in feet, of the footing slab beyond the face of the 
column, or pedestal (or the equivalent square, for round 
columns); 

ci « the corresponding dimension, where two are required in the 
case of oblong footings 


For general notation see Notation Applying to Footing Formulas. 

(4) The depth may be governed by the bending moment at the face of the 
column or pedestal. Check the compressive stress on the concrete at this 
section by the formula 


fc 


2 M 
jkbd* 


in which b <= the width of the horizontal top of the footing in in ■■ 12 e. 

(5) Determine the depth of the footing slab as governed by diagonal ten¬ 
sion, at a distance out from the face of the column, or pedestal, equal to the 
effective depth of the footing. For pile footings, the shear is computed along 
a section distant d/2 from the face of the column or pedestal; the loads from 
piles with centers within this section are excluded when computing V. 


d ' 


[£2 - \a 4- (d/6) 1*] X w 
42 X X [a 4- (d/6)) 


d' - V/hjv 

(for square footings with square columns) 


in which d f «= effective depth of footing in inches at a distance out from the 
face of the column, or pedestal, equal to the depth, d, of the 
footing; 

V « total vertical shear, or upward reaction, on the portion of the 
footing outside of the section d\ in pounds; 
b m perimeter of the section d ' (on all four sides of the column) 
in inches. 


(6) The section-area of the steel, in each direction, is computed by formula 

A s - M l/sjd 

(7) The bond-stresses and anchorage are computed by formulas 

u - V/Zojd 

l - $i)<jslu)i 

in which / «■ length in inches required to develop the full working stress in 
the reinforcement; 

i - diameter of round rod, or side of square bar 
For general notation see Notation Applying to Footing Formulas. 
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Typical Design of an Independent Reinforced-Concrete Column 

Footing 

Specification data: ft « 16 000 lb per sq in 
fc — 650 lb per sq in 
n - 15 

v , limited to 40 lb per sq in 

Vf, (punching shear) limited to 120 lb per sq in 

u, limited to 100 lb per sq in (deformed bars) 

Soil load 4 000 lb per sq ft 

It is required to design a footing for a column 30 in square sustaining a load 
of 475 000 lb, including the weight of the column. 

The following example applies to structural steel columns as well as to 
concrete columns, the only difference being that, in the former case, the 
dimensions of the billet, or grillage, are used instead of the column dimensions. 

(1) Estimating the weight of the footing at 50 000 lb, 

525 000 

Area of footing slab — ~ 4 ~ q o q ~ “ 132 sq ft 


As a square footing is more economical than one of oblong shape, the 
dimensions are made 11' — 6" X 11' — 6" 


w - 475 000/132 - 3 600 lb per sq ft 

(2) By formula, the depth as governed by punching shear is 

, (I* - a*) X u> (11 52 - 2.52) 3 600 _ . 

d -X 2.5X120 “ 3Mm 

As a trial make d - 32 in. 

(3) By formula, the maximum moment (at face of column) is 


M - 6 w (a + 1.20 c) c2 - 6 X 3 600 {2.5 + (1.20 X 4.5)] 20.25 
- 3 465 000 in-lb 


(4) By formula, the unit compressive concrete stress as governed by bend* 
ing moment is 


fc 


M 

1.99 ed* 


3 465 000 
1.99 X 3 X 322 


566 lb per sq in 


in which 3 is the length of the flat top of the footing in feet. If type “ b” or 
type M c” is used, the value of e will be 7 ft or 10 ft 6 in, respectively, and the 
stress f e will be lower: it is seldom critical. 

Accept a depth of 32 in, total depth 36 in. 

(5) By formula, the depth as governed by diagonal tension is 

tt* - |« + W6)|*J X w 11.52 - (2.5 + (32/6)( 2 x 3 600 _ „ , 

(V mm ■. ■■ — — ■ ■ - - — ■■ ■ ss ■ ■■■ ' ■■■ — . —. ■ ...... — . — IQs Jfl 

1 680 X la + (d/6)) 1 680 X [2.5 + (32/6)] 

Whatever type of footing is selected must have this depth at section C— C' 
(Fig. 50), d distance from the face of the column base or pedestal. 

(6) The sectional area of the reinforcement is 


A „ JL „ 3 465 00 0_ 

* " f,jd “ 16 000 x 0.875 X 32 

As a trial, 18%-in round rods ate selected. 


7.75 sq in 
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(?) By formula, the bond stress at the face of the column is 

u **» VI'Zojd 


Since the shear at each face of the square column is equal to 


113 200 _ 

18 X 2.35 X 0.875 X 32 


96 lb per sq in 


In the Upper equation, 11.5 2 is the area of the footing slab, and 2.5* the area 
of the column base, both in square feet. In the lower equation, 2.35 is the 
perimeter of each of the 18%-in round rods. 

Accept the reinforcement as selected. 

Design Procedure for Cantilever Footings. Where the proximity of 
another building, or property line, makes a concentric footing impossible, 
it is necessary to overcome the eccentricity of an exterior footing by means 
of combining the footing-slab with that of an adjacent interior column or by 
the use of a connecting strap, the function of which is to resist the bending 
moment caused by the eccentricity of the exterior footing. This strap is 
considered to act as a balanced cantilever and assumed to rest on the center 
of gravity of the exterior footing. Although the stresses in the strap are 
highly indeterminate, an approximate solution may be obtained by assuming 
the ends of the cantilevers free to rotate which results in a theoretical zero 
bending moment beneath each column. If the pressure under soil footings 
is assumed to be uniformly distributed over the entire footing area, the dis¬ 
tance from the exterior edge of the footing to the section of zero shear, and of 
maximum moment, is found by dividing the column load P, by the soil reac¬ 
tion per lin ft of footing. For footings on piles, the section of maximum 
moment and zero shear is found by considering the column load in relation to 
the pile reactions. This section is usually along the center line of the last 
row of piles on the side toward the interior footing. 

The following steps apply to the design of cantilever footings: 

(1) Design the interior footing as an independent unit, following the pro¬ 
cedure for individual column-footings, as given in this chapter, and neglecting 
any effect of the uplift. 

(2) Compute the approximate area of the exterior footing for the load used 
in the design of the column, plus any additional load in the basement story, 
and an allowance of 25% of the column load to cover the weight of the footing, 
the weight of the strap, and the increment due to uplift. 

(3) Knowing the distance e (Fig. 51), or eccentricity of the column in rela¬ 
tion to the footing, calculate the amount of uplift equal to Pie//. 

(4) Compute Ri - Pi + Pie//, and p, the reaction upon the footing per 
lin ft, in a direction parallel to the strap. Then, a? ■* P\Jp and «i is also 
known. 

(5) Compute the maximum bending moment in the strap by formulas: 

For soil footings: 

M m - Pie M - -Pi ( a x - a 2 f 2) 

For pile footings: 

M ■■ — Pifll + (01<*2 + <7203 + • • •) 

(6) Assume a width, b, for the strap, usually equal to the column widths 



Vertical Section for Soil Footing 
(Footing Reinforcement not Shown) 
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(7) Compute the vertical shear at the exterior face of the interior footing 
assuming that 

V - Piefl 

(8) Determine the section of the strap, as governed by shear at the exterior 
face of the interior footing by formula 

d - Vfvjb 

(9) Check the concrete section and steel-area of the strap adjacent to the 
interior footing and provide for a positive bending moment in the strap, vary¬ 
ing from one-quarter to one-half of the maximum negative moment. Add 
reinforcement, if necessary, along the bottom of the strap, to obtain an 
amount varying from one-fifth to one-third of that required at the top. 

(10) Knowing the value of the up-lift and the size of the strap, deter¬ 
mined by the computations in steps (5) to (9), check the load assumption in 

(2), and redesign if necessary. 

(11) Provide proper anchorage for all the main longitudinal reinforcement 
at the top of the strap, particularly beneath the exterior column. 

Typical Design of a Cantilever Footing 

Specification data: f s ■» 16 000 lb per sq in 
fc =■ 650 lb per sq in 
n ~ 15 

v , limited to 40 lb per sq in 

t >2 (punching shear) limited to 120 lb per sq in 

u limited to 100 lb per sq in (deformed bars) 

(1) Assume that the interior footing has been designed as previously 
described, and that the area of the base is 8 ft X 8 ft. 

(2) The size of the exterior footing, similarly designed, but with an allow¬ 
ance of 25% of the column load to cover the weight of the footing, the weight 
of the strap, and the increment due to uplift, is found to be 5 ft X 8 ft. 

(3) From the drawings and column schedule the following data are taken: 

Center-to-center spacing between columns, l «* 20 ft; 

Design load for interior column, P 2 “ 425 000 lb; 

Design load for exterior column, Pi « 250 000 lb 

Eccentricity of exterior footing in relation to the exterior column, 
r — l ft 6 in. 

Then, uplift - P x ejl - 250 000 X 1.5/20 - 18 750 lb. 

(4) Taking moments about Rt, 

Ril - Pi (J + e) - 0 

Ki - -Pi + ^ “ 250 000 + 250 000 X 1.5/20 - 268 800 lb 

If this represents the total reaction upon the exterior footing, the reaction 
per linear foot in a direction parallel to the strap is, 

P - 268 800/5 - 53 760 lb 

The distance from the outside edge of the footing to the section of zero shear 
is, then, 

a% - P t fp - 250 000/53 760 - 4.65 ft 
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Assuming that the exterior column is 2 ft wide, in the direction of the strap* 

ai - <72 — 1.0 =» 3.65 ft 

since the difference between a\ and <z 2 is one-half the column width, (§ee 
Fig. 51.) 

(5) Maximum moment for soil footings by formula, 

M - - Pi (ai - j 2 /2) - - 250 000 (3 65 - 4.65/2) - - 332 500 ft-lb 


(6) As a trial, assume a width of 30 in for the strap, then, 


d 


As 


Iji _ / 332 500 X 12 

\JCb “ \ 107.6 X 3Q 
M 332 500 X 12 
14 000 d " 14 000 X 35 


35 in 
8.15 sq in 


Accept a total depth of 39 in and 10 1-in round rods at the interior face of 
exterior footing. 

(7) The vertical shear at the exterior face of the interior footing is equal 
to the uplift 

V - Piell - 250 000 X 1.5/20 = 18 750 lb 


(8) By formula 

d - V/vjb - 18 750/40 X 0.875 X 30 - 18 in 

(9) Checking the same section as governed by a positive bending moment 
equal to one-third of the maximum moment computed above, 


d 


4£-4 


3 32 500 X 12/3 
107.6 X 30 


20 in 


As 


M 332 500 X 12/3 
14 000 d m 14 000 X 20 


4.75 sq in 


Accept a total depth of 24 in at the exterior face of the interior column and 
6 1-in round rods placed in the bottom of the strap. 

(10) The approximate weights are as follows: 


Exterior footing. 15 000 lb 

Connecting strap. 13 5001b 

Uplift. 18 750 lb 

47 250 lb 


The approximation made in step 2 is satisfactory. 

(11) Ten 1-in round rods are placed along the top of the strap; of this 
number 8 are straight, except for the bend beneath the exterior column, 
and 2 are bent down where indicated. These 2 rods, together with the* 4 
straight 1-in rods in the bottom of the strap, give the 6 rods required at the 
exterior face of the interior footing. The rods lying in the top of the strap 
should be hooked or bent down beneath the exterior column. 

Design Procedure for Continuous Footings. (See Fig. 52.) The design 
of a continuous footing supporting a line of columns is exactly parallel to the 
design of a continuous beam carrying a uniform floor load. In this type 
of work the proportion of dead load to live load is higher than'for the beams 
comprising a floor system but there is also more danger to be feared from 
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unequal settlement. These two facts favor the use of positive moment 
coefficients somewhat nearer the theoretical values than those used for 
ordinary beam design and a more general distribution of the reinforcement to 
provide for unexpected stresses. 

It is recommended that the concrete section be determined as in the case 


of beams by the formulas for shear and bending moment, and that the steel- 


area computed from the requirements of the 
bending moments be increased one-third. One- 
third of the originally computed amount would 
then be in the form of straight bars at the top 
of the footing, one-third in the form of straight 
bars at the bottom of the footing, and two- 
thirds bent at an angle of forty-five degrees, 
the center of the bend being located at the fifth 
point of the dear span between columns. This 
arrangement is suitable when it is desired to 
provide for equal positive and negative bend¬ 
ing moments and to give some security against 
unequal settlement. If conditions are such as 
to warrant the use of a positive moment factor 
less than that of the negative moment, the 
sectional area required for the latter may be 
obtained by the usual method of lapping the 
reinforcement, the proportion 3f bent steel being 
varied to give the relative areas required. 

Stairs, Walls, and Parapets 

Stairs. (See Figs. 53 and 54) Steel has 
largely replaced concrete for the construction of 
stairs in reinforced-concrete buildings. The 
former has the advantage of quicker installa¬ 
tion and earlier use during the erection of the 
building. It is often desirable, however, to 
build both exterior steps and interior stairs of 
reinforced concrete, and such are usually con¬ 
structed as inclined slabs, poured monolithically 
with treads and risers and spanning from floor 
to floor, or from floor to intermediate landing. 
The thickness of the stair-slab varies from 4 to 



8 in according to the spans and loads. The ^ 

proportion of tread width to riser height is _ ^ £ 

generally specified by building codes. A cus- a 

tomary requirement is to make the sum of the L'ilffifofl § 


two approximately 17 in and their product 


between 70 and 75 in. Safety treads, with 


or without a projecting nosing, are almost invariably used, and it is customary 
to apply a monolithic finish to the concrete surface. In order not to delay 
the work upon the main features of a building, recesses and bonds are usually 
left at the junctions of floors with stair-slabs, and the stairs are constructed 
later. 


The thickness and reinforcement of a stair-slab are determined by con¬ 
sidering it as simply supported and of a length equal to the koriianUU distance 
between supports. The main longitudinal reinforcement, preferably of 
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small bars, is carried up the stair-run and across the landings, the bars being 
bent so that they lie near the lower surface of the landing. The design if 



Fig. 53. Structural Design of Reinforced-Concrete Stairs. Plan 



Fig. 54. Structural Design of Reinforced-Concrete Stairs. Section 


then entirely similar to that of ordinary reinforced-concrete slabs, with one¬ 
way reinforcement. 
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Concrete Walls Subjected to Earth Pressure. The design of retaining 
walls is covered in Chapter IV but it is often necessary to compute the rein¬ 
forcement and check the thickness of a basement wall subjected to earth 
pressure under conditions which are slightly different from those encountered 
in the design of ordinary retaining walls. 

When the basement of a building is located below ground, the exterior 
walls must resist earth pressure. When the height of the wall is not appreci¬ 
ably over one-half the clear span between columns, it is desirable to carry 
the thrust of the earth on the vertical reinforcement spanning from the 
basement floor to the first structural floor. If there is no footing beneath the 
wall, as sometimes happens when the wall spans from column to column. 



Fig. 55. Diagram of Basement Wall Subjected to Earth Pressure out Without 

Surcharge 

it must also be designed to carry its own weight. The minimum thickness 
for basement walls should be 10 in, and some building codes require a mini¬ 
mum of 12 in. 

For the purpose of computing the sectional area of the concrete and rein¬ 
forcement required for walls subjected to earth pressure, the weight of the soil 
may be assumed to be 100 lb per cu ft and to exert a pressure equal to that 
of a fluid weighing 30 lb per cu ft. 

Design Procedure for Basement Walls Subjected to Earth Pressure but 
without Surcharge, (See Fig. 55.) (1) Let 

Let P - the total pressure per linear foot against the back of the wall in 
pounds; 

h » the height of the wall, that is, the span length, in feet; 
p - equivalent fluid pressure of the soil in pounds per square foot 
assumed at 30 pounds. 
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The total pressure is 



and the resultant acts at a height of - above the bottom of the wall; compute 

2 P P 

the reactions Ri ■■ — and R* = —. 


(2) Determine the section of maximum bending moment at the distance h\ 
in feet below the top of the wall; 

hi - 0.58 h 

(3) Compute the value of the maximum bending moment at this section, 

M = 0.064 ph* ft-lb 

(4) Design the concrete section and the steel-area in the same manner as 
for ordinary slabs. 

Place the reinforcement vertically near the inside face of the wall, adding 
J'g-in rounds 1 ft 6 in on centers horizontally for the purpose of supporting 
the vertical reinforcement and to act as temperature steel. 

If the wall spans between column footings it should be reinforced as a simple 
beam with sufficient steel to resist the bending moment due to its own weight. 

If the height of the basement wall is much more than one-half of the clear 
span between columns, or if openings interfere with the vertical reinforcement, 
the walls should be designed to span horizontally between columns with only 
enough vertical steel to support the horizontal reinforcement and Serve as 
temperature reinforcement. 


Typical Design of a Basement Wall Subjected to Earth Pressure 
but Without Surcharge 


Specification data: f s « 18 000 lb 
fc - 650 lb 

v' limited to 40 lb per sq in 

It is required to design a basement wall 12 ft high and subjected to earth 
pressure for the full height. Then p ■» 30 and h - 12 

(1) P - ph*ft - 30 X 12*/2 - 2 160 lb per lin ft 
2?i « 2 P/3 - 1 440 lb and R 2 - P/3 - 720 lb 

(2) Section of maximum moment is at 

ht « 0.58 * »■ 0.58 X 12 » 6.96 ft below the top of the wall. 

(3) Maximum bending moment, 

M - 0.064 ph* « 0.064 X 30 X 12* - 3 317 ft-lb - 39 800 in lb 


(4) Thickness of wall, by formula, 


d 



j 39 800 
'100.8 X 12 


5.75 ill 


in which the value of b is the width of a vertical strip 1 ft wide. 
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Under these conditions the wall could be made 5.75 *f 2.00 - 7.75 ih thick 
but a minimum thickness of 10 in is usually imposed for this type of work. 

Assuming that the wall spans vertically, from basement to first floor, the 
steel area is found by formula 


As 


Jsjd 


39 800 

18 000 X 0.883 X 8 


0.314 sq in 


Accept J^-in rounds spaced at 7 in on centers for vertical reinforcement, and 
? g-in rounds spaced at 1 ft 6 in on centers horizontally. 

Checking the maximum shearing-stress at the base of the wall by the for¬ 
mula 


Z. » 1440 

jbd m 0.875 X 12 X 8 


17 lb per sq in 


in which the external shear per lin ft, V, is equal to the reaction, Ri. As this 
value is less than 40 lb the design is accepted. 



Fig. 56. Diagram of Basement Wall Subjected to Earth Pressure and Surcharge 


Design Procedure for Basement Walls Subjected to Earth Pressure and 
Surcharge. (See Fig. 56.) Under this condition, the load diagram is not 
a triangle and it is necessary to compute the position of the resultant of the 
external horizontal forces by the formula 

h h + 3 k> 
y " i X h + 2 It' 

in which y the distance from the bottom of the span to the center of 
gravity of the external thrust, in feet; 
k - the height of the wall; that is, the span-length, in feet; 
h' - the height of the surcharge, in feet. 

Assuming the weight of earth as 100 lb per cu ft, it is customary to represent 
a surcharge diagrammatlcally as an equivalent height of earth. For exam* 
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pie, a surcharge of 300 ib per cu ft, which would be customary for sidewalk 
construction, is considered to add 3 ft in height to the load diagram. 

The actual steps in the design of a wall of this type are arranged as 
follows: 

(1) Compute the position of the center of gravity of the external hori¬ 
zontal forces by the formula given above. 

(2) Compute the pressure per lin ft at both top and bottom of wall; using 
the average of these two values, multiply by the height of the wall obtaining 
the total load on a vertical strip 1 ft wide. 

(3) Determine the reactions, Ri and R 2 for 1 ft of wall, by taking moments 
about the top and bottom of the wall. 

(4) Find the value of the maximum moment under the assumption that 
the total load found in (2) is uniformly distributed. This will give a result 
sufficiently accurate for ordinary purposes. 

(5) Design the concrete section and the steel area in the same manner as 
for ordinary slabs. The reinforcement is placed as described for basement 
walls without surcharge. 

Typical Design of a Basement Wall Subjected to Earth Pressure 
and Surcharge, (Fig. 57) 

Specification data: /, - 18 000 lb 
Sc - 650 lb 

if limited to 40 lb per sq in 



Fig. 57. Typical Design of a Basement Wall Subjected to Earth Pressure and 

Surcharge 

It is required to design a basement wall 15 ft high and subjected to a sur¬ 
charge, due to an adjacent sidewalk, which requires a live load of 300 lb per 
sq ft. 

(1) By the formula given above, 

h h + 3 W 15 15 4* (3 x 3) 

y *3*h + 2l$' m 3 X 15 +(2X3)“ 


5.71ft 
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(2) Pressure at top of wall ■■ 30 X 3 - 90 lb per lin ft. 

Pressure at bottom of wall - 30 X 18 - 540 lb per lin ft. 

Average - (90 + 540)/2 - 315 lb per lin ft. 

Total load on a strip of wall 15 ft high and 1 ft wide is, then, 315 X 15-* 
4 725 lb. 

(3) Taking moments about the top of the wall, the reaction at the 
bottom, J?i - 4 725 X (1S ~^ 5 ?1) - 2 925 lb. 

Reaction at the top, R, - 4 725 — 2 925 - 1 800 lb. 

(4) Assuming that the total load is uniformly distributed, 


Maximum moment, M 


\YL _ 4 725 X 15 X 12 
8 m 8 


106 310 in-lb 


in which L is the height of the wall between supporting floors or other struc¬ 
tural members. 

(5) Thickness of wall, by formula, 


j M I 106 310 
1Kb " ’ 100.8 X 12 


9.4 in 


in which the value of b is the width of a vertical strip 1 ft wide. Allowing 2 in 
from the inside face of the wall to the center of the vertical reinforcement, 
accept a total thickness of 12 in 


M 106 310 

fsjd 18 000 X 0.883 X 10 


0.66 sq in 


Accept %-in rounds spaced at 8 in on centers for vertical reinforcement and 
%-in rounds spaced at 1 ft on centers horizontally. 

Checking the maximum shearing-stress at the base of the wall by the 
formula 


V_ 2 925 

jbd " 0.875 X 12 X 10 


28 lb per sq in 


in which the external shear per lin ft, V, is equal to the reaction Ri. As this 
value is less than 40 lb the design is accepted. 

Parapet Walls. Parapet walls, built of reinforced concrete, are normally 
8 or 9 in thick, but there is no structural reason why a 5-in thickness could 
not be used if permitted by local ordinances. It is desirable to reinforce 
walls of this type by means of comparatively small rods, usually %-in rounds, 
and the amount of reinforcement depends upon the length of the wall 
and its exposure. For units about 20 ft between joints, it is good prac¬ 
tice to use Jio of 1% of reinforcement, based on the cross-sectional area 
of the wall. This amount of steel should be run horizontally with J^-in 
round verticals placed about 1 ft 6 in on centers for walls of only a few feet in 
height. High walls usually require more steel and should be especially de¬ 
signed to meet the conditions of load and exposure. Parapets should be 
bonded to the spandrel beams of the roof construction; for this purpose J^-in, 
or %-in, round rods, 3 ft long, are spaced 1 ft 6 in on centers. 

When designing parapet walls it is desirable to leave joints BETWEEN 

THE PANELS AND THE PILASTERS OR COLUMNS. 

If the roof surfaces are graded by means of cinder, or cinder-concrete fill, 
vertical expansion joints should be left around the inside faces of all parapet 
walls, as otherwise the expansion of the roof-fill, when subjected to the heat 
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of mid-summer, may be sufficient to track even strongly reinforced-concrete 
parapets. 

Panel and Curtain Walls. When built of reinforced concrete, curtain and 
panel vails are usually made from 6 to 12 in in thickness, depending upon 
the height and unstayed length. The minimum reinforcement should com* 
frrise %‘in round rods spaced about 1 ft on centers horizontally and about 
1 ft 6 in on centers vertically. Additional steel should be added to resist 
any tensile stress that may be present and, for exterior walls, the total 
should not be less than about of 1% of reinforcement, based on the 
cross-sectional area of the wall. As the function of this steel is to distribute 
stresses due to volumetric changes, caused by the temperature and moisture 
content of the air, the rods should be placed near the exterior of the wall. 
Because of the danger of corrosion, however, there should always be a 2-in 
insulation except where particularly impervious concrete is used. 

In some cases, panel walls are poured monolithically with the Spandrel 
beams, and reinforced to form upturned spandrels extending the full height 
of the wall. In this case it is necessary to use a diagonal girder in the corner 
panels to provide proper support for the floor beams. 

If floor areas are protected by a sprinkler system, the panel walls should 
be equipped with scuppers to carry off the water. 

The following recommendation is abstracted from the Joint Code. 

Reinforced-concrete bearing walls shall have a thickness of at least one 
twenty-fifth (J^s) of the unsupported height or width, provided, however, 
that approved buttresses, built-in columns, or piers designed to carry all the 
vertical loads, may be used in lieu of greater thicknesses. Working com¬ 
pressive stresses in such walls shall not exceed 0.0625 f' c when the wall is 
25 times the thickness in height, increasing proportionately to 0.125 f'c when 
the wall is 15 times the thickness or less in height. 

The lateral support for such walls shall consist of a fire-resistive floor when 
the framing is on one side of the wall only, but may be of a fire-resistive or of 
a non fire-resistive type where framing is on both sides of the wall, provided 
that for residences, wood-frame construction properly tied may be used as 
support. 

In fire-resistive buildings, bearing walls shall be reinforced with an area of 
steel in each direction, vertical and horizontal, at least equal to 0.0025 times 
the cross-sectional area. Walls 8 in or more in thickness shall have half the 
Steel at each face of the wall. The bars shall not be farther apart in either 
direction than 18 in, regardless of whether the steel is disposed in one or two 
lgycrs, nor shall less than the equivalent of ^g-in round rods be so used. The 
yertical steel shall not be relied on to carry load unless tied and arranged as 
ip reinforced-concrete columns. 

All bearing walls shall be designed for any lateral pressure to which they 
ate subjected. Eccentric loads and wind stresses shall be fully provided for. 

Ip buildings of skeleton construction, panel or other walls supported on the 
Structural frame shall not be less than 5 in thick, nor less than one-thirtieth 
(Mp) 9* the horizontal distance between columns, cross walls, or equivalent 
apefiorage. Such walls shall be reinforced in the same manner as bearing 
walls in fireproof buildings. 

Stairway and elevator enclosures in all classes of buildings may be built of 
reinforced concrete, when the wall thicknesses and reinforcements are in 
accordance with the requirements given above. 

Reinforced-concrete rills may be either precast or poured* 
iatptac*. If brick panel walls are used* it is usually more desirable to employ 



Art. 4] Erection of Reinforced-Concretc Construction 122} 

precast sills. When the entire panel wall is of concrete, the sills can easily 
be cast monolithically with the wall itself. 


Table XV, Minimum Wall Thickness, in Inches, in Story Indicated 


No. of 
stories 

Base¬ 

ment 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

9th 

10th 
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0 

6 











7 

6 
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7 

7 
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8 

8 

7 

7 
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7 

7 
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9 

9 
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8 

7 
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12 

12 

10 

10 

9 

9 

8 

8 

7 

7 
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Sills should be reinforced with small rods laid longitudinally and retained 
in place by lateral ties. In placing reinforcement of this nature it Is vejy 
important that it be protected by an adequate thickness of concrete to 
prevent corrosion. 

Pits and Areas. Elevator pits should provide sufficient depth to accom¬ 
modate the buffer installation and meet the requirements of the local 
building code. W r alls of elevator pits are usually constructed 8 or 12 in in 
thickness. The design must consider the thrust of earth pressure, surcharge 
from basement floors and any hydrostatic head that may exist. The main 
reinforcement is normally run horizontally around the pit with J^-in round 
rods 1 ft 6 in on centers vertically. 

4. Erection of Reinforced-Concrete Construction 
Forms for Concrete 

General Requirements. Forms for concrete construction are generally 
built of wood except for round columns. Many excellent designs have been 
made for metal floor-forms, and steel forms are used, to a certain extent, 
for wall-construction, but wood is more universally employed. An exception 
might be mentioned in the case of metal tile or the so-called “ tin-pan , n 
which have become very popular for use in ribbed construction, as illustrated 
in Figs. 26 and 27, pp. 1168 and 1169. 

Whatever material is employed for the forms, it is essential that they be 
built true to line and grade and sufficiently strong to support, without sag¬ 
ging or bulging, the weight of the plastic concrete and the additional loads 
incident to construction. Forms should also be sufficiently tight to avoid 
any appreciable leakage of mortar. Some designers bear in mind the stock 
sizes of lumber when computing the size of concrete beams or other struc¬ 
tural members. But as the builders have various methods of forming the 
concrete work, refinements of this nature are of questionable value. It is 
desirable, however, to allow a reasonable tolerance in the sises of structural 
members in order to permit the use of stock sizes without excessive waste. 

Any good sound lumber which is free from knots, shakes, or decay can be 
used for forms. Spruce and fir have been widely employed for this purpose 
and short-leaf pine is often substituted! although not quite as satisfactory. 
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Hemlock is not to be recommended. For floor sheathing and wall panels 
tongue-and-groove roofers are generally used. In the East, these are of 
North Carolina pine; any tight boarding is satisfactory. 

Although forms are naturally in the class with temporary structures, it is 
not desirable to use green lumber, and where careful work is required, air- 
dried, rather than kiln-dried, material is preferable. All faces of lumber 
coming in direct contact with concrete should be planed. 

Design and Construction of Forms. These matters are usually left to 
the builder, who should design the forms to withstand the weight, or pressure, 
of the plastic concrete, figured at 150 lb per cu ft, together with a construc¬ 
tion load usually assumed at 75 lb per sq ft of floor area. The supporting 
members should be able to sustain such weights without deflecting over Hgo 
of the span. These computations are usually made with safe-load tables. 
In the case of columns and walls, the strength of the forms should be ade¬ 
quate to resist the hydrostatic pressure of the liquid concrete, which may be 
taken at 150 lb per sq ft for each vertical foot of height. The entire frames 
of concrete buildings, with the exception of certain types of unit construction 
now seldom employed, are ordinarily poured monolithically, except for any 
necessary contraction joints. As it is not expedient to delay the progress 
of a job by the construction of curtain walls, stairs and concrete partitions, 
such portions of the work are usually left until the skeleton of the building is 
completed. Consequently, it is often necessary to leave recesses in the 
faces of columns and in the edges of floor-slabs to receive walls and stairs 
which are poured at a later date. (See under Stairs, Part 3.) 

Wooden column forms and beam and girder troughs (Figs. 1, 2, 3, and 4) 
are usually handled as units. Similarly, sections of slab and wall forms are 
constructed as large as can be conveniently moved about with the means 
available. Girder forms for bays of normal size are built continuous from 
column to column, except in cases where the beams are of the same or greater 
depth, when it may be more practicable to build the girder sides in sections 
between beam openings. 

Forms should be constructed in such a way as to strip easily without 
breaking, as they are often used many times over. In fact, many builders 
construct only one set of floor forms for a building ten or twelve stories in 
height; provided that there is no requirement to the contrary, it is perfectly 
practicable to pour one story a week on typical skeleton construction, using 
the same set of forms as many times as there may be stories in the building. 
City ordinances, however, often demand that the forms be left in place for 
ten days or two weeks after the placement of the concrete. Such provisions 
naturally add to the expense of construction as the contractor is forced 
either to delay his work or to build several sets of floor forms. In order to 
prevent the breaking off of square corners or exposed edges, it is desirable to 
insert either a cove moulding or a small triangular fillet in the forms 
along the edges of columns, beams, and girder soffits. This practice not only 
facilitates stripping, but gives a good appearance to the finished work. A 
like effect is obtained at the re-entrant angle, where the sides of beams or 
girders join the slabs, by beveling the edges of the floor sheathing. 

It is important to provide openings at the bases of all columns for the pur* 
pose of cleaning out shavings or other rubbish. It should be the duty of an 
inspector to require that all sections of form-work be thoroughly cleaned out 
immediately before the placement of concrete. 

Erection of Forms. Forms are usually handled by a small derrick or 
gin-pole operated by a hand-winch; on large operations the form units are 
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raised from story to story by power. The locations of footings and columns 
should be laid off with a transit and the levels of the former checked by an 
instrument from an established bench mark. Forms for low walls and soil 
footings may be held in place by means of stakes driven into the ground. 
When shoring upon soft soil, care should be exercised to distribute the load 
from vertical supports over a sufficient area, by means of planks bedded on the 
ground, to obviate any appreciable settlement when the wet concrete is 



DETAIL OF WOODEN FORMS DETAIL OF POSTS 


Fig. 1. Wood Forms for Beam-and-Slab Construction 

placed upon the forms. If it is necessary to erect shores on frozen ground, 
the area beneath the floor should be enclosed and heated by means of sala¬ 
manders, or any other effective means, for a sufficient time before pouring 
the concrete to insure the removal of frost and to provide a stable foundation. 

When concreting large floors, particularly those with thick slabs such as are 
encountered in industrial buildings subjected to heavy live loads, a man 
should be constantly on watch beneath the floor that is being poured to see 
that the forms take their load without sag or appreciable leakage. 

Where practicable, beam-and-girder forms may be given a slight cambe* 
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ofK in for every IQ ft of length; this same practice may be applied to slabs 
of long span* It is very important to place long horiaontal members, such as 
window-sills, with particular care. They should be formed from planed lum¬ 
ber, accurately leveled and held rigidly in position. 

On unimportant work it is customary to wet the forms immediately 
before placing the concrete. On large jobs where the forms are to be re-used 
a number of times, it is customary to apply a brush coat of form oil*. This 
operation should be done before the reinforcement is placed in order to pre- 



Fig. 2. Units of Form Work before Assembling 


vent greasing the steel, as a coat of oil lessens the adhesion of the concrete. 
In case it is intended to plaster the concrete surfaces, oil or grease should not 
be used and the forms may be merely wet down. 

Removal of Forms. There is no uniform practice in regard to the stripping 
of concrete. Walls and columns, carrying only their own weight in vertical 
compression, can naturally be stripped much earlier than beams, girders, or 
dabs in which the bending stresses due to the dead load require bond resist¬ 
ance between concrete and steel. Similarly, members in which the dead 
load it proportionally large as compared with the live load must be supported 
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for a longer period. Various cements set more rapidly than others, a rich 
concrete gains strength much more quickly than a lean mixture, and both the 
amount of water and the temperature during the curing period greatly influ* 
ence the strength at an early age. 

On account of all these varying conditions it is extremely difficult to lay 
down any definite rule in regard to the time at which it is safe to remove 
forms from structural concrete. In fact, it is most inadvisable to make any 



hard and fast rules, as many partial failures in concrete-building con¬ 
struction HAVE BEEN DUE TO PREMATURE REMOVAL OP THE FORMS Where 
the concrete, owing either to cold weather or inferior quality, had not 
attained sufficient strength to carry the imposed loads. 

As a guide, however, the following periods may be given, which approxi¬ 
mate the minimum time that the forms for the different members should 
remain in place upon buildings conservatively designed and built of concrete 
which, under actual conditions existing at the job, would give a compres¬ 
sive strength of 2 000 lb pet sq in at an age of 28 days. If higher values art 
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obtained by the use of a high early strength cement, or by employing a richer 
mixture, the removal of forms may be hastened, but the actual strengths 
should, under such conditions, be carefully checked by test cylinders taken 
at the job and cured under held conditions. 



Fig. 4. Details of Floor Forms for Girderless Construction 


Beam-and-girder ploor construction. Columns, two days, provided 
that the girders are shored, or reposted, to prevent any appreciable load being 
transferred to the columns. 

Girders, four days, provided that each girder is immediately reposted so 
that only one member at a time is left unsupported. 

Beams, five days, provided that the same procedure is followed as in the 
case of girders. 

Pakels« up to 7 ft; any time after the beam forms are removed. 
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Girderless floor construction . Columns, as noted above for beam- 
and-girder construction. 

Drops, four days, provided that the slabs are shored or reposted to prevent 
any appreciable load being transferred to the unsupported sections. 

Slabs, up to 20 ft, five days, provided that each slab is immediately 
reposted, and permanent 6 X 6*in shores left beneath the center of each bay 
and not disturbed at the time of stripping. 

Reposting. In following a schedule such as that given above it is necessary 
to repost the concrete after the removal of the forms. When the shores of 
consecutive stories are upheld upon the floor construction beneath, the latter 
should be adequately supported either by the original shores or by reposting, 
until the concrete has gained the strength ordinarily resulting from an age 
of 28 days under good curing conditions. It is consequently often neces¬ 
sary to have three stories reposted besides the floor which is actually formed. 
In reposting successive floors it is desirable that the shores be placed as near 
as possible directly above those in the lower stories, reposting is usually 
done with 4 X 4-in or 6 X 6-in timbers brought to a firm bearing by the use 
of wedges, stayed against bending and spaced according to the load which 
they are assumed to carry. Where there is danger of punching into the 
unhardened concrete, the load should be distributed by the use of a section 
of plank placed as a cap. 


Reinforcement 

The Care of Reinforcement. The size and length of reinforcing bars 
should be checked by the general contractor’s representative as soon as the 
material is delivered to the job. In order to facilitate the selection of the 
proper steel it is desirable to construct wooden frames with different com¬ 
partments for the various lengths and sizes. The use of such a framework 
is of further advantage in keeping the steel clean. If a large quantity of rein¬ 
forcement is stored for an extended period, it is well to build sheds over the 
storage racks. A bright-red rust, such as forms in a few days on rein¬ 
forcement exposed to rain, is not in any way detrimental. Actual rust 
scales, however, may indicate a reduction in the effective cross-section of the 
bar. Deep scaling should be considered a sufficient reason for condemning 
the use of reinforcement unless it can be used as the equivalent of a smaller 
size. After the steel is embedded in the concrete, there is no reason to believe 
that the rusting is progressive; in fact, slightly rusted bars have been found, 
when broken out after several years’ embedment, to be freer of rust than at 
the time when the concrete was poured. All reinforcing steel should be kept 
free from: oil as such tends to reduce the bond between concrete and steel. 

Fabricating and Placing Reinforcement. Steel is often cut to length and 
bent in the shop, but many firms prefer to do their own fabrication upon the 
job. In the latter case, light-weight cutters are installed and a special 
bench constructed for bending the rods composing the reinforcement of beams 
and girders. The smaller bars, used for the reinforcement of floor slabs, are 
usually bent on the floor. Bars or rods of structural grade should not be 
bent to a radius of less than four times the least dimension of the rod 
or bar and this should be increased to eight times the least dimension in 
the case of intermediate or hard grade steel. When rail-steel is used, it is 
difficult to bend the rods without heating, and usually it is more practicable 
to avoid the use of bent rods as far as may be consistent with the design. 



1228 


Reinforced-Concrete Construction 


[Chap. 28 


The reinforcement of beams and girders is usually assembled in the beam 
or girder troughs. It is essential that stirrups be wired to the horizontal 
rods which they encircle. The steel assembly is ordinarily held up from the 
bottom of the troughs by means of chairs or by small blocks of mortar, 
previously cast to the required thickness. When more than one layer of bars 



Fig. 5. Slab Bar Supporter and Spacer 


lies at the bottom of a beam or girder the layers are separated by spacers, 
providing a clear vertical distance of at least one inch between the ban. 
(See Figs. 5 and 6.) 

It is particularly important that all loose bars, such as those sometimes 
required to furnish additional negative reinforcement over supports, be 

securely held in place. 
Templets for the correct 
location of dowels are 
often required where steel 
columns are superimposed 
upon concrete footings. 
Slab reinforcement 
should be adequately se¬ 
cured against lateral dis¬ 
placement and held at 
the correct height above 
the forms by means of 
suitable supports. There 
are many satisfactory 
devices upon the market 
to serve these purposes, 
and cement mortar blocks 
arc also employed as sup¬ 
ports for the steel, using, 
ordinarily, reinfordng rods 
as spacers placed at right- 
angles to the main bands 
of reinforcement. In gir- 
Fig. 6. Beam Bar Supporters and Separators derless floor -construc¬ 

tion (Fig. 8), it is of par¬ 
ticular importance to keep the bars comprising the reinforcement of the 
various bands at the desired height. The reinforcement for hooped or tied 
columns is made up as a frame, by wiring the hoops to the vertical rods, and 
placed in the forms as a unit. Spiral reinforcement is bent in the shop 
and shipped collapsed, being assembled with the vertical spacers upon the 
iob; three or four spacers are required for every spiral. (See Fig. 9.) 



Art. 4] Erection of Reinforced-Concrete Construction 


1229 


Splicing Reinforcement. Reinforcing bars may be spliced except at sec* 
tions of maximum stress. It is customary to make lapped splices of suffi¬ 
cient length to transfer the stress between the bars by bond and shear. The 
lengths of such splices are the same as given for anchorage. (See under 
Anchorage of Reinforcement, Part 3.) Wire mesh or fabric is ordinarily 
spliced by overlapping a distance of from 4 to 8 in and wired merely to hold 
it in proper position. 



Fig. 7. Reinforcement in Place for Beam and Slab Construction 


Splices in vertical reinforcement are made by lapping the rods a suffi¬ 
cient distance to develop the compressive stress by bond. Column steel is 
normally lapped an arbitrary length of 2 ft. Bonds should be generally used 
wherever it is necessary to join new work with that previously cast. These 
are usually of %-in or }^-in diameter rods from 3 to 4 ft in total length. 

Protection of Reinforcement. It is extremely important that all rein¬ 
forcing steel be properly protected from fire or moisture. Building codes 



Fig. 8. Reinforcement in Place for Girderless Construction 


specify a minimum covering for the various structural members of buildings 
which, in general, is 2 in for columns and girders, lH in for beams and 
walls and 1 in or % in for slabs. These figures are generally assumed to 
apply to the major elements of the reinforcement, and hoops or stirrups are 
permitted to encroach upon these dimensions. In the case of spiralled 
columns there should be in in the clear from the outside face of the spiral 
wire. 

In order to provide this insulation some effective means should be employed, 
such as the use of cement-mortar doughnuts, which are cast of such thk fr n e ff s 
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as to give, when slipped over the vertical rods, the design distance between 
the reinforcement and the face of the forms. 

Attention should be paid to recesses and ornamental markings to insure 
a sufficient protection at these sections to provide against corrosion. The 
amount of protection required on the exteriors of buildings depends upon the 
quality of the concrete and the degree of exposure. In general, it would 
seem to be good practice to allow at least 2 in of concrete as ordinarily 
designed for structural purposes, outside of all reinforcement, to insure against 
moisture penetrating to the steel. 



Fig. 9. Assembling Spiral Reinforcement 


Proportioning the Ingredients of Concrete * 

Methods of Proportioning Concrete. The erection of a concrete building 
is a manufacturing process carried on in the field and consequently demands 
efficient supervision. Over a period of many years, different experimenters 
suggested various methods for proportioning the ingredients of concrete. 
Although it is a comparatively simple matter to make concrete of sufficient 
strength to satisfy the ordinary requirements of a structural frame, it is a 
much harder problem to determine the most economical proportions for 
a concrete required to meet given conditions of use and exposure. 

Various methods have been devised for obtaining this result, several of 
which are undoubtedly preferable to the old system of proportionment by 
arbitrary measure or weight. Fuller’s method, starting from a carefully 
made sieve-analysis of the dry materials, was based upon a reproportionment 
for maximum density. Edwards developed the theory of surface-areas 
which helped to clarify our conception of concrete mixtures. Duff Abrams, 
besides his contribution, of inestimable value, concerning the quantitative 
relationship of the water-cement ratio to the physical properties of the 
hardened concrete, also proposed a scientific proportionment by means of the 
fineness modulus, another function of the sieve-analysis. 

* Tables, charts, and photographs in this portion of the text have been supplied by the 
Portland Cement Asodatlon. 
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In spite of all this valuable research work, much concrete, particularly on 
small operations, is still proportioned by arbitrary volumes and without any 
specification in regard to the water content. As the strength of concrete, 
within the range of workable mixtures, is a direct function of the water- 
cement ratio (see Fig. 10 ), such a specification may very well result in 
obtaining concrete of or the strength assumed in the design of the 
structure. 

If it is desired to use a set formula in the specification, such as one part of 
Cement, two parts of sand, and four parts of crushed stone or gravel, it is 
essential that a definite stipulation be made in regard to the water content, 
otherwise there is no assurance that the concrete strength will meet the 


assumptions made in the design. Such an arbitrary proportionment, 
although not scientific and 
seldom economical, has proven c 6000 

to be fairly satisfactory pro- 
vided that the water is strictly u 
controlled. This can be done §, 
by any one of the automatic £ 
control-devices furnished with ^ 40Q0 
the concrete-mixers. b 

A much more desirable ^ 
method for proportioning -g 3000 
concrete is that developed by « 

Frank R. MacMillan on the 
basis of the water-cement £2000 
ratio and known as propor- w 
tioning by trial. By this £ 
method, fully described under 1 100 q 
P rocedure in Proportioning £ 

Concrete Mixtures by the S 
Water-Cement Ratio, the u 0 

designer controls the strength ~ 5 ;P 6 *° e . 

. . ,7. Water- U.S.Gallons per Sack of Cement 

by the water-cement ratio, 

and determines the most Effect of quantity of mixing water on the 
economical mixture that can strength of concrete. Curve “ A ” is based on aver- 

be properly placed under job a « e . valu “ from nine T ser ‘f s of ‘ csts 

iTl, •_ 1 period of four years. In the absence of field tests, 

conditions by making trial it may be used lot design where the water<emen ( 

batches with varying amounts ratio is carefully controlled by accurate mcasure- 
Of aggregates. ment of quantities of water, cement and aggregate 

Basic Principles of Pro- w!th pr . op " to ■ wat " “7 1 *? by ““ 

. aggregate. The job curve is & representative curve 

pornonment. By referring obtained from tests of the materials to be used on a 
to the chart, Fig. 10, which specific project. 


H| 

SSn 

■■■■■ 


of aggregates. 

Basic Principles of Pro- 


is the result of exhaustive 
experimentation carried on 
in the Lewis Institute under 


Fig. 10 . Effect of Quantity of Mixing Water on 
Strength of Concrete 


the auspices of the Portland Cement Association, the designer may 
determine the number of gallons of water for each sack of cement cor¬ 
responding to the strength which he desires in the finished concrete. When 
choosing the water-cement ratio, it is necessary to bear in mind the type of 
work for which the concrete is intended. Table I gives an approximate idea 
of the quantities of water suitable for the different degrees of exposure, as well 
as for the different types of concrete used in building construction. Equally 
important with strength is the workability of the plastic mass. In other 
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Table X. Classes of Concrete for Different Degrees of Exposure 


Type of structure 

Degree 

of 

exposure 

U. S.gal 
of water * 
per sack 
of cement 

Walls, dams, piers and other structures exposed to 
sea or alkali waters. 

Extreme 

5 X 

Walls, dams, piers, reservoir linings, etc , exposed to 
alternate wetting and drying in fresh water in 
northern climate. Watertight structures. Sewers, 
pressure pipe, tanks, piles, athletic stadia, pave¬ 
ments, all thin structural members exposed to 
severe weather and frost action . 

Severe 

6 

Walls, dams, piers, reservoir linings exposed to fresh 
water in southern climate. Exterior columns and 
beams of reinforced concrete buildings. Basement 
walls. Thm structural members of all types ex¬ 
posed to moderate weather and frost action 

Moderate 


Ordinary enclosed structural members. Heavy piers 
and retaining walls in moderate exposure. Mass 
concrete, footings, etc , protected from alternate 
wetting and drying and from severe weather con¬ 
ditions . 

Protected 

7H 


• These quantities should not be exceeded even when resultant strength is higher than 
required for structural stability. Free water or moisture carried by the aggregate must 
be included as part of mixing water. 


words, the freshly mixed concrete must have a consistency sufficiently plastic 
to flow sluggishly without segregation, being neither crumbly nor watery. 

In choosing the aggregates and in combining the proportions of sand 
and stone, it is necessary to remember that stiff, plastic mixtures with large 
aggregates, which might be suitable for large units, would not be workable 
in structural members such as thin floor-slabs. Furthermore, in determining 
the proportions of the sand and coarse aggregate, economy should be consid¬ 
ered. Generally speaking, a coarse aggregate presents a smaller total surface- 
area to be coated with cement-paste than an aggregate composed of finer 
particles. It is consequently more economical up to the point where a too 
great preponderance of large particles makes the mixture too hard to place or, 
as we say, too harsh. Consequently, it is desirable to use the lowest propor¬ 
tion op pine aggregate that will completely fill the void spaces in the coarse 
aggregate. It is generally true that aggregates that are evenly graded from 
fine to coarse are more economical than those in which one or two sizes pre¬ 
dominate, for the simple reason that the former have less void-space to fill 
with a more costly material. An intelligent proportionment of commercial 
aggregates, however, usually results in a satisfactory combination. The 
mixture should contain enough pine material, such as sand, to work 
smoothly, but no more than is required. An excess of fine materials results in 
a greater surface area to be covered and more voids to be filled with cement 
jNtste, reducing the total amount op aggregate that can be used v/ith any 
Igiven amount of cement. 

Bearing in mind the principles outlined in the foregoing paragraphs, 
Table II has been made to indicate the usual limits in proportioning fine 
and coarse aggregates to produce plastic and workable mixtures based on a 
water-cement ratio of T% gal or less, per sack of cement. 
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Having determined upon the proportions of fine and coarse aggregate, it 
will be found that the total amount of the combined aggregates that can be 
used with any given amount of cement and mortar depends upon the consist¬ 
ency required, in order that the concrete may be properly placed under the 
existing conditions. Economy is gained by using a suffer mixture, which 
is another way of expressing the fact that more aggregate is crowded into the 
same cement paste. But although a stiff mixture saves material, it costs more 
to handle, and when excessively dry, invariably results in honeycombed 
work. On the other hand, over-wet mixtures use more cement in order 
to obtain the same strength and cannot be placed without separation of the 
materials. 

Table IT. Recommended Proportions of Aggregates 


Maximum size of 
coarse aggregate. 
Inches 

Ratio of fine * to total aggregate 
on basis of dry, compact vol¬ 
umes, measured separately 

V* 

H 

1 and over 

Minimum 

0 55 

0.40 

0.30 

Maximum 

0.70 

0.60 

0.50 


• The finer the sand, the lower will be the percentage required. 


Proportioning Concrete by the Water-Cement Ratio * 

Concrete Quality. The working stresses used in designing reinforced- 
concrete buildings should be based upon the minimum ultimate 28 -day 
strength of the concrete in the structure and determined in accordance 
with the values given in Table III. For specification purposes, the strength 
of the concrete may be fixed in terms of the water-ccment ratio by either 
(1) using results established for average materials, as described in the 
following article, or (2) making actual tests of concrete composed of the 
materials to be used in the structure, as described in the second article 
following. 

The water-cement ratio means the proportion of water to cement entering 
the mixture, including the surface-water carried by the aggregates; this 
quantity is expressed in terms of the quantity of cement, that is, U. S. 
gallons per sack (94 lb) of cement. 

Water-Cement Ratio for Average Materials. When no preliminary 
tests are made, the water-cement ratios should not exceed the values in 
Table III. The mixes shown in the table are approximate only, and may 
require adjustment to give proper workability. 

Throughout the progress of the work, at least one specimen should be 
tested for each 100 cu yd of concrete, and the architect or engineer may 
require a reasonable number of additional tests. All tests should be made 
in accordance with the provisions given under the paragraph entitled Field 
Tests of Concrete. If the average 28 -day strength falls below the minimum 
ultimate strength used in the design, the architect would have reason to 
require a load test. 

* Based on the requirements of the Joint Code-Building Regulations for Reinforced 
Concrete as recommended by the American Concrete Institute and the Rewfordng Steel 
'nstituta. 
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Table m. Assumed Strength of Concrete Mixtures 


Water-cement 
ratio U. S. 
gal per 94-lb 
sack of cement 

Approximate mix 
volume of Portland 
cement to sum of 
separate volumes 
of fine and coarse 
aggregate as 
measured dry 

Assumed com¬ 
pressive 
strength at 

28 days in 
pounds per 
square inch 

Plastic Concrete 

SH 

1 : 7 

1 500 

7 'A 

1 : 6 

2 000 

OH 

1 :5K 

2 500 

6 

1 : 

3 000 

Moderately Wet Concrete 


l ‘-OX 

1 500 

7H 

1 : 5 y 2 

2 000 

OH 

1 : 4 n 

2 500 

6 

1 : 4 

3 000 


Note: In interpreting this table, surface water contained in the aggregate 
must be included as part of the mixing water in computing the water-cement 
ratio. 

Water-Cement Ratio for Special Materials. When the water-cement 
ratios for the various concrete strengths are established by test, such 
should be made in advance of the operations. The specimen cylinders should 
be composed of the same materials and mixed to the same consistencies as it 
is intended to use on the work. The compressive strength of the concrete 
is then determined in accordance with the “Standard Method of Making 
Compression Tests of Concrete” (Serial Designation C39-27) of the American 
Society for Testing Materials, including the provision for curing in a moist 
room at 70° F. and testing wet. The next step is to draw a curve represent¬ 
ing the relation between the average 28-day strength of the concrete and the 
water-cement ratio, for a range of values including all the strengths called 
for by the design. Tests should include at least four different water-cement 
ratios and at least four specimens for each. The water-cement ratio to be 
used in the structure should be that corresponding to a point on the curve 
established by these tests representing a concrete strength 15% higher than 
the minimum ultimate strength called for by the design, and satisfactory 
evidence should be submitted to show that these water-cement ratios are not 
exceeded during the construction of the building. No substitution of mate¬ 
rials should be permitted without additional tests establishing new water- 
cement ratios. 

During the progress of the work, a reasonable number of additional 28-day 
compression tests may be required by the architect, but at least one specimen 
should be tested for each 50 cu yd of concrete of any one strength, and not 
less than two specimens of each strength of concrete for any one day's opera¬ 
tion. Such tests should be made in accordance with the recommendations 
given under the following article. Should the average strength of the 
control cylinders as shown by these tests, for any portion of the structure, 
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fall below the minimum ultimate 28-day strength used in the design, the archi¬ 
tect may order a change in the mixture, or in the water-cement ratios, for 
the remaining portion of the structure and require load tests on the portions 
of the building affected. Should the average strengths shown by the cylinders 
cured on the job, and tested subsequent to 28 days, fall below the required 
strength, the architect may require special conditions of temperature and 
moisture as may be necessary to obtain the required strength. 

Field Tests of Concrete. When field tests are required, specimens should 
be obtained in accordance with the ‘ * Standard Method of Making and Storing 
Compression Test Specimens of Concrete in the Field/' (Serial Designation 
C 31-27) of the American Society for Testing Materials. Compression tests 
should be made in accordance with the “Standard Method of Making Com¬ 
pression Tests of Concrete ” (Serial Designation C39-27) of the American Soci- 
iety for Testing Materials with the following exceptions: 

(1) Two sets of samples for test specimens should be taken as the concrete 
is being delivered at the point of deposit, care being exercised to obtain a 
sample representative of the entire batch. 

(2) One set designated as “control cylinders" should be placed under 
moist curing conditions at approximately 70° F. within 24 hours after mold^ 
ing and maintained therein until tested. 

(3) The second set, designated as “job cylinders" should be stored as near 
as possible to the point of sampling and receive the same prjtection from the 
elements as is given to like portions of the structure. Specimens should be 
protected while on the work and sent to the laboratory within seven days 
of the date of test; while in the laboratory they should be kept in air at a 
temperature of approximately 70° F. 

Concrete Proportions and Consistency. The proportions of aggregates to 
cement, for any chosen water-cement ratio, should be such as to produce 
concrete that works readily into the corners and angles of the form and around 
the reinforcement, without excessive puddling or spading, and without per¬ 
mitting the materials to segregate, or free water to collect on the surface. 
The combined aggregate should be of such a size that when separated by a 
No. 4 standard sieve, the weight retained on the sieve is not less than one- 
third nor more than two-thirds of the total; neither should the amount of 
coarse material be such as to produce harshness in placing or honeycomb 
in the structure. When forms are removed, the faces and corners of the 
members should appear smooth and sound throughout. 

The methods of measuring concrete materials should be such that the 
proportion of water to cement can be accurately controlled during the prog¬ 
ress of the work and easily checked at any time by the architect or his repre¬ 
sentative. 

Although the acceptance of this specification may seem a rather radical 
departure from the old method of specifying an arbitrary mixture, it must 
be acknowledged that the basic idea is sound. It is logical and perfectly 

PRACTICABLE TO SPECIFY A STRENGTH INSTEAD OF ARBITRARY MIXTURES. 

The economy of this practice has also been established by many of our 
foremost builders. Although it might appear that the results of strength 
tests would arrive too late for practical use, it has been found entirely feasible 
to develop a standard quality of concrete during the early stages of the 
operation and to accurately predicate the 28-day strength from results 
obtained by crushing cylinders at an age of 7 and 14 days. 

The formula proposed by Mr, W. A. Slater of the Bureau of Standards: 

A-/+30VT 
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in which / is the ultimate compressive strength of the concrete at an age of 
7 days in lb per sq in, and f'c the probable strength at 28 days, enables 
the architect or his representative to closely approximate the 28-day strength 
of concrete on a basis of 7-day tests. Charts such as shown in Fig. 15 also 
enable those in control of the work to closely approximate the ultimate 
strength of concrete from tests on newly poured cylinders. 

Correction for Bulking of Aggregates. The proportions of a concrete 
mixture are determined for materials in a dry, compact condition. On the 
job both the sand and coarse aggregate will be measured in loose volumes 
(unless weighing devices are employed, in which case this part of the correc¬ 
tion is eliminated), and any water that may be present will not only have to 
be deducted from the quantity added to the batch, but may also cause a very 
appreciable bulking of the fine aggregate. This correction is made by adding 
proportionately larger amounts of the bulked aggregate to secure the desired 
volume of dry, compact aggregate. Thus, if the computations call for a dry, 
compact mixture of 1 : 2% : and the bulking factors have been found, 

as in the following article, to be 1.21 and 1.06, the proportion of sand, based 
on loose volume, will be 2% x 1.21 2.7, and of the coarse aggregate 

3j^ X 1.06 -> 3.7, giving a field mix of 1 : 2.7 : 3.7. To maintain uniform 
amounts of aggregate at the mixer, allowance for changes in bulking due to 
changes in moisture-content should be made by corresponding changes in 
the measured proportions. Thus, if the bulking factor of the sand increases 
to 1.25, the relative volume of sand in the same mix should be changed to 


1.25 

1.21 


X 2.7 


2 . 8 . 


Absorption and Moisture. The amount of water absorbed by most aggre¬ 
gates is negligible. It is important, however, to determine the amount of 
free water that may be carried by the aggregates, particularly the fine 
aggregate, and to deduct this quantity from the total water required for 
the mixture as shown on the chart giving the water-cement ratio. 

The amount of water in sand can be easily determined by drying tests 
but may be closely approximated by the figures given in the following table. 
Assuming that the sand carries free water to the amount of gal per cu ft, 
and the coarse aggregate % gal per cu ft, using the proportions of the previous 
article, the corrections would be 

2.7 X 0.5 - 1.35 

3.7 X 0.25 = _92 

2.27 or 2Kgal 

The amount of water to be added at the mixer for each sack of cement is 
then the quantity shown by Table III corresponding to the desired strength, 
less gal. 

Procedure in Proportioning Concrete Mixtures by the Water-Cement 
Ratio. Although several methods of proportionment have been recom¬ 
mended, based on the law that the strength of concrete is a function of the 
water-cement ratio (provided that suitable materials are used and the result¬ 
ing mixture is sufficiently plastic to be workable), the simplest method is that 
known as “Proportioning Concrete Mixtures by Trial” proposed by Frank 
R. MacMillan. The procedure is substantially as follows: 

(1) Select from Tabic III, or the diagram shown in Fig. 10, a water-cement 
ratio that will produce concrete of the strength required by the design: thi« 
ratio is expressed in gallons per bag of cement. 
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Table IV. Approximate Quantity of Surface Water Carried 
Average Aggregates * 


Very wet sand. 

Moderately wet sand. 

Moist sand . 

Moist gravel or crushed rock... 


H to 1 gal per cu ft 
about Y% gal per cu ft 
about gal per cu ft 
about gal per cu ft 


by 


Approximate Absorption of Aggregates 

Average sand. .... 1 0 per cent by weight 

Pebbles and crushed limestone. . .10 per cent by weight 

Trap-rock and granite ... .OS per cent by weight 

Porous sandstone . .70 per cent by weight 

Very light and porous aggregate may be as high as 25 per cent by weight 

* The coarser t K e a'^rejatc, the le;s free water it will carry. 


(2) Choose materials that meet the requirements given under Basic Prin¬ 
ciples of Proportionment, and dry the aggregates sufficiently to remove all 
surface moisture. 

(3) Prepare a cement-water paste of the chosen proportions. Record the 
proportions, noting the volume of the water and the weight of the cement. 

(4) Make up several mixtures combining the fine and coarse aggregates in 
some reasonable proportion within the limits set by Tabic II, such as 
parts sand and 3% parts stone, sift the mixture into a container, such as a 
pail, and determine the weight. Proportions can best be taken by weight 
and later, if desired, transferred into dry rodded volumes by determining the 
weight per cubic foot of each aggregate. Well-compacted dry sand usually 
weighs about 105 lb per cu ft and crushed stone about 100 lb. Changing 
slightly the first proportions, for example, using 2.4 parts sand to 3.6 parts 
stone, determine the weight of the same volume. Making small changes in 
each direction, a proportion is eventually found that gives the maximum 
weight for the same volume. Record the proportions (the materials being in 
a dry, compact condition) noting separate weights (or volumes) and combined 
weights (or volumes). 

(5) Add the cement-paste to that mixture of aggregates which shows the 
maximum weight for any given volume until the consistency of the concrete 
is as stiff as conditions will permit for proper placement. 

(6) Compute the quantities of cement, sand, coarse aggregate, and water 
by deducting the amounts unused from the quantities originally measured 
and write the proportions by volume or by weight. 

(7) Find the "field mix” by correcting the proportions to allow for mois¬ 
ture, bulking and loose measurement, as described in the preceding para¬ 
graphs. 

The amount of coarse AGGREGATE that any given volume of cement paste 
can carry naturally depends upon the character of the work involved; the 
designer should put in as much coarse aggregate as possible without losing 
the degree of workability, or plasticity, which the type of w’ork demands. 

During the early stages of the work full-sized batches may be made using 
the proportions determined by trial, and corrections made if the concrete is 
not of a suitable consistency. As a guide in selecting trial mixtures Table V 
may be used: these mixtures are based on dry, compact volumes and proper 
allowance should be made for loose measurement and the effect of bulking 
or increase in volume due to moisture. 

Slump Test and Flow-Table. The two best-known methods employed for 
measuring the consistency and workability of plastic concrete are the dump 
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Table V. Trial Mixtures for Various Water-Cement Ratios 

Water-cement ratios indicated include moisture contained in the aggregate. 

Proportions are given by volume , aggregate dry and compact. Thus 1-2-334 
indicates 1 volume of cement, 2 volumes of sand and 334 volumes of coarse 
aggregate. 

If the aggregates are to be measured in the damp and loose condition they 
will occupy greater volume than when dry and compact. Amount should be 
determined by test. Approximate average value for sand 20%, for coarse aggre¬ 
gate 6%. 

For approximate proportions by weight add 15% to proportions of aggregate 
shown in the table. 

The mixes are given as a guide only. The first batch should be made with 
measured water content and the proportions thereafter adjusted to give the 
desired workability, maintaining the specified water-cement ratio. 


Slump 

inches 

Trial mix, dry compact volumes 
for maximum size of aggregate 
indicated 

1 inch 

2 inches 

Water-Cement Ratio 5 }/£ Gallons per Sack 

34-1 

1-2-3 

1- 2-336 

3-4 

1-H4-2JS 

1-1 H-3 

5-7 

1-132-2 

l-l 1 4-234 

Water-Cement Ratio 6 Gallons per Sack 

Vr- 1 

1-2 H-3X 

1-2X-4 

3-4 

1-2-3 

1-2-3M 

5-7 


1-1 ^-3 

Water-Cement Ratio 6 % Gallons per Sack 

Vr- 1 

1-2 36-3*4 

1 —23-6-4 

3-4 

1-2 -33 4 


5-7 

1-2-3 

1 -2—33- 2 

Water-Cement Ratio 736 Gallons per Sack 

34-1 

1-3-4 

1-3-4 H 

3-4 

1-2 'A-3K 

l-2H-4Ji 

5-7 

l-2}*-3)4 

1-2X-3X 


test and the flow-table. The former is described in the Proceedings of the 
American Society for Testing Materials under Serial Designation: D 138- 
26 T. The sample to be tested is molded in a steel form, shaped as a trun¬ 
cated cone without top or bottom, 12 in in height, and with upper and lower 
bases 4 and 8 in in diameter, respectively. The plastic concrete is deposited 
in the mold in four successive layers with a specified amount of tamping. 
Three minutes after filling the mold is removed by raising vertically. The 
supported mass then either sinks down, tumbles over, or remains standing. 
(See Fig. 11.) The so-called slump is determined as the difference in inches 
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between 12 in and the upper surface of the specimen. Figs. 11 and 12 illus¬ 
trate the procedure. In field practice, as a measure of the workability of 
various batches in which the proportion of cement and the character of 
aggregate is constant, the slump test is a useful device. However, it is not 
sufficiently reliable to furnish a standard for consistency in laboratory work, 
and very erratic results may be obtained when the test is applied to the 
comparison of variously graded aggregates, particularly to the coarser sizes 



Fig. 11. Slumps of Stiff, Medium and Wet Mixtures 


and leaner mixtures. As it is a fair index of workability, and such depends 
upon the grading of aggregates and richness of mixture as well as quantity of 
water, it is apparent that the test should only be used for comparing the 
relative water-content between similar mixtures employing the same propor¬ 
tions and the same aggregate. 

The flow-table is more appropriate for laboratory purposes than for use 
upon the job, as it indicates the relative water-content, or consistency rather 
than the workability, which latter is usually of prime importance in the 
field. As designed by the Bureau of Standards the apparatus consists of a 



Fig. 12. Measuring the Slump 


metal-covered table with the top so arranged that it can be raised and dropped 
freely through a distance of in by one revolution of a cam. The plastic 
concrete is molded in a truncated cone, the mold withdrawn, and the table 
raised and dropped 15 times in 10 seconds. The resulting diameter of the mass, 
divided by its diameter as molded, and multiplied by 100, is considered an 
index of the consistency or How. A slump of 6 to 7 in might be obtained 
from a concrete showing a flow of 210 to 230. 

Quantities of Materials for Concrete Mixtures. The quantities of mate¬ 
rials in a concrete mixture may be accurately determined from the fact 
that the volume of concrete produced by any combination of materials, so 
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long as the concrete is plastic, is equal to the absolute volume of the 
cement plus the absolute volume of the aggregate plus the volume of water. 
The absolute volume of a loose material is the actual total volume of solid 
matter in all the particles. This can be computed from the weight per unit 
volume and the specific gravity as follows: 


Absolute volume 


_ unit weight _ 

specific gravity X unit weight of water 


The method is best illustrated by an example. Assume that the concrete 
consists of one sack of cement (94 lb), 2.2 cu ft of fine aggregate weighing 
110 lb per cu ft, and 3.6 cu ft of coarse aggregate weighing 100 lb per cu ft, 
and is to be mixed with a water-cement ratio of 7 gal per sack. The specific 
gravity of the cement is usually about 3.1 and of the more common aggre¬ 
gates about 2.65. The volume of concrete produced by the above mix is 
calculated as follows: 


Cement 


94 

3.1 X 62.5 


- 0.49 ft 


Fine aggregate 


110 X 2.2 
2.65 X 62.5 


1.46 cu ft 


Coarse aggregate 


100 X 36 
2.65 X 62.5 


2 18 cu ft 


Volume of water — —- 
7.5 

Total volume of concrete produced 


0.93 cu ft 
5.06 cu ft 


Thus, one sack of cement produces 5.06 cu ft, neglecting absorption or loss 
of water in manipulation. The cement required for one cubic yard of con- 
27 

Crete is, therefore, - 5.34 sacks of 1.33 barrels. The quantities of sand 

and stone required can be found by a simple computation based on the 
number of cubic feet used with each sack of cement; thus, for the sand, 

5.34 X 2.2 .. 5.34 X 36 _ 

-—- - 0.43 cu yd required, and for the stone,-—- - 0.71 cu yd 

of stone. 

For unusual materials such as blast-furnace slag and similar light-weight 
aggregates, the exact specific gravities should be used. It will be found that, 
for the purpose of estimating quantities, the average value of 2.65, given 
previously, will be sufficiently accurate for sand and gravel and the common 
varieties of crushed rock. 


Measuring Equipment. On most building operations the cement is meas¬ 
ured by counting the sacks, and the aggregates are measured by volume. 
Some builders measure aggregates by weight, which is more desirable as this 
method eliminates any necessity for correcting the volumes because of the 
bulking of the sand due to moisture. It should be noted that this may be 
a very important item as some sands increase in volume as much as 40% 
through the addition of 5% by weight of water. Volume measurement, 
however, is generally employed and is entirely satisfactory provided that it is 
accurately done. 

The amount op water should be carefully controlled by a measuring 
device which is calibrated to give accurate quantities and enable adjustments 
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to be quickly made. It should be provided with a means of locking so that 
the proportion of water cannot be changed except by some one in authority. 
Various appliances may also be purchased for measuring the sand in a sub* 
merged condition in order to eliminate differences in volume caused by 
variations in moisture. 

Mixing, Conveying and Depositing Concrete 

Mixing. Even for small operations concrete is ordinarily machine mixed 
in batch mixers. Coniinuous mixers are not to be recommended as it 
is difficult to control the proportions of the materials. Hand-mixing can 
be done satisfactorily on a water-tight platform, but is so laborious that the 
cost is usually prohibitive. 

Small mixers designed for a one-bag batch are very practical for small 
operations and for the mixing of plaster or mortar. For reinforced-concrete 
buildings a mixer of J£-yd capacity is extensively used although the 1-yd 
capacity is occasionally seen on large operations. 

Good practice requires that the mixing of each batch of concrete should 
continue not less than one minute after all the materials are in the mixer, 
during which time the mixer should rotate at a peripheral speed of about 
200 ft per minute. This requirement should be taken as an absolute minimum 
as tests show that the strength of concrete is appreciably increased by longer 
periods of mixing. 

By referring to Fig. 16, it appears that the strength of concrete, on a 28- 
day basis, is increased nearly 15% by extending the period of mixing from 
one to two minutes. It is also true that longer mixing tends to develop a 
more homogeneous mixture and one which can be placed with less difficulty. 
The effective time of mixing is the actual duration of the mixing period after 
all the materials, including the water, have been placed in the mixer. Many 
mixers are now equipped with time-locking devices which prevent the 
mixer being discharged until the allotted time has elapsed. 

Retempering Concrete. Although retempering (remixing with additional 
water) has been found of value in lessening the initial shrinkage of the con¬ 
crete, the practice should not generally be allowed, as the retempered material 
may be quite unsatisfactory for structural purposes. Therefore the r. le 
against using concrete that is partially set should be strictly followed. 

Conveying Concrete. The principal agencies at present used for convey¬ 
ing concrete from the mixer to the forms are the tower and hoist as a 
means of elevation, and the buggy or two-wheeled carry-all for the purpose 
of distribution. Chutes can be satisfactorily employed on large jobs which 
lend themselves to this type of distribution, but the tendency during the last 
few years has rather been in favor of buggy distribution. If chutes are used, 
the slope and length of the chute should be adjusted to permit the movement 
of the mixture in such a way as to avoid separation of the materials. In 
general, the slope should not be flatter than 1 :3 nor steeper than 1:2. 
The mixture should be sufficiently plastic to enable the concrete to travel at 
a speed that will keep the chutes clean, but not so fast that the materials 
segregate. 

Where long chutes are used the concrete should be delivered into a hopper 
before it is deposited in the forms. By this means, a certain amount of 
remixing occurs to correct any segregation which may have taken place. If 
concrete is placed directly in the forms, it must not be allowed to fall any 
great distance from the end of the chute. Both before and after each day’s 
run, the troughs or chutes should be thoroughly flushed with water which 
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should be discharged outside of the forms. The use of wheelbarrows in 
place of buggies for conveying concrete from hoppers to forms is usually con¬ 
fined to small jobs, or types of work where the shape of a wheelbarrow permits 
more easy placement of the material. 

Within recent years central mixing-plants have come into general use 
in all of our larger cities. Concrete mixed to a definite specification is con¬ 
veyed to the job in trucks equipped with rotating drums. Under proper 
supervision the results are excellent. 

Depositing Concrete. Before depositing concrete all debris should be 
removed from the forms. In cold weather it may be desirable to use steam 
for the purpose of removing ice and snow. Except in freezing weather 
wooden forms are often wet down immediately ahead of the concrete. It is 
somewhat better practice, however, to oil the forms as mentioned under 
Erection of Forms. This operation can be carried on at all seasons of the 
year, whereas it is not safe to permit the wetting of forms in freezing weather. 

The temporary openings mentioned under Design and Construction of 
Forms should be used for the purpose of cleaning out the bottoms of column 
and wall forms and for the drainage of excessive water. A final check should 
be made immediately prior to placing concrete to make certain that all 
openings are properly closed, the forms thoroughly cleaned and true to the 
lines and dimensions given upon the drawings. 

The depositing of concrete has only recently received the attention that it 
merits. In the past many inspectors have been satisfied to see the forms 
filled with a properly proportioned mixture and have given little attention 
to the method used in placing the material, other than to enforce the general 
requirement of spading. This has resulted in segregation, laitance, and lines 
of weakness which have been the cause of serious weathering on many types 
of work. 

In the first place, the mixture must be of such a consistency that it will 
flow into the corners and angles of the forms and thoroughly embed the 
reinforcement. The custom of pouring a few buggies of “soup” into the 
bottoms of beam forms before depositing the concrete forming these structural 
members is not to be recommended, as the mortar surrounding the reinforce¬ 
ment is of such weak consistency that it has little strength or fire resistance. 
A careful proportionment of the materials, transportation that will avoid 
segregation, and a reasonable degree of care in depositing the concrete will 
permit the proper embedment of reinforcement in any beam correctly 
designed without resorting to “soupy” mixtures. 

In filling a length of form-work, concrete should not be deposited continu¬ 
ously at one point and allowed to flow to distant points, as this practice causes 
segregation of the water and “fines” from the rest of the mixture. Con¬ 
trary to opinions once held, excessive amounts of tamping have been shown 
to cause separation of materials. Spading of the concrete mixture against 
the forms is another operation which is usually overdone by the conscientious 
workman. A little spading is sufficient to prevent honeycomb, and excessive 
manipulation results in drawing a layer of fines against the forms which 
produce an inferior wearing surface more subject to disintegration. 

When concrete is placed in deep layers water is forced to the surface. The 
excess water should be worked to a low point and removed without actually 
causing a flow. 

When water exists in an excavation it should be removed before depositing 
concrete. A flow of water is particularly to be avoided as it tends to wash 
the cement from the newly deposited mass. 
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Laitance. This term is applied to the whitish, chalk-like substance of 
very little strength forming on the upper surfaces of concrete which is placed 
in too wet a condition. Specifications have, in the past, required the removal 
of laitance before continuing the successive stages of an operation; the mix¬ 
ture should be of such a consistency that laitance will not form—its presence 
indicates that the concrete is not properly mixed, or that it has been allowed 
to segregate. Lines of laitance between the work of successive days leave 
courses of weakness through walls, or other structural work, which not 
only offer easy passage for water in foundations and retaining walls, but also 
hasten the surface disintegration of work above grade. 

Construction Joints. In building construction, beams and girders are 
normally poured at the same time as the floor slabs. Except when cold 
weather makes a different procedure imperative, it is desirable to pour the 
columns and walls up to the bottoms of beams, or, in girderless construction, 
up to the bottoms of drops, or floor slabs, at least a few hours before the 
remainder of the floor-system is cast. This is done to permit the concrete 
in the columns to settle before placing the supporting members; otherwise 
there is a probability of cracks occurring around the necks of the columns. 

Planes separating work done on different days, or at periods sufficiently 
apart to permit the partial hardening of the concrete, should be either hori¬ 
zontal or vertical. If the concrete is deposited in horizontal layers, the con¬ 
struction joints will be level. This matter is of course negligible in floor con¬ 
struction but of great importance in pouring walls. When applied finishes are 
not employed, a satisfactory appearamce depends upon keeping the board 
marks and lines of deposit either horizontal or vertical. 

Long wells can be broken up by vertical construction joints, spaced at 
equal intervals, which may also serve as contraction joints, but, in any case, 
should be formed by a stopper which makes a straight vertical plane between 
the faces of old and new concrete. As joints in structural floors should con¬ 
form to planes of minimum shearing-stress, work is stopped along the center 
lines of slabs and at the mid-spans of beams and girders. If a beam inter¬ 
sects a girder at this point, the joint in the girder is offset a distance equal to 
twice the width of the beam. 

Before commencing the continuation of work, the surfaces previously cast 
are cleaned, roughened, and thoroughly saturated with water. It is also 
good practice to coat the old surfaces with a neat cement-grout, depositing 
the new concrete before the grout has attained its initial set. 

As construction joints have no permanent function and are merely con¬ 
venient divisions between work done on different days, or periods, it is often 
customary to place bonds in the concrete for the purpose of strengthening the 
joint and, in the case of walls, to leave recesses in the concrete first poured to 
make a tight joint with the new work. The bonds employed are usually 
m~in or }^-in round rods, extending 30 or 40 diameters each side of the joint. 

When forming construction joints that are required to be water-tight, good 
practice recommends that horizontal joints be constructed by forming a 
continuous key way in the lower portion of the concrete before it has hard¬ 
ened. Vertical joints may be made by the use of a metal water stop of 
non-corrodible material. 


Curing Concrete 

Effect of Temperature. The hardening of concrete is a chemical process 
which requires warmth as well as moisture. When newly mixed concrete is 
subjected to a freezing temperature the water crystallizes and is not 
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available for action with the cement. If the concrete freezes immediately 
after depositing, it may be permanently injured and when eventually 
thawed out, even several months later, will probably have only a small pro¬ 
portion of the strength which would normally be attained at that age. Owing 
to this fact, a number of serious accidents have occurred through stripping 
frozen concrete which had become hard by reason of freezing and not 
through the process of normal hydration. It is also true that if newly placed 
concrete is frozen for only a short period it may never attain its normal 
strength and alternate freezing and thawing is extremely harmful, 
causing structural weakness and the crumbling and spawling of exposed 
surfaces. 

Most men in charge of concrete work realize the injury that may be caused 
by actual freezing, but fail to appreciate the extent to which the hardening 



Fig. 13. Percentages of Strength for Different Temperatures 

process may be delayed by low temperatures. Fig. 13 shows the relative 
strength of concrete cured at different temperatures. From these data it 
is apparent that a mixture which would normally acquire 52% of its 28-day 
strength when cured at a temperature of 70° F., for a period of 7 days, would 
only develop about 33% of the same strength when cured for a like period at 
a temperature of 40° F. 

Effect of Moisture. As concrete requires water for the hydration of 
cement, which is a slow process extending over a long period, it is necessary to 
supply moisture during the time that the concrete is curing. Fig. 14 illus¬ 
trates the value of moist curing. All specimens were tested at an age of 
four months, but they were cured differently, being placed in damp sand for 
the various periods indicated and then allowed to cure in dry air until tested 
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The chart shows that the same concrete which developed only 1 400 lb in 
compression when cured for 120 days in dry air, gave a compressive strength 
of 2 500 lb when cured for 10 days in damp sand and for 110 days in dry air. 
It may also be noted that a very appreciable increase in strength is obtained 
by moist curing for approximately the first 30 days. 

Floors and sidewalks should be covered with a layer of burlap, sand, 
earth, or sawdust as soon as the finish is sufficiently hard to prevent injury, 
and kept wet for at least 10 days after the concrete is deposited. This prac¬ 
tice not only gives a stronger concrete, but also greatly lessens the wear and 
dusting of the surfaces, which qualities are generally considered to depend 
upon the strength. Structural concrete such as walls, columns, and the 
undersides of floor-slabs, should be supplied with moisture by frequent 
sprinkling. In cold weather, when such a procedure is of course impossible. 



Storage- Days in Damp Sand Followed by Air 
Storage until Tested. Total Age 4 Months 

Fig. 14. Relation Between Curing Conditions and the Compressive Strength of 

Concrete 

moisture may be supplied to the enclosed portion of a building by the use of 
steam or by water containers placed over salamanders. 

Applied wall finishes such as stucco should be protected from both sun 
and hot winds for a period of a week to 10 days and thoroughly sprinkled at 
least twice a day during this time. Such work should never be carried on in 
freezing weather except when the entire area is enclosed. 

Effect of Age. Although, for design purposes, the strength of concrete 
at an age of 28 days is usually taken as a basis for determining working 
stresses, Fig. 15 shows a constant increase through a period of 5 years. 
These data represent a large number of specimens made with various water- 
cement ratios and of different mixtures. It is interesting to note that con¬ 
crete which would normally give a strength of about 2 700 lb per sq in at an 
age of 28 days attains a strength approximately 5 200 lb per sq in at an age 
of 5 years. 

Winter-Weather Operations. Concrete work may be carried on success¬ 
fully in weather with frosty nights, without enclosing the work, provided 
the water used in mixing is heated to a temperature of about 130° F., and 
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both the fine and coarse aggregates are sufficiently warmed to insure the 
removal of frost. When stock piles are placed upon the ground this can be 
easily accomplished by piling the materials over old sewer pipes, or on a 
sheet of corrugated metal, under which a wood fire is kept burning. A few 



Fig. 15. Relation Between Age and the Compressive Strength of Concrete 

pails of boiling water are usually sufficient to temper that used for mixing 
purposes. If there is steam available on the job, this can be used to heat the 
water as well as to remove all frost and ice from the faces of forms and rein¬ 
forcement. Each night after finishing a day’s work the newly placed con- 
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Fig. 16. Relation Between Time of Mixing and the Compressive Strength of 

Concrete 

crete should be protected with canvas or tar paper, or a layer of salt hay or 
similar material. Protection of this kind should be replaced each night or 
when frost is imminent for at least one week after the concrete has been 
poured. 

Although the foregoing precautions are satisfactory for frosty weather and 
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particularly suited to small operations, it is necessary to provide a much 
more elaborate plant for large buildings constructed in winter weather. 

Most builders engaged in the erection of reinforced-concrete structures 
consider it necessary during really cold weather to enclose several stories 
with canvas and to provide artificial heat through the interior either by means 
of salamanders or steam. The water and aggregates are heated by steam 
supplied from a boiler provided for the purpose and every precaution is used 
to insure that the concrete is placed at a temperature not less than 50° F. 
nor over 120° F. To obtain a desirable temperature, under average condi- 
tions, the water should be heated to about 150° F. and the aggregates to a 
temperature of at least 40° F., the exact temperature depending upon that of 
the outside air, the character of the plant, and the type of work under con¬ 
struction. On all cold-weather operations, temperatures should be taken 
at various critical points at regular intervals throughout the day and night, 
in order that the rapidity of curing may be closely estimated before removing 
the forms. 

Concrete in Alkali Soils. If concrete is subjected to ground water, alkaline 
in nature, disintegration may result. Concrete sewers are particularly vul¬ 
nerable, but trouble has occurred with building foundations which should be 
protected by a system of subsoil drainage where high concentraions of soluble 
sulphates occur. 

When designing concrete mixtures to resist destructive agents of this 
nature, it should be remembered that impermeability is a most important 
quality. Care should be exercised to obtain a well-graded aggregate, neither 
porous nor weak in structure, to use a consistency as dry as can be properly 
placed, and to insure proper mixing and careful curing under moist conditions. 
It is also desirable to increase the quantity of cement in the concrete, some 
designers requiring a minimum of 1% barrels per cu yd. 

When placing concrete subject to the action of alkali, the number of hori¬ 
zontal construction joints should be reduced to a minimum, as such are 
planes of weakness along which surface disintegration is most likely to start. 
Reinforcement should also be more thoroughly protected for serious exposure 
of this nature, 2 in of concrete being a minimum for this purpose, and in 
foundations and footings a 4-in protection is generally required. 

Construction under Water. Only as a last resort should concrete be 
deposited under water, as the results are always subject to a degree of uncer¬ 
tainty. When, however, such a procedure is necessary, a somewhat richer 
mixture should be used in order to provide for any loss of cement during the 
process of depositing. One and three-quarter barrels of cement per cu yd 
is a desirable minimum. A satisfactory method of placing concrete under 
water is with a tremie, or steel pipe of sufficient length to permit the lower 
end reaching the bottom of the space within which the concrete is placed, 
while the upper end is above water-level. When first lowered in place, 
the tremie is plugged at the lower end to prevent the entrance of water, 
or the escape of the concrete; when in position, the plug is removed and 
the concrete allowed to flow out slowly. A hopper at the upper end pro¬ 
vides a continuous stream of concrete and, as the lower end is kept submerged 
in the plastic mass already deposited, the loss of cement is minimized. 

Salts in Sea-Water. The salts present in sea-water are of the sulphate- 
chloride type which produce disintegration on concrete surfaces by forming 
soluble compounds with the elements of the cement. The action of salt 
water has little or no effect upon impervious concrete. Permanent results 
may be accomplished if the same precautions are followed as recommended 
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in the case of alkali soils. Impermeability demands sound aggregates of low 
porosity. The amount of mixing water should not exceed six gallons per 
sack of cement, which should include the free moisture in the aggregates. 
(See Table IV.) The aggregates should be combined and proportioned with 
the cement as described, mixed until thoroughly homogeneous, and trans¬ 
ported without segregation. During the process of depositing, the plastic 
mass should be of such a consistency as to flow easily into place without 
excessive tamping and free from any accumulation of water upon freshly 
poured surfaces. Where it is impossible to pour a unit of work in one con¬ 
tinuous operation, construction joints should be left, and a good bond 
obtained between old and new work, as described under Construction Joints. 
Favorable curing conditions are extremely important, and where the highest 
quality of concrete is necessary, the surfaces should be kept damp for a period 
of two weeks after placement. 

Water-Tight Concrete. It is perfectly possible to construct water-tight 
concrete walls; the fact that most concrete work is extremely porous is not 
due to any inherent failure in the materials but to a lack of knowledge in 
construction methods. Providing that a structure is properly designed, 
walls can easily be constructed to resist high water-pressures without the use 
of water-proofing compounds. Although it is essential to apply a flexible 
membrane where movement due to unequal settlement or other cause may be 
expected, and surface applications of cement mortar are of great service in 
certain types of work, the use of an integral compound for water-proofing 
purposes would seem to be of very little value. It is extremely difficult, 
if not impossible, to make poor concrete water-proof by the use of admixtures 
and, if the recommendations given in the previous paragraphs be scrupu¬ 
lously followed, water-tight concrete can be built without the use of any 
proprietary compounds. 

Shrinkage and Expansion of Concrete. Volumetric changes normally 
occur during the hardening process of concrete. Specimens that are cured 
in dry air commence to shrink from the time that they are formed and con¬ 
tinue to decrease in volume for a period of several months. If the same 
specimens are placed in water after their initial hardening, a slight increase 
in volume occurs over a like period. If subsequently dried, they will shrink 
to about the same volume as those cured in dry air. 

The principal cause of shrinkage is the loss of water due to evaporation, 
or absorption by the aggregate or by the forms. The preliminary shrinkage 
which takes place while the concrete is still plastic is fairly rapid, depending 
upon the rate of the evaporation of the mixing water, as affected by the 
relative humidity of the air and the exposure of the mass. For example, con¬ 
crete placed in a thin wall exposed to hot sun and wind shrinks to an extent 
that may result in surface checking. ** 

Secondary shrinkage, occurring after the member has assumed a definite 
form, is also due to loss of water from the concrete, but is very much slower 
than that occurring immediately after placement. Richer mixtures shrink 
more than those containing less cement, as the cement paste is the material 
responsible for the volume changes. It is also true that the degree of shrink¬ 
age increases as the mixture becomes wetter, that is, as a function of the 
water-cement ratio. 

Temperature changes in the surrounding air result in volumetric changes 
throughout the life of a structure. The theoretical coefficient of expansion 
of concrete for normal temperatures is approximately 0.000005, which means 
that for a change in temperature of 100° F. a concrete member 100 ft long 
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would increase in length approximately % in; the actual change in length of 
concrete structures, however, does not usually approach this value. 

Changes in atmospheric moisture also cause volumetric changes in con¬ 
crete structures which may be as great as that due to a change of 100° F. 
in temperature. These various factors make it necessary to provide for the 
contraction and expansion of concrete members as described under Contrac¬ 
tion Joints in Concrete Buildings, Part 3.) 


Finishing Concrete Surfaces 

Exterior Finishes of Monolithic Buildings. The first essential for an 
attractive exterior is that the structure be built true to line and level. Any 
amount of surface treatment cannot overcome the ill effect of bulging walls, 
drooping beams, or irregular arrises. 

Within the last few years some very attractive work has been done in con¬ 
crete leaving the surfaces practically as stripped. Unless covered by 
an applied finish of appreciable depth, board marks will show on surfaces 
formed in wood, no matter how carefully the work may be done. These 
lines, however, if kept absolutely horizontal, are unobjectionable for certain 
types of work. When constructing columns, it is customary to run the boards 
comprising the forms vertically. The method used foi securing the forms 
should also be considered in relation to the surface, as it is impossible to 
cut back tie-wires without patching the holes. There are at present some 
very satisfactory devices which secure the forms in place without leaving 
unsightly holes or patches that must later be filled. 

The consistency of concrete is another matter which affects the appear¬ 
ance of the finished surface where such is not covered by an applied 
finish. If it is intended to remove the film of cement by either proprietary 
compounds, or by scrubbing, or tooling the surface, the consistency of the 
mixture should be very carefully controlled in order to avoid separation of the 
materials, which produces a spotty surface. Laitance due to excessive 
moisture, although always objectionable from the structural viewpoint, is 
particularly disastrous where concrete surfaces are to be given an exposed 
aggregate treatment, as this necessitates patching with its accompanying 
discoloration of the surfaces. 

Although excessive spading along the faces of forms results in carrying 
too great a proportion of “fines” to the exterior surfaces of the concrete, 
particular care should be exercised to avoid honeycomb, which can be rem¬ 
edied from a structural viewpoint, but which is extremely hard to make 
presentable in appearance. 

Forms should be carefully designed for all detail work cast in concrete, in 
order to permit stripping without danger of breaking moldings and other 
small members. If it is necessary to repair exterior work, this should be 
cast in place in wood or metal forms. The practice of “running” con¬ 
crete moldings with a templet, as might be done on interior plaster work, 
is seldom successful and should not be permitted, as the movement of the 
templet over the partially hardened concrete almost invariably effuses struc¬ 
tural weakness resulting in rapid deterioration under the action of rain and 
frost. If it is necessary to patch work previously cast, such as broken mold¬ 
ings or the corners of posts, the old work should be drilled and the new por¬ 
tions thoroughly bonded by the use of dowels and reinforced with small rods. 

The first step in finishing the exteriors of monolithic buildings is the 
removal of all nails, wires, or bolts. If tie-wires are cut back they should 
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be protected by at least one inch of mortar. The next step, which is also 
essential for even structural reasons, is the filling of stone-pockets or honey¬ 
comb with a cement mortar of approximately the same proportions as used 
in the concrete mixture. If it is necessary to remove defective work, care 
should be exercised to cut sharp shoulders, at least in deep, around the 
edges of all cavities: if a patch of mortar is spread out thinly over the sur¬ 
rounding concrete, the edges invariably crack off. The best work of an 
architectural character now avoids the use of ordinary bolts, thereby 
eliminating the holes, but where such are used, the holes can be stopped with 
corks driven to a sufficient depth to permit a 1-in protective coat of mortar 
to be placed over the top. All patches of whatever nature should be kept 
wet for a week after their application. If this is not done, the shrinkage of 
the mortar in hardening tends to develop cracks between old and new work. 

Types of Exterior Finishes. One of the most satisfactory treatments for 
the exterior surfaces of industrial buildings is a finish applied by means of 
smoothing and slightly grinding the surface with carborundum stones 
applied by hand. The first step in the process is to thoroughly rub the sur¬ 
faces with a No. 20 carborundum stone, using plenty of clean water, which 
develops a thin paste later on removed by washing and brushing. This 
operation is more effective if carried on while the concrete is still green, pref¬ 
erably about 24 hours after placement. If the work is delayed until the 
concrete has thoroughly hardened, a cement wash is used instead of plain 
water, which assists in the formation of a thin paste. After the structural 
work is finished, and when the building is ready for final cleaning, the sur¬ 
faces are again rubbed with a No. 24 carborundum stone, using plenty of 
clean water. This operation is followed by brushing and washing without 
the application of any other surfacing material. 

For a number of years various means have been employed to remove the 
thin layer of cement forming on the exterior of concrete surfaces, in order 
that the aggregate may be exposed. Although satisfactory results are ob¬ 
tained over limited areas by scrubbing partially hardened concrete surfaces 
with wire brushes, this and similar treatments produce very uneven results 
when applied to the exteriors of entire buildings. One of the principal diffi¬ 
culties is the impracticability of stripping all portions of the work at exactly 
the same age, which makes it impossible to obtain uniformity in the appear¬ 
ance of treated surfaces. Where an exposed aggregate finish is desired 
it is recommended that the surface treatment be at least supplemented by 
the use of a proprietary compound, similar in appearance to medium-weight 
oil, with which the forms are coated, and which has a property of killing the 
action of the cement on the surface against which it is applied. The manu¬ 
facturers claim that by painting the surfaces of the forms with this material, 
the aggregate may be easily exposed after stripping by merely using a wire 
brush with water. 

Tooling can be used for the finishing of monolithic concrete as readHy 
as for the various types of artificial stone. It is of course essential that the 
concrete be of a homogeneous nature and sufficiently hard to avoid pitting or 
spalling of the surfaces. As this is a rather expensive operation, its applica¬ 
tion is usually limited to panels and used more in a decorative way than as a 
general exterior finish. 

Excellent cement paints may be obtained which are prepared for exterior 
use where it is desirable to paint concrete surfaces. Such coatings are pre¬ 
pared to resist the action of the lime in the concrete, and they cover about 
the same range of colors as found in ordinary oil paints. 
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Although not of particular value as a permanent finish, a CEMENT wash 
composed of 1 part of white or gray cement to 1 part of finely screened sand 
with 5 % of hydrated lime, measured by volume of cement, may be applied 
with a whitewash brush and is satisfactory for some types of work. The 
sand should be screened through a No. 18 sieve. This application may be 
later rubbed into the concrete surface by means of a cork float or carborun¬ 
dum stone, or the surface may be brushed; in any case, all excess material 
should be removed and the work left eventually with only the thinnest possi¬ 
ble coating. In order to avoid dusting, washes of this nature should be sprin¬ 
kled with a fine spray, two or three times a day, for at least three days fol¬ 
lowing the operation. 

Although it is extremely difficult to make trowel applications adhere 
to hardened concrete walls, unless the latter are thoroughly roughened, it is 
possible to successfully apply a thin finish thrown on by means of a brush or 
paddle. Applications of this nature should not be attempted upon surfaces 
cast in metal forms, and they require, in any case, careful workmanship. The 
surfaces should be partially saturated with water shortly in advance of the 
work, but not by any means drenched, the idea being to avoid an excessive 
absorption of moisture from the mortar but to retain enough suction so that 
the applied material will adhere to the concrete surface. Only a thin coating 
can be used, and if the surface is not sufficiently covered, two thin applica¬ 
tions should be made instead of one of greater thickness. The success of 
such an operation may well depend upon the method of curing, which should 
insure protection from both sun and hot winds, and sprinkling two or three 
times a day for a week after application. 

Granolithic Floor Finishes. Concrete floor surfaces may be laid either 
monolithically with the slab forming the structural floor, bonded to the slab 
if the latter has hardened, or laid quite independently over a fill such as cin¬ 
ders or cinder-concrete. For industrial buildings where there are compara¬ 
tively few pipes or conduit, and these can be laid out in advance of the work 
and run in the thickness of the structural slab, it is more economical to use 
a monolithic finish. If so laid, the wearing surface, % in or 1 in in thickness, 
can be considered, for design purposes, a part of the structural thickness of 
the floor, which makes a very appreciable saving in the cost of a large building. 

On winter work, however, it is not practicable to finish and protect 
large floor-areas so that it often becomes necessary, even for industrial opera¬ 
tions to place the finish later. For office-buildings and particularly for 
apartments, where granolithic finishes are employed in halls and service por¬ 
tions, it is usually necessary to use a fill between the structural slab and the 
finished floor, for the purpose of supplying space for pipes and conduit. 
Under these conditions, the granolithic finish, not having the support of the 
structural slab, is usually made somewhat thicker, varying in different 
specifications from 1 to 2 in. 

The principles involved in securing a good floor finish are the same in any 
case. Research work has proven that the abrasive resistance of concrete 
increases with its compressive strength and that only a poor concrete is 
subject to dusting. The problem is then to design a mixture for the grano¬ 
lithic surface on exactly the same principles as previously outlined for con¬ 
crete mixtures used in structural work. 

Materials tor floor finish should conform to the standard requirements 
except that the size of the aggregate will of course be much smaller. Propor¬ 
tions are varied for different classes of work, a popular mixture being 1 part 
cement to 1 part sand to 1 part of crushed stone, the latter passing a screen 
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having %~in openings, and not more than 10% passing a screen having J4-in 
openings. One part of cement combined with % part of sand, and or 
2 parts of coarser aggregate, may sometimes make a better mixture, or the 
specification might be written to accept the entire run of a crushed stone or 
gravel passing a J^-in or J'g-in screen with the dust only removed, depending 
upon the relative grading of the aggregates. It is a general principle that 
better work will be obtained if the aggregate is chosen as coarse as practicable. 

The limitation on the amount of water is one of the most vital considera¬ 
tions in the specification of granolithic floors. Owing to the variation in 
materials, it is impossible to make any definite statement in regard to the 
quantity that should be permitted, but this should be limited to that which is 
necessary to produce a consistency as dry as can be smoothed upon the floor 
without tearing under the strikeboard. In general, this corresponds to a 
slump of between 2 and 3 in. 

Where coloring materials are used, it is desirable to choose a white 
cement as the ordinary grade of Portland cement does not produce clear 
colors. Although many builders are accustomed to use calcium chloride, 
or various proprietary compounds, for the purpose of accelerating the hard¬ 
ening process, this practice is not by any means universal. The use of 
such admixtures is, however, often economical owing to the saving in over¬ 
time labor on the part of the finishers. Hardeners are sometimes recom¬ 
mended as being absolutely necessary in order that a good wearing surface 
may be produced. Although these compounds probably assist in gaining 
this result, they are not essential, and excellent work is done without them. 

Granolithic floor surfaces are normally troweled to a smooth, hard finish 
by the use of both wooden float and steel trowel. Two separate trowclings 
are required, the first being done as soon as the surface is hardened sufficiently 
to support the knee-boards upon which the workmen kneel, and the second 
or last troweling just before the initial set takes place. A wooden float has 
the advantage of not exerting as much suction as a steel trowel but, on the 
other hand, the steel is necessary to form a hard metallic surface. Excessive 
troweling should be avoided, and the practice of sprinkling dry cement upon 
the surface of the concrete in order to hasten the drying process tends to 
form a skin coat which will later be subject to dusting and crazing. 

Exterior work, such as sidewalks and the surfaces of stadiums, should not 
be troweled to the same extent as the floor surfaces. In fact, it is recom¬ 
mended that such be finished by means of a wooden float and untouched by the 
steel trowel. Most defective work in this field is due to two causes: excessive 
water in the mixture, and excessive troweling. Failure usually occurs 
through surface crazing due to the fact that all of the “fines” in excessively 
wet mixtures have been drawn to the surface by the suction of the trowel. 
This surface layer of fine sand and cement is very quick to succumb to the 
action of rain and frost. 
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CHAPTER XXIV 

TYPES OF ROOF-TRUSSES 

By 

C. E. PALMER 

PROFESSOR OF ARCHITECTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 

1. Definitions 

Truss. A truss is a structural framework composed of a series of straight 
members so arranged and fastened together that external loads applied at 
the joints will cause only direct stress in the members. 

The only geometrical figure which is incapable of a change in shape with¬ 
out a change in length of its sides is the triangle, which is the basic arrange¬ 
ment of the members composing a truss. 

A simple truss is one in which (a) the combination of members forms a 
complete series of triangles; (6) the axes of all membeis at each joint meet 
in a common point; (r) the reactions are not restrained horizontally but are 
vertical under vertical loading; and ( d) the reactions due to inclined loading 
can be determined by the fundamental equations of static equilibrium. 

Simple trusses are designed to act as beams, when spans and superimposed 
loads are too great to permit the economical use of sections commonly referred 
to as beams. A roof-truss, being composed of a series of joined members, 
can be adjusted to conform to the shape of the roof outline and also to pro¬ 
vide transverse support for the ceiling construction. 

Chord Members. The upper and lower flange members of a truss are 
called the upper and lower chord, respectively. When the external loads 
act downward and the truss is supported at its ends, the upper chord is always 
in compression and the lower chord always in tension similarly to the upper 
and lower flanges of a simple beam. 

Web-Members. Those members of the truss which are framed between, 
and join the upper and lower chord, are called web-members. They are 
subjected to direct stresses of either tension or compression of amounts such 
that the vertical components of their stress on a given vertical section will 
neutralize the unbalanced vertical summation of all external loads, reactions 
and vertical components of chord-members on that section. 

Web-members which are subject to tensile stress are called tension web- 
members, and those which are subject to compression are called compres¬ 
sion WEB-MEMBERS. 

Counterbrace. A web-member which is designed to resist either tension 
or compression is called a counterbrace. In certain positions a web-member 
may be subjected to tension through the action of a load applied at one point, 
and when applied at another point that load may produce compression in 
the member, hence at one time it will be subjected to tension and at another 
time to compression. 

When the stress in any member of a truss is the result of several external 
forces, some of which cause tension and others of which cause compression, 
the maximum combination of the algebraic sum is the maximum design 
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stress for the member. Such a member is not a counterbrace unless under 
two different possible combinations of loads the net stress is tension in one 
case and compression in the other. 

Counter. A counter is a member of a truss system which acts only for a 
particular partial loading, and which has zero stress when the truss is com¬ 
pletely loaded. 

Panel. A panel, or panel length, is the distance between two adjacent 
joints along either the upper or lower chords. The quadrangular space, 
crossed by an inclined web-member, is also referred to as a panel of the truss. 

Bay. The portion of the roof between two adjacent trusses is called a bay. 

Bent. When a truss is supported at its ends'by columns, the truss together 
with its columns, considered as a unit, is called a bent. 

Panel-Point. The intersection of two or more members of the truss is 
called a joint, or panel-point. 

Purlin. Beams supported by the upper chords, spanning from truss to 
truss and supporting the roof construction, are called purlins. Whenever 
possible purlins should be supported at the panel-points. 

Ceiling-Beams. Beams supported by the lower chords, spanning between 
trusses and supporting the ceiling-construction, are called ceiling-beams. 
Ceiling-beams should, wherever possible, be framed to transfer the ceiling 
loads to the panel-points of the supporting truss. 

. Rafters. An inclined beam resting on and supported by the purlins, 
usually about 16 in to 24 in on centers, and which supports the sheathing 
directly, or may support sub-purlins, is called a rafter. 

Sub-purlin. A secondary system of beams parallel to the purlins and sup¬ 
ported by the rafters is sometimes employed to support tile or slate weather¬ 
ing surfaces. These beams are called sub-purlins. 

Weathering Surface. The finished upper surface of the roof construction 
such as tile, slate, wooden shingles, copper, etc., is called the weathering 
surface. 

Structural Covering. The construction above the purlins, such as rafters 
and sheathing or a concrete slab designed to support the weathering surface, 
is called the structural covering. 

Span. The span of a roof-truss is the distance between the centers of the 
supports, which in a simple truss is the distance between end-joints. 

Rise. The rise is the distance between the apex, or the highest point, 
of the truss and the line joining the points of support. 

Pitch. The pitch of a roof-truss is the ratio of the rise to the span for a 
truss symmetrical about its center line. 

Slope. The slope of an inclined chord-member is the tangent of the angle 
of inclination with the horizontal, usually specified in inches rise per 12-in 
horizontal run. 


2 . Classification of Trusses 

Fundamentally, trusses may be divided into three general classes, relative 
to the number and arrangement of the members composing the truss: 

(a) Complete Frame. A complete structural frame, or truss, is one which 
is made up of the minimum number of members required to provide a com* 
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plete system of triangles fixing the relative positions of a given number of 
panel-points. Beginning with the first triangle of any series, the three sides 
locate three panel-points, and each additional panel-point requires two addi¬ 
tional sides for its location, hence, if p « the number of panel-points in the 
entire structure and n - the minimum number of necessary members: 

n - 2p - 3 (1) 

A simple form of a complete structural frame is shown at (a), Fig. 1 . In 



this frame there are fifteen members (1) to (15), and nine panel-points as 
shown, whence, from Equation (1), the frame is complete: 

* - (2 X 9) - 3 - 15 

(b) Incomplete Frame. An incomplete frame is one in which the number 
of members is less than that required by Equation (1). Such a frame is 
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shown at (6), Fig. 1, where the total number of panel-points is 8, hence the 
minimum number of necessary members is: 

n - (2 X 8) - 3 - 13 

The number of members is 12 or one less than the required minimum, and 
the frame is, therefore, incomplete. 

A structure such as illustrated at ( b ) is unstable except under symmet¬ 
rically arranged loads, and from the general definition given in Article 1 this 
frame, or any other incomplete frame, is not a true truss. 

(c) Redundant Frame. A redundant frame is one which contains a greater 
number of members than required by Equation (1). 

The frame shown at ( c ), Fig. 1, is a redundant frame since there are 9 panel- 
points and 16 members, as shown. The number of members should be: 

« - (2 X 9) - 3 - 15 
or one less than the number shown. 

If a second diagonal is added to any quadrilateral panel, the added diagonal 
is always a redundant member; however, if such an added member is capable 
of resisting only one kind of stress, the redundancy is only apparent. 

If in Fig. 1 (c) the diagonals in the center panel are made of rods with no 
joint at 9, the number of members is 14, but for eight joints the limiting num¬ 
ber is (2 X 8) — 3 = 13. 

Since the rods cannot take compressive stress, only one of the diagonals 
will act at a time, depending upon the direction of the shear in the center 
panel as the applied load is shifted from one side of the center line of the 
structure to the other; hence, in reality the frame is complete and the 
redundancy only apparent. 


3. Types of Roof-Trusses 

Roof-trusses may be classified as to type with respect to form, method of 
support, or arrangement of the wcb-bracing system. 

(а) The general form or outline of a truss is often determined by archi¬ 
tectural considerations, and it may be triangular, quadrangular, cres¬ 
cent, scissors, arched, etc. 

(б) A truss may be supported at each end-joint, known as a simple truss 
span, or at one end-joint and one other joint not an end-joint, known as an 
overhanging end span, or the entire support may be supplied at one end 
only, known as a cantilever span. 

(c) The subdivision of a truss into triangular elements may be accom¬ 
plished by various arrangements of the web-members. The systems of web¬ 
bracing in general use bear the names of the men who introduced them, such 
as Howe, Fink, Pratt and Warren. 

Figs. 2 and 3 illustrate some of the more common types of roof-trusses used 
in building-construction. 

All the types of trusses illustrated are well adapted to steel construction, 
but on account of practical difficulties in making satisfactory joints, the more 
suitable types for timber construction are the Howe, scissors, and ham¬ 
mer-beam types. 
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Fig. 2. Common Types of Roof-trusses 
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Fig. 3. Common Types of Roof-trusses 
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4. Composite Trusses of Timber and Steel Rods 

The term timber roof-truss is commonly used to designate a truss con¬ 
structed principally of wood, but with the tension web-members composed 
of steel rods. It is possible to construct many types of roof-trusses entirely 
of timber; however, it is practically impossible to design economical joints 



which will effectively transfer tensile stress in an all-timber truss, except for 
the most simple types of short-span trusses. 

The Howe truss. Fig 2, is the type most extensively used for composite 
trusses of timber and steel rods. The number of panels depends upon the 
span of the truss and the purlin spacing and when there are only two panels 



for each one-half of the truss span, as shown in Fig. 4, the truss may be built 
entirely of timber, excepting the steel strap fastenings for the vertical tension 
member. Such a truss is called a king-post truss. A more practical con¬ 
struction of such a truss is shown in Fig. 5, where the center tension-member 
is a steel rod passing through the chord members, and secured at each end 
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by a nut which takes bearing on a washer. When an attic-floor or a ceiling 
is to be supported by the lower chord additional panel-points are provided by 
additional tension-members, as R, R, shown by dotted lines. 



Figs. 6 and 7 illustrate the extension of the Howe type of composite timber 
and steel-rod truss for spans up to 48 and 60 ft, respectively. 

Trusses with Parallel Chords. Trusses with parallel chords are frequently 



used in deck-roof construction, for intermediate supports of long hips in 
hipped-roof construction, and for flat-roof construction 

When, as is generally the case, there is a possibility of unsyrnmetrical load¬ 



ing, due to wind, snow, or unequal distribution of dead loads, counters must 
be supplied in those panels where the direction of the shear under partial 
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load differs from that for full loading, as illustrated in Figs. 8 and 9. Trusses 
of this type, as in Fig. 10, may be employed for spans up to 80 ft; however, 
excepting in localities where timber is relatively cheap and easily obtainable. 



steel trusses are more economical than composite timber trusses for spans in 
excess of 60 ft. 

When the truss is placed in the longitudinal direction of a flat roof, as 
shown in Fig. 11, the upper chord may be made to conform to the inclination 
of the roof so as to support the rafters directly without blocking. It should 



Fig. 10. Ten-panel Howe Truss 


be noted that in this, as in any construction, where the loads are applied 
between panel-points of a chord member, the supporting member must func¬ 
tion as a beam in addition to its function as a member of the truss. The 
design stress for such a member is the direct sum of the stress due .to flexure 
and the stress due to truss action as discussed more fully in Chapter XXVI. 



Fig. 11. Six-panel Howe Truss with Top Chord Inclined 


For deck or mansard roofs the upper chord may be made to conform to 
the outline of the roof as shown in Fig. 12, and those panels in which the 
character of stress in the inclined web-member is subject to reversal must be 
supplied with counters, unless connections capable of transferring tensile 
stress are provided at the ends of the single diagonal. 
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Scissors Trusses. The scissors truss, so named from its resemblance to 
a pair of scissors, is, in its various forms, adaptable to composite timber and 
steel-rod construction. 



Fig. 12. Howe Truss for Deck Roofs 


& 

i'ffc 




Fig. 13. Simple Scissors Truss. Spans up to Thirty Feet 


Fig. 14. Scissors Truss. Spans Exceeding Thirty Feet 


The scissors truss is generally employed in open timber roof-construction 
or where raised ceilings are desired over halls and auditoriums. The types of 
scissors trusses illustrated in Figs. 13 and 14 are the most frequently used. 
Figs. 15 and 16 illustrate forms of modified scissors trusses and both are stat- 
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ically indeterminate, since, by Equation (1), each has one redundant member. 
The elastic deformation of the scissors truss results in a considerable hori¬ 



zontal thrust at the points of support, as shown in Chapter XXV. The 
amount of horizontal thrust can be reduced through the use of excess area 
*q the members, especially the upper and lower chords, which in reality 


V. 



amounts to the adoption of a decreased value of the working unit stresses 
used in design. 

Fig. 17 illustrates a cambered fan type of truss, which is somewhat similar 
in appearance to the scissors type and may be used for roofs of moderate slope. 




Fig. 17. Modified Scissors Truss. For Medium Pitch 


5. Lattice Trusses of Wood 

Lattice trusses are those which have multiple systems of web bracing and 
may have either parallel chords or curved upper chords. Such trusses are 
statically indeterminate, since the distribution of stress to the various sys¬ 
tems of web-members is complicated by the fact that any assumed distribu¬ 



tion of load on any one system will affect, to some extent, the distribution of 
stress in all other systems. Moreover, the web-members are usually fastened 
at their points of intersection and independent action of any one system is 
impossible. For usual span lengths it is customary and satisfactory to 
analyze a lattice truss, of the types shown in Figs. 18, 19 and 20, as beams. 
The moments and shears are calculated at various points throughout the 
span; the chord stresses are then determined by assuming the entire resist¬ 
ance to moment to be offered by the chord sections, or Sc M/h, where S c 







Art. 6] 


Lattice Trusses of Wood 


1265 


is the total stress in each chord at the section, where M ■■ the bending 
moment, and h ■» the depth of the truss, center to center of chords. The 
stress in the web-members is obtained by assuming the shear to be equally 
divided among the web-members cut by a vertical plane. Any web-member, 
sloping in such a manner that the axial internal force equilibrating the shear 



Table I. Dimensions for Lattice Trusses Uniformly Loaded* 
Timber—Norway Pine, Douglas Fir or Yellow Pine 

Dead Load-* IS lb per sq ft of Horizontal Projection 
Live Load *» 30 lb per sq ft of Horizontal Projection 
Ceiling Load«- 10 lb per sq ft of Horizontal Projection 
Trusses as shown in Fig 18 


No. and I No. and 
size of I size of Sil# of 

P ” ot brace* 
top 
chord 


4 2X8 
12 4 2X 6 4 2X 8 

16 4 2X 8 4 2X 8 

12 4 2X 8 4 2X 8 

16 4 2X 8 4 2X 8 

12 4 2X 8 3 2X 8 

16 4 2X 8 4 2X 8 

12 4 2X 8 4 2X 8 

4 2X 8 4 2X10 

4 2X 8 4 2X8 

4 2X10 4 2X10 
14 2X10 4 2X10 

4 2X10 4 2X10 

4 2X10 4 2X10 
4 2X10 4 2X10 

4 2X10 4 2X10 

4 2X10 4 2X12 
4 2X10 4 2X10 
4 2X10 4 2X12 
4 2X10 4 2X10 
4 2X12 4 2X12 

4 2X12 4 2X12 

4 2X12 4 2X12 

4 2X12 4 2X12 
4 2X14 4 2X14 
4 2X12 4 2X12 
4 2X14 4 2X14 
4 2X12 4 2X14 


Note. All joints should be thoroughly spiked and packing blocks used where necessary* 
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assigned to that member necessitates a thrust against the cut section, is a 
compression web-member. When the equilibrating force is directed away 
from the cut section of a web-member, that member is a tension web- 
member. 

The parallel chord type of lattice truss, Fig. 18, was invented by Ithiel 
Towne in 1820. Each chord member is made up of four pieces arranged in 
pairs on each side of the web. The lower chord pieces should be as long as 
can conveniently be obtained and arranged so that no two splices occur at 
the same point. 

Each member of the web-system consists of a single piece, inclined at an 
angle of about 45°. There should be at least three bolts at each web and chord 
connection, and this number must be increased at the joints near each sup¬ 
port where the larger shears assigned to the web-members exist. All web- 
members are spiked or bolted at their intersections. Since one-half of the 
web-members are in tension, these members should project beyond the 
bolted connection a sufficient distance to provide the necessary longitudinal 


Atthaltfo'Panal Point 
Mssafflwd from End* of 'lyplaal Blocking 
True then ihnllt* » Bridging Jolti A 
j Total of 18 < 10d Naflc Shnakklng by C“ 

In F&M 5 6 of TbpCkord 1_ 
fromlEad tbara AaU b* 60 

aitjr 
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U«-2"b j iov 

j 3^”Boiu 

idol True forTlnt 8 r 0 ,r iroa On LovcT3bordi~8twtiag'at iTPaijnflV’from • Section 

41 bo 80 Port/ Pag/ NftD*To* of True thoro (ball be 18 V'Bolta and 108 thru Chord 
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for l 00 ' 0 "Span 


Fig. 19. Wooden Lattice Truss with Curved Chord. McKeown Bros. Co., Chicago 


shearing-area. In general, all web-members should project beyond the 
chord members about four inches, as shown in Fig. 18. The complete dimen¬ 
sions for parallel chord, lattice trusses, of Western Douglas fir or Southern 
yellow pine, of spans from 40 ft to 80 ft and loaded uniformly as noted, are 
given in Table I. 

Wooden Lattice Trusses with Curved Chords. The curved-chord types 
of wooden lattice trusses illustrated in Figs. 19 and 20 are patented, the former 
by the McKeown Bros. Co. of Chicago, and the latter by the Double Strength 
Truss Co. of Chicago. 

Curved-chord lattice trusses have been used extensively in the construc¬ 
tion of armories, assembly-halls, car shops, coliseums, dance-halls, factories, 
foundries, garages, gymnasiums, hangars, riding academies, skating-rinks, etc. 

The curve of the upper chord approximates a parabola, thus providing 
approximately uniform chord stress under uniform loads. The curved upper 
chord acts somewhat as an arch, and the lower chord as a tie, and under 
uniform load, therefore, the stresses in the web-members are relatively small. 

The web-members are rigidly connected at each intersection in order to 
provide lateral stiffness against the buckling tendency of the compression 
web-members. It is obvious that the buckling tendency of the compression 
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Fig. 20. Wooden Lattice Truss with Curved Chord. Double Strength Truss Co., 

Chicago 


members can be largely reduced by rigid connections to the tension members 
which it crosses, thereby promoting increased stiffness throughout the entire 


structure. 

6. Ornamental Tim¬ 
ber Roof-Trusses 

The open timber roof, 
architecturally treated, is 
almost exclusively an Eng¬ 
lish feature. The roofs of 
the basilican churches of 
Italy which were framed 
with timber were of simple 
construction and the only 
decoration was paint. The 
great oak forests of medie- 



Fig. 21. Tie-beam Roof Construction. 


val England and the expertness of the early English wood-worker probably 
account for the unsurpassed excellence of the English open timber roof. 



Fig. 22. Braced-rafter Type of Roof Construction 
structiou consists of the simple triangular frame 


In these roofs all the 
timber framing is visible 
from wall to ridge and in 
most cases all timbers are 
carved or molded and were 
originally richly painted 
and gilded. 

Medieval open timber 
roofs may be classified as 
follows: 

(1) Tie-Beam Roof 

(2) Braced-Rafter 
Roof 

(3) Arch-Braced Roof 

(4) Hammer-beam 
Truss 

Tie-Beam roof-con- 
composed of two rafters 
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and a horizontal cross-beam joining their lower ends. The tie-beams are 
seldom straight, but made with a slight rise at the center, and the space 

between the tie-beam and 



rafters was frequently filled 
with pierced or carved pan¬ 
eling, as illustrated in Fig. 
21 . 

Braced-Rafter type of 
open timber roof-construc¬ 
tion consists of various 
forms of intermediate sup¬ 
port for the rafter member 
of the frame. The con¬ 
struction illustrated in Fig. 
21 might be classified as 
braced rafter; however, the 
term is more commonly used 


Fig. 23. Queen-post Truss 


to designate an incomplete 
frame such as shown in Fig. 


22. The type of framing illustrated in Fig. 23, and a modern adaptation of 
the same, shown in Fig. 24, is called by early writers the queen-post 
truss. The frame is not a truss, but a braccd-rafter type of frame in 
which the tie-beam serves as a support for the vertical braces. 



Fig. 24. Queen-post Truss. Massachusetts Charitable Mechanics" Association Build* 
ing, Boston, Mass. 

The tie-beam in frames of the type shown in Fig. 23 is subjected to unde¬ 
sirable deflections due to the intermediate supports of the rafter members. 
Two distinct methods were employed to obviate this unsightly depression. 
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Fig. 25. Arch-braced Roof Construction 


One method was to camber the tie-beam, as in Fig. 21, and the other was to 


replace the tie-beam by a collar-beam 
and some system of bracing such as 
shown in Fig. 22. The second method 
is known as arch-braced construc¬ 
tion. 

Arch-Braced Roofs. In this type 
of construction the tie-beam is omitted 
and an arch-brace placed in the angle 
formed by the rafter and collar-beam, 
as in Fig 25, or both the tie and collar- 
beams are omitted and a continuous 
arch rib is placed beneath the rafters 
from wall to peak, as in Fig. 26. The 
arch rib is securely fastened to a verti¬ 
cal member at, and built into, the wall, 
known as the wall-post. The rafter 
thrust, where the collar-beam was 
omitted, is resisted by a height of wall 
equal to the height of the wall-post, as 
illustrated in Fig. 26. 

Hammer-Beam Roofs. Arch-braced 
roofs are often assumed to be a modi¬ 
fication of the hammer-beam type of 
roof-construction. Chronologically this 
is not the case, since arch-braced roofs 



Fig. 26. Arch-braced roof over nave of 
Briton Church, Norfolk, Eng.* 


were used as early as 1320, while the first hammer-beam roof of record is that 


• From Brandon. 
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of Westminster Hall, completed in 1399. Early hammer-beam roofs were 
similar in general appearance to, and their action under load was probably 
not unlike that of, the arch-braced roof. The only structural difference be¬ 
tween the arch-braced roof and the early hammer-beam types, such as illus¬ 
trated in Figs. 27 and 28, is the framing at the supports. In the former, the 
sole-piece does not project beyond the inner face of the wall, while in the 



Fig. 27. Early English Type of Hammer-beam Construction 


latter it is elongated, may have a considerable projection and is called the 
hammer-beam. This distinguishing member is noted at E in Figs. 27 and 
28. 

A modern adaptation of the arch-braced hammer-beam type of construc¬ 
tion is shown in Fig. 29. The hammer-beam truss, Figs. 30 and 31, is a mod¬ 
ern development of the early English arch-braced hammer-beam type. 
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Ornamental Scissors Trusses. In many examples of modem open timber 
roof-construction various forms of architecturally treated scissors trusses 
have been employed instead of the more expensive forms just described. 



Fig. 28. Early English Typo of Hammer- Fig. 20. Modern Adaptation of 
beam Construction Hammer-beam Roof Construction 


Structurally there is as much merit in the scissors type of truss as in any of 
the earlier types of framing employed in open timber roof-construction. 
Somewhat the same spirit of loftiness, characteristic of the earlier types, is 
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Fig. 30. Modern Adaptation of Hammer-beam Roof-construction 
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obtained through the use of the scissors truss, and when properly designed, 
with members amply large to provide for relatively low working unit stresses, 
wooden scissors trusses are satisfactory for roofs over halls and churches up 
to spans of 40 to 4S ft. A simple form of the scissors truss used in open 



timber roof-construction is shown in Fig. 32, wherein the inclined members 
give a pleasing arched effect. 

When the span is more than 48 ft and an open timber roof of the scissors 
type is desired, the structural truss may be constructed of steel, covered or 
boxed with wooden paneling. The result is not a truthful expression and the 
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general effect is usually poor as compared with actual timber-construction. 
An example of a boxed steel truss of the scissors type is illustrated in Fig. 3& 



Fig. 34. Truss for Emmanuel Church, Shelburne Falls, Mass. 


Miscellaneous Types of Ornamental Trusses. Many variations, combina¬ 
tions and hybridizations of the various forms of timber roof-construction 
have been fabricated in modern work. 

The laminated, semi-hammer-beam truss, Fig. 34, from Emmanuel 
Church, Shelburne Falls, Mass., 

Van Brunt and Howe, Archi¬ 
tects, is an interesting architec¬ 
tural adaptation of an inde¬ 
terminate timber frame which 
depends for its strength upon 
the rigidity of the joints. A 
frame of this type should be 
constructed of well-seasoned 
timber, and the connection 
bolts should be drawn up from 
time to time after the building 
has been put into service. The 
arched-braced hammer-beam 
with a tic-rod used to eliminate 

excessively heavy wall con- „ . _ 

struction is shown in Fig. 35. F «- 33 • Hammer-be^n Truss for Grace Chapel. 

A . . - New \ork City 

A similar construction, span¬ 
ning about 54 ft, in which the wooden arch rib is ornamented with sawed 
scroll work, Fig. 36, was used in the Metropolitan Concert Hail, New York 
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City, Mr. George B. Post, Architect In both of the above examples the 
tie-rods are prevented from sagging by a vertical rod suspended from the 
crown of the arch. 

A simple form of the Fink truss, in which the timbers are chamfered to 



Fig. 36. Truss for Metropolitan Concert Hall, New York City 

give a more pleasing finish, is shown in Fig. 37. The general effect obtained 
is similar to that obtained by the use of the simple scissors truss, Fig. 32. 



-32 Spaa. KAptet 


Fig. 37. Simple Fink Truss with Raised Lower Chord 


7. Arched Roofs of Timber-Construction 

Difference between the Arch and the Truss. An arch is a structure 
employed to support a system of loads over a given span, usually supported 
at its extremities by pins, which are known as hinges, and has inclined reac¬ 
tions for both vertical and inclined loading. 
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The lower chords of arches are generally cambered to follow the arch 
form; however, a simple truss becomes an arch if its extremities are re¬ 
strained against horizontal movement. The distinguishing structural char* 
acteristic between an arch and a truss is the manner of support In an arch 
the length of the structure between supports is always constant or practically 
so, while in a truss the elon¬ 
gation of the tension chord, 
due to stress or a rise in 
temperature, increases the 
distance between the points 
of support. 

It is evident that the 
restrained tendency of an 
arch to spread produces 
horizontal thrusts at the 
supports, necessitating hori¬ 
zontal reactions, which may 
be supplied either by a rigid 
abutment, or by a tie-mem¬ 
ber connecting the two sup¬ 
ports, thus relieving them 
of the duty of supplying 
the necessary horizontal re¬ 
sistance. 

Classification of Arches 

Arches used in rooi-con- 
struction may be classified 
as follows: 

(1) Arched Trusses, or a 

simple truss having an 
arched form, as in Fig. 

38 (a). The structure is 
not an arch since one end is 
free to adjust itself to hori¬ 
zontal displacements. 

(2) Two-Hinged Arches. 

When the arched structure 
is supported and restrained 
horizontally as shown at (6), 

Fig. 38, it is known as a 
TWO-HINGED ARCH. The 
vertical reactions are the 
same as for an arched truss 
having the same span and 
loading and can be deter¬ 
mined by simple statics. 

The horizontal reactions, indicated in this case as tie-rod stress, depend upon 
the deformation of the framework and cannot be determined by the principles 
of statics alone. 




(3) Three-Hinged Arches. When a third hinge is provided at the crown 
of the arch, as shown at (c), Fig. 38, the structure is known as a three- 
hinged arch. The vertical reactions are the same as for a simple arched 
truss and since the structure may be considered as two simple trusses with 
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one common and interdependent support (the intermediate hinge), the hori¬ 
zontal reactions may be determined by the principles of statics. The three- 
hinged arch is, therefore, the only type of arch which is statically determinate. 
Arches may also be constructed without hinges, being fixed rigidly to the 
abutments and continuous throughout the span; such arches are seldom used 
in building-construction. 

Arches are also classified according to the manner of framing. When the 
structure consists of a trussed framework as in (b) or (c), Fig. 38, it is called 
a braced arch. When the arch consists of a curved beam with solid web 



Fig. 39. Two-hinged Timber Arch 


and flanges the structure is known as a ribbed arch. The latter type is 
seldom used in building-construction. 

Examples of Arched Timber Roofs. The various forms of open timber 
roof-construction, where the horizontal tie-beam member is omitted, are the 
best examples of timber arched truss forms. 

The two-hinged timber arch shown in Fig. 39 consists of a multiple-web 
braced timber arch, the thrust of which is resisted by a steel tie-rod member 
placed beneath the floor. 

The objectionable feature in this particular structure is the use of a multiple 
web-system with the consequent uncertainty of stress distribution as deter- 











&K"*Fmer 



Fig. 40. All members of the arch are wood; the tension members, however, 
are reinforced with steel rods, and all joints throughout arc bolted connections 
with steel gusset-plates. 

The thrust of the arch is taken by a tie member composed of four parallel 
lines of %4> rods, hooked together in 15-ft lengths, and the whole assemblage 
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embedded in a concrete-filled trench beneath the floor. At mid-span the 
rods pass through a pair of angles and are there fitted with nuts to permit 
tightening up before being concreted in. The arches, including all hardware, 
weigh about 6 lb per sq ft of horizontal projection. 

The design loads were as follows: 


Dead load. 16.5 lb per sq ft 

Snow-load. 25.0 lb per sq ft 

Wind-load (equivalent vertical). 10.0 lb per sq ft 


The arches were used in the roof construction of a Salt Lake City garage.* 
Lamella Roof Construction A recent solution for the problem of span- 
ting large floor-areas, where it is undesirable to use columns, is found in the 




Fig. 42. Lamella Joints 

Lamella roof. This type of roof-construction was developed in Germany 
in 1923 and has, within the past few years, been extensively used in this 
country. 

The construction is essentially a wooden arch, either two- or three-hinged, 
the horizontal thrust of which is taken by buttresses, Fig. 41 (a), or by tie- 
rods, Fig. 41 (b) t depending upon the type and arrangement of supports. 
The arch is made of short timbers, called lamellas, which are bolted together 
as shown in Fig. 42, to form a network of diamond-shaped panels, Fig. 43 ( a ). 

• Eng. News-Record, Vol. 80, page 595. 
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The lamellas are curved on one side and beveled on both ends, as shown in 
Fig. 43 ( b ), and for a given roof they are all the same size. 

A notable example of lamella roof construction is the Convention Hall at 
Houston, Texas, built 
to house the Demo¬ 
cratic National Con¬ 
vention in 1928.* This 
structure consists of 
three bays roofed with 
lamella arches. The 
central bay has a span 
of 120 ft and a rise at 
the crown of 58 ft 4 in 
above the floor. Each 
side bay has a span of 
75 ft 8 in and a rise 
at the crown of 41 ft 
10 in. 

There were 2 000 
lamellas 3 in X 14 in 
and 12 ft long required 
for the central bay and 
1 864 lamellas 2 in X 
10 in and 9 ft long re¬ 
quired for each side 
bay. 

Another notable cx- 



Fig. 43. 


Lamella Unit 

(b) 

Details of Lamella Roof Construction 


ample of lamella construction is the arena of the National Exhibition Com¬ 
pany of St. Louis, Mo.,f described in Article 13. 


8. Types of Steel Roof-Trusses 

General Considerations. With the exception of a few types, such as the 
hammer-beam and its various modifications, all forms of roof-trusses may be 
readily and economically constructed of standard structural-steel shapes. 
Steel roof-trusses may be supported directly on masonry walls in wall-bearing 
construction, or they may be supported by steel columns in steel-frame 
construction. 

Standard structural-steel angles are the most practical and economical 
sections, both for chord and web-members of steel roof-trusses of usual spans 
and loading. For long-span construction roof-truss members may be com¬ 
posed of rolled-beam sections or built-up sections of various types. 

Joints in steel roof-truss framing are generally riveted connections, although 
within the past few years great progress has been made in the use of welded 
joints for steel-frame structures. Arc-welded curved-chord trusses of rela¬ 
tively light construction have been successfully fabricated up to span lengths 
of 80 ft, and when welding becomes less dependent upon skilled labor, when 
values can be predetermined for the safe working allowance of the various 
types of welding, when inspection methods are perfected, and economical 
procedure established, welding may replace riveting, to a large extent, in 
ordinary steel-frame roof-construction. 

• Eng. News-Record, Vol. 100, page 815. 
t Eng. News-Record, Vol. 104, page 935. 
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9. Special Forms of Steel Roof-Trusses 

In addition to the more or less standard types of roof-trusses illustrated 
in Figs. 1 and 2, steel roof-trusses may assume almost an endless variety of 
forms to comply with esthetic or utilitarian requirements of the structure. 

The division of a given span and general outline of roof-construction into 
panel lengths depends largely upon the type of roof-covering and method of 
roof-construction to be employed. If purlin and rafter construction is to be 
employed the panel length may be as great as 12 ft; if sheathing is to be 
placed directly on the purlins, panel lengths of 6 ft to 8 ft are required. 

The truss shown in Fig. 44 was designed for a roof-construction composed 
of 2 X 8 in rafters supported by steel purlins placed at points A, B, C, D , E, 
and F. The roof covering is slate laid over slaters felt on 1-in matched 
sheathing. There are no loads at the panel-points of the lower chord, except¬ 
ing the gallery load at X, and this joint is located with reference to the posi¬ 
tion of the gallery support, otherwise the slope AC might have been more 
economically divided into equal lengths. 

In order to relieve the feeling of depression and the optical illusion of sag- 


F 



ging resulting from a horizontal lower chord, this member was raised, or 
cambered, as shown. 

The members CD, DE and EF are not structurally a part of the truss proper, 
but serve merely as a framework to elevate the central portion of the roof in 
order to provide a series of glazed panels in the rise CD, for the purpose of 
central light and ventilation. 

The truss shown in Fig. 44 is similar in outline and function to the truss of 
the same span illustrated in Fig. 45. In the latter truss, the type of roof, 
construction necessitated a smaller panel length and the Howe type of brae 
ing was adopted for the arrangement of the web-members. 

The Fink type of web-system, illustrated in Fig. 46, might have been used 
with equal economy. The reactions of the trusses in both Fig. 45 and Fig. 46 
are delivered to the tops of the supporting columns at points A and C. The 
members AD and CE are the end-panel members of the lower chords. The 
continuations of DE to meet the columns at some distance below D and E , 
respectively, serve merely as stiffening braces for the connection joints of the 
truss to the columns. 
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In each of these trusses the framework, above chords AB and BC, which 
carries fixed or movable sash or louvers for the purpose of ventilation and 
light, is known as a monitor. 

Quadrangular trusses of the general types illustrated in Figs. 45 and 46 



Fig. 45. Quadrangular Truss. Span Eighty Feet 


may be used for spans up to 200 ft or more when the horizontal displacement 
due to the deflection of the truss under load and due to temperature change 
is properly provided for. Spans greater than 80 to 100 ft, supported on steel 
columns, should have an expansion bearing at one support which will permit 



Fig. 46. Quadrangular Truss. Span One Hundred Feet 


of a lateral movement of at least in for every 10 ft of span, or each bent, 
composed of a truss and its supporting columns, should be designed as a 
rigid unit. 
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10. Long-Span Roof-Truss Construction 

Long-span Roof-Construction is a relative term; however, in general prac¬ 
tice it is applied to truss spans greater than 120 ft. 



Fig. 47. Arched Truss for Sullivan Square Station, Elevated Railway, Boston, Mass. 


Long-span roof-truss construction may be conveniently divided into three 
general classes: 

(1) Arched Trusses with horizontal ties. 

(2) Simple Trusses with one end free horizontally. 

(3) Rigid unit bent construction. 

(1) Arched Trusses with Horizontal Ties have been used rather extensively 

in the past. This type of construction, 
an example of which is shown in Fig. 
47, consists of an arched truss with a 
horizontal tension member connecting 
the end supports. The structure as a 
whole, including the horizontal mem¬ 
ber, may be considered as a simple 
truss. It should be observed, however, 
that in the construction illustrated the 
ends of the span arc not free to move 
horizontally and that the resistance to 
horizontal displacement of the arched 
portion is taken partially by the tie- 
Fig. 47a. Detail at A, Fig 47 member and partially by the support¬ 
ing column, the amounts of each de¬ 
pending upon the relation between the elongation of the tie-member and the 
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stiffness of the column. In reality this type of construction probably more 
nearly approaches a two-hinged arch with a tie-rod than it does a simple 
truss. Because of its indeterminate nature involving rather complex analysis 
on the one hand or purely arbitrary assumptions on the other, this type of 
construction has been largely replaced in present-day practice by one of the 
other two methods mentioned above. 



Fig. 48. Details of Pendulum Hanger for Long Spans * 

* From E. N.-R., Vol. 103, page 801. 

(2) Simple Trusses with One End Free Horizontally. When a simple 
truss is subjected to its load, the lower chord, being in tension, will elongate 
and the truss span will deflect downward. Both of these actions will com¬ 
bine to produce an increase in the length of the truss between points of sup¬ 
port. 
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If the truss is supported on masonry walls, or piers, one end may be placed 
on an expansion bearing of the roller, rocker, or sliding-plate type. 
When the trusses are supported by steel columns an expansion bearing such 
as used for a masonry support is not practical and some type of an expansion 
link detail must be employed. 

The roof-trusses for the Industrial Mutual Association Auditorium at 
Flint, Michigan,* Fig. 48, provide an excellent example of long-span con¬ 
struction wherein the expansion link or pendulum detail is employed. 

The truss span is approximately 202 ft, with panel lengths of about 25 ft. 
The upper and lower chords are composed of 14-in H-sections, with their 
flanges in the plane of the truss. The principal web-members are 14-in 
I-beam sections connected to the chord members by gusset-plates on both 
flanges. 

The horizontal displacement due tc deformation and the variation in the 
length due to temperature changes were both considered in the design of the 
movable end detail. 

This detail as illustrated consists of pin-connected plate-hangers about 



Fig. 49. Rigid Frame Construction f 
f From E. N.-R., Vol. 103, page 610. 

12 ft in length. The supporting columns were built-up box sections, and the 
two hanger-plates, each 13 in X 1/4 were suspended inside the column 
from a 6-in pin, the inside cover-plate of the column being replaced near the 
top by batten-plates as shown. The hanger-plates are connected to the lower 
chord of the truss by a 5-in pin. The detail is designed to permit a free move¬ 
ment of 4 in, which was the maximum total horizontal movement estimated 
for a combination of maximum conditions. 

(3) Rigid Unit Bent Construction. The roof-construction of the Chicago 
Stadium, % Fig. 49, provides a striking example of that type of framing in 
which each truss and its supporting columns are designed as a rigid unit 
frame. This method of construction was adopted rather than the two-or 
three-hinged arch in order to avoid the deep arch sections which would have 
interfered with sight lines. 

The trusses are 28 ft deep at the center and 15 ft deep at their ends, with a 

* Eng. News-Record, Vol. 103, page 801. 

t Engineering and Contracting, Vol. 68, p. 147. 

| Eng. News-Record, Vol. 103, p. 610. 
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bottom chord rise of 21 ft 6 in. The chord members are built-up box-type 
sections composed of plates and angles, the typical bottom chord having 2 
plates 22 in X % in and 4 angles 4 in X 4 in x % in; the typical top chord 
is made up of two plates 22 in X H in, 2 angles 4 in X 4 in X H in, 2 angles 
6 in X 4 in X % in, and one cover-plate 26 in X ^ in. The web-members 
are all 12-in H-sections. The roof design-load used was 67 lb per sq ft, pro¬ 
portioned as follows: 


Live load.25 lb per sq ft 

Dead load, Trusses and Bracing. 29 lb per sq ft 

Purlins . 3 lb per sq ft 

Roof-deck. 5 lb per sq ft 

Ceiling. 5 lb per sq ft 


67 lb per sq ft 

In addition to these loads two of the central trusses support an exception¬ 
al^ large theater organ and its equipment, while four other trusses support 
the main portion of the ventilating equipment. 

11. Trussed Arch Roof-Construction 

Types of Arches. There are two types of steel arches in general use for 
long-span roof-construction, classified with respect to the number of hinges 
as (1) TIIREE-HINGED ARCHEa, (2) TWO-HINGED ARCHES, as described in 

Article 7. 

The three-hinged arch has been more widely used because it is the only 
type of true arch in which the stresses are statically determinate. Two- 
hinged arches arc rigid and economical and the rather limited use of this 
type of framing in roof-construction has been largely due to the difficulties 
encountered in analysis and design, which involves the theory of elastic 
deformations. 

The arch ribs are usually built of angles, plates and angles, or channels, 
with riveted connections, forming an open framework. Solid web arch ribs 
are not common in roof-construction; however, a good example of solid web 
rib construction is that of the Central Armory, Cleveland, Ohio, illustrated 
in Engineering Record, Vol. 35, page 76. 

Advantages and Disadvantages of Arched Roofs. For a roof of very 
long span, such as used for armories, train-sheds, assembly and exhibition 
halls, large garages, hangars, etc., an arch both with respect to form and 
method of construction provides an economical structure of pleasing appear¬ 
ance. A large part of the economy results from the omission of wall col¬ 
umns, which are replaced by the haunches of the arch. Another advantage 
lies in the fact that the stresses due to elastic displacements under load and 
to temperature change may be provided for by a comparatively simple expan¬ 
sion bearing detail. The base of the arch being usually near the ground or 
rigid foundation, the arch structure is an excellent type of framing for resist¬ 
ing to wind-loads. 

The one serious objection to the use of the arch as ordinarily designed is 
the diminution of the clear floor-space at each cross-section of framing, due 
to the width of the arch haunch. These projecting end portions of the arch 
also interfere with the continuity of balconies along the side-walls and obstruct 
the view of spectators who might be seated along the side-walls between 
arches. This objection may be overcome by supporting the arch at the 
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desired elevation on cantilever arms, as illustrated in Fig. 62, or by a framed 
abutment where the working space will permit, as illustrated in Fig. 56. In 
the latter example the vertical and inclined struts are designed to provide 
the necessary vertical and horizontal reactions for the end-pins. 

Two Three-Hinged Arches Used in Exposition Buildings, Chicago World’s 
Fair (1893). The roof-construction of the Manufactures and Liberal Arts 
Building, illustrated in Fig. 50, consisted of three-hinged arches 368 ft center 



Fig. 50. Three-hinged Arch, Manufactures and Liberal Arts Building, Chicago 
Exposition 

to center of end-pins and with a vertical dimension of 200 ft between the cen¬ 
ters of the end-pins and the crown-pin.* The roof of the Machinery Hall 
was also supported by three-hinged arch construction as shown in Fig. 51. 
The general form of the arch was a stilted semicircle so designed to minimize 
the horizontal thrust due to dead load.f 


• Eng. Record, Vol. 26, page 299. 
f Eng. Record, Vol. 27, page 77. 
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Roof-Construction for Drill Hall, Brooklyn, N. Y. The Engineering 

Record of December 23, 1899, describes the roof-construction illustrated in 
Fig. 52. The arch ribs are constructed with a double system of web-bracing, 
which is somewhat objectionable in view of the assumptions of stress distribu¬ 
tion thereby necessitated. 
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Fig 53. Three-hinged Arch, University of Illinois Armory • 

From Engineering and Contracting, Vol. 40, p. 160, given also in 
E. N.-R , Vol. 70, page 1182. 



Fig. 54. Detail of Haunch, University of Illinois Armory 
• From Engineering and Contracting, Vol. 40, p, 161 
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simplicity of fabrication and the additional stiffness supplied led to the adop¬ 
tion of the uniform section. The arches rest on masonry piers, and the hori¬ 
zontal thrust is resisted by eye-bar ties connecting the end-pins. The tie- 
bars are encased in a concrete covering below the drill floor and the ends of 
the arches are also encased in concrete coverings so designed as to provide 
for lateral expansion and contraction. 

Exposition Coliseum, Springfield, Mass. The coliseum erected at Spring- 
field, Mass., for the Eastern States Agricultural and Industrial Exposition 
(Eng. Record, Vol. 74, page 442) provided an unobstructed floor area of about 
200 ft X 305 ft. The roof was supported by ten three-hinged arches as illus¬ 
trated in Fig. 55. These arches were designed as three-hinged arches, with 
the usual pin-ends, but instead of a pin detail at the crown an abutting joint 
was employed composed of bearing-plates with faced surfaces at the top chord 
joint, and an expansion detail with bolts and slotted holes was provided at 
the bottom chord joint. This crown joint detail is shown in Fig. 55. The 
arches were constructed without tie-rods, the end bearings being supported 
by concrete piers with inclined upper surfaces perpendicular to the thrust of 
the arch, designed to offer full resistance to the horizontal component of the 
end reactions. 

Passenger Station, Rochester, N. Y. The general design of the three- 
hinged arch roof-con¬ 
struction for the pas¬ 
senger station of the 
N. Y. C. and H. R. 

Railroad at Rochester, 

N. Y., is illustrated in 
Fig. 56. In order to 
eliminate the projec¬ 
tions of the arch ribs 
at the mezzanine floor 
the end-pi ns were sup¬ 
ported 10 ft above 
this floor, or 21 ft 4 in 
above the waiting- 
room floor, by a struc¬ 
tural frame composed 
of vertical and inclined 
posts. The supporting 
frames were erected, 
bolted to their foot¬ 
ings, and braced in 
pairs by horizontal and 
diagonal bracing, prior 
to the erection of the 
arches. Fig. 56. Three-hinged Arch, Passenger Station, 

A similar method Rochester, N. Y.* 

was employed in the * From E< R § Vol 68> p# 666 

design of the roof-con¬ 
struction for the Government hangar at Scott Field, Illinois (Eng. News, 
Vol. 90, page 234), where the end-pins were supported approximately 48 ft 
above the hangar floor. 
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12. Two-Hinged Arch Roof-Construction 

Advantages of Two-Hinged Type of Roof Arch. Although the three- 
hinged type of arch has been most commonly used for long-span arched roof- 
construction, a properly designed two-hinged arch is more economical and 
has certain other advantages. The two-hinged type of roof arch provides a 
more rigid system of framing than the three-hinged arch, and where the arch 
is employed to support floor-construction above as well as to span floor-space 
below, rigidity of construction is an important consideration. Two-hinged 
arches require rigid supports; however, the horizontal components of the 



Fig. 57. Two-hinged Arch, Exposition Hall, Providence, R. I. 


reactions on the supporting pins can be taken by tie-rods as in the three- 
hinged arch. 

Where tie-rods are used, one end of the arch is anchored to one abutment 
and the other end is placed on an expansion detail such as sliding-plates or 
rollers. The abutments can, therefore, be designed for the vertical com¬ 
ponents, and the tie-rod for the horizontal components, of the reactions. 

Braced arches without definite hinge details at the supports, as usually 
constructed, are essentially two-hinged arches and should be analyzed as such. 

Providence Exposition Hall.* This structure, 118 ft in width and 19$ ft 
in length, has an arched roof supported by 7 main trusses, as illustrated in 
Fig. 57. The span center to center of end-bearings is 115 ft 0 in and the 
height from the floor-line to the mid-point at the center of the arch is 64 ft 6 in. 

• Architects’ and Builders’ Magazine, Vol. 3, page 9. 
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The arch has a flat bearing at each end, the two ends being connected by a 
tie-rod with a turnbuckle adjustment, and one end being provided with an 
expansion detail. The total weight of steel, per square foot of horizontal 
projection, including arches, purlins, details, bracing, and tie-rods, is 11.5 lb. 

Chicago lave Stock Pavilion. The roof of the amphitheater of the exhi¬ 
bition pavilion at the Chicago Union Stock Yards is supported by two- 
hinged arches, spanning 198 ft 0 in center to center of end-pins. 

A line drawing of the arch, as illustrated in Engineering News, Vol. 55, page 
716, is shown in Fig. 58. 

The arches are 42 to 0 in on centers and the design loading was as follows: 

(1) Dead load * - 25 lb per sq ft of horizontal projection 

(2) Wind-load - 30 lb per sq ft of vertical projection 

(3) Snow-load — 10 lb per sq ft of horizontal projection 

(4) Arch 9.5 lb per sq ft of horizontal projection 



The chord members are composed of two 12-in channels of varying weights, 
reinforced by 12-in side-plates, where necessary, and connected by lacing bars 
over the flanges. The web-members are ail composed of four angles, either 
connected by lacing or plates. The tie-rods for the main arches consist of 
two 2% 6 -in </>, designed to take the maximum thrust of 112 000 lb. The 
top and bottom chords break joints on alternate panel-points and at the 
breaks along the lower chord; longitudinal trusses of a depth equal to the 
depth of the arch are framed between arches. 

Top lateral bracing occurs in all panels of the top chord and the lower 
flanges of the roof-rafters. Bottom-chord bracing occurs in all panels of the 
end bays and in all intermediate panels where the bottom chord is in com¬ 
pression as a result of arch action. 

13. Cantilever Roof Construction 

Cantilever root construction may be divided into three general classes: 

(1) One anchor span and one cantilever span 

(2) Two anchor spans, two cantilever spans, and a simple span 

(3) A single cantilever span anchored against rotation at its support, as in 
sidewalk canopies and similar structures. 

* Superimposed. 
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Fig. 59. Cantilever Roof Construction 
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The first type, illustrated in Fig. 59a, is limited, in general, to shelters for 
grandstands built for out-of-door events, such as ball-games, track-meets, 
racing events, and pageants. 

The second type, Fig. 59b, may be employed in buildings where the 
interior is to be divided into a wide central aisle, unobstructed by columns, 
and flanked on each side by arcades. The central simple truss span is sup¬ 
ported at the free ends of the cantilever arms, c, which are extensions of the 
anchor arms, o. The outside columns are subject to negative reactions from 
loads on the central span and the cantilever arms, and if the total resultant 
reactions are negative, due provision must be made for anchorage. 

Advantages and Disadvantages of Cantilever Roof Construction. The 
advantages or points of merit possessed by the type of cantilever construc¬ 
tion shown in Fig. 59b are: (1) greater clear height in the center than is 
obtainable by any other type of framing excepting the arch; (2) the con¬ 
struction presents a light and graceful appearance; (3) there is no horizontal 
thrust, and consequently no tie-rods are necessary; (4) on long spans the 
entire structure can be assembled in place, piece by piece, without falsework. 

The relative economy of two- and three-hinged arches as compared to can¬ 
tilever construction has never been thoroughly investigated. The arch type 



Fig. 60. Cantilever Truss, Grandstand, Monmouth Park, N. J. 


of construction is probably more economical for spans greater than 120 ft. 
The choice of type, however, is more apt to be determined by architectural 
requirements than by relative economy, since the cantilever type of construc¬ 
tion requires suitable anchor spans and intermediate columns or very heavy 
brackets, which are often undesirable if not impossible. 

Grandstand, Monmouth Park, N. J An example of type (a) Fig. 59, is 
illustrated in Fig. 60, which shows the cantilever roof truss construction for 
the grandstand at Monmouth Park, N. J.* The forward supporting column, 
as is usually the practice in this type of cantilever construction, is continuous 
through to the top chord of the truss, and acts as a vertical compression 
member of the truss system as well as a supporting member of the frame. 
The upper and lower chords are composed of two angles and a plate forming a 
T -section. The web-members consist of two angles back to back and are 
riveted at their ends to the continuous web-plate between chord angles. 

The Mining Building, World’s Columbian Exposition. Examples of the 
type of cantilever construction illustrated in Fig. 59(6) are not common in 
general practice; however, the Mining Building at the Chicago World’s 


Eng. News, Vol. 23, page 57. 
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Fair * and the Machinery Hall at the Exposition in Geneva, Switzerland,f 
are excellent examples of this type. 

The general scheme of framing for the Mining Building at Chicago is shown 
in Fig. 61; the heavy lines represent compression members, the lighter lines, 



tension members, and counters. This arrangement of framing was possible 
because of the wide central aisle and the continuous side aisles. The canti¬ 
lever method was probably adopted for the novel effect and graceful outlines 
rather than from any necessity or relative economy, since the trusses were 
noticeably heavy in section and detail. 


Top of Ttum 



Fig. 62. Three-hinged Arch Supported on Cantilever Brackets, 22nd Regiment 
Armory, New York City • 

* From E. N., Vo2. 63, p. 520 

Armory for the 22nd Regiment, New York City. In order to avoid reduc¬ 
tion in width of the main floor by wide arch haunches, and to eliminate the 
interruptions in the balcony seating, the roof-construction of this building 
• Engineering Record, Vol. 29, page 9. 
t Engineering News, Vol. 37, page 38. 
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was designed as shown in Fig. 62. The roof arch is of the usual three-hinged 
type but rests on cantilever side brackets instead of abutments at or near 
the floor-level. 

The thrust of the arch is taken up by a tie-member consisting of a 12-in, 
35-lb channel, laid over a 15-in, 38-lb I-beam in the plane of the bent. The 
I-beam serves as a floor-beam and as a support for the channel-tie. 

The maximum vertical design-reactior on the supporting end-pins was 



Fig. 63. Steel Cantilever Trusses Supporting Lamella Arch Span. Arena of National 
Exhibition Company’s Coliseum, St. Louis, Mo.* 

• From E. N.-R., Vol. 104, page 935 


taken at 133 300 lb with a simultaneous outward thrust on these pins of 
113 600 lb. These reaction components produce moments of opposite char¬ 
acter in the supporting columns. 

The width of the supporting columns at the floor-line is relatively small 
(3 ft 6 in back to back of angles); this is made possible by the fact that for 
the design loads the bending in the column is relatively small. The end- 
pins of the arch are located in such positions that the clockwise and counter¬ 
dock wise moments at the floor-line are approximately equal. The locations 
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of the supporting pins were determined by trial and calculations, taking into 
account the proper combinations of dead, live, and wind-loads. 

An account of the problems involved in the design, together with details of 
the construction of this roof, are given in Engineering News, Vol. 63, page 520. 

National Exhibition Co. Arena, St. Louis, Mo. The building, 278 ft in 
width out to out of walls, has an arched roof consisting of a row of tall 
steel cantilever trusses on each side, the upper ends of which carry a central 
arch of “lamella” type timber roof-construction, the latter having a span of 
165 ft.* The steel cantilever trusses are supported at the level of the top 
row of seats, as shown in Fig. 63. The base of each cantilever is a heavy 
inclined box girder carrying the terraced seats. Below this girder, and form¬ 
ing a continuation of it, is an inclined girder composed of two 15-in channels 
with cover-plates top and bottom. The lower end of the inclined girder is 
attached to the apex of an A-frame built up of 12-in H-sections and mounted 
on a pair of 30-in plate girders, which are anchored to a massive concrete 
base. The uplift at the inner flange of the cantilever truss is transmitted 
through the inclined girder and resisted by the anchorage. 

The lamella construction has a rise of 35 ft above its spring line, and is 135 ft 
0 in above the arena floor at its crown. It is composed of Douglas fir units 
as illustrated in Fig. 43(5), each unit being 3% in X 173^ in and 15 ft long. 

Expansion is provided for in the structure by means of slotted hole connec¬ 
tions in the steelwork and by permissible breathing of the wooden arched 
roof. 


14. References to Engineering Literature Relative to 
Steel Roof-Construction 

Steel roof-construction may be divided for general reference into four 
classifications: 

(1) Simple span trusses 

(2) Three-hinged arches 

(3) Two-hinged arches 

(4) Cantilever construction 

The general characteristics of these four classes of roof-construction, 
together with typical examples of each, have been briefly discussed in the 
preceding paragraphs. 

There are many variations in form, detail and dimensions of the construc¬ 
tion in any one classification and accordingly a number of selected references 
to engineering periodicals are given in the following tabulations, wherein the 
designer or the student may find illustrations and descriptions of the various 
details of design. No attempt has been made to refer to all engineering 
periodicals, nor to include every reference in the periodicals selected. 

By simple span trusses is meant a trussed span designed with one end free 
to move horizontally and wherein the reactions are assumed to be vertical 
under vertical loading. 

Spans. All span lengths of simple trusses and arches are given center to 
center of bearing. 

Cantilever Spans. The span lengths a, c and l noted in the table of can¬ 
tilever construction refer to anchor span, cantilever span and supported span, 
as noted in Figs. 59(a) and 59(5). 

* Eng. News-Record, Vol. 104, page 935. 
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Rise. The rise in the case of simple trusses is given as the vertical dis¬ 
tance between chord centers at the center line of span. For three-hinged 
arches the rise is given as the vertical dimension between the horizontal line 
connecting end-pins, and the crown-pin. The rise as given for two-hinged 
arches is the vertical dimension taken from the horizontal line between sup¬ 
ports to the mid-point of the arch frame at the center line of span. 

Abbreviations. The titles of the engineering periodicals are abbreviated 
as follows: 

E.R. Engineering Record 

E.N. Engineering News and 

Engineering News-Record 
A. & B.M. Architects' and Builders’ Magazine 


Simple Span Steel Roof-Trusses 


Location 

Span 

Rise 

Reference 


Ft 

In 

Ft 

In 


Vol. 

Page 

New York City, Pier Shed... 

96 

0 

10 

0 

E 

R. 33: 

115 

Chicago, Assembly Hall 

104 

3 

10 

0 

E 

N. 79: 

1 105 

Baltimore, Pier Shed . 

107 

0 

15 

0 

E 

R. 52: 

6 

New York City, Hippodrome . 

108 

4 

12 

6 

E 

R 51: 

354 

Peoria, Illinois, Tram Shed. . 

109 

4 

18 

0 

E 

R. 42: 

536 

New York City, Pier Shed. . 

118 

3 

15 

0 

E 

N 61: 

30 

Cleveland, Ohio, Theater. 

120 

7 

15 

3 

E 

N. 88: 

1041 

New York City, Railway Station 

123 

8 

25 

0 

E 

R. 67: 

211 

East Orange, N. J , Armory. ... 

126 

0 

20 

0 

E 

R. 65: 

711 

Camden, N. J , Train Shed. 

126 

0 

14 

9 

E 

R. 44: 

242 

Chicago, Riding Club . 

158 

7 

15 

0 

E 

N. 97: 

250 

New York City, Madison Sq. Garden 

166 

10 

17 

0 

E 

R 23: 

124 

Boston, Mass , Coliseum.... 

174 

0 

24 

0 

E 

N. 102 

: 324 

Brooklyn, N. Y , Armory . . . 

179 

2 

14 

0 

E 

N. 58: 

221 

Jacksonville, Fla , Pier Shed.. 

180 

0 

19 

5 

E 

N. 74: 

494 

Buffalo, N Y , Arsenal 

181 

2 

27 

0 

E 

R. 67: 

302 

Kansas City, Mo., Auditorium 

187 

4 

32 

6 

E. 

R. 40: 

170 

New York City, Armory 

189 

8 

24 

0 

E 

R. 50: 

7 

Quincy, Mass , Shipbuilding Plant * 

195 

0 

35 

0 

E 

R. 46: 

85 

Fhnt, Mich , Auditorium. 

202 

4 

22 

0 

E 

N. 103 

: 801 

Cleveland, Ohio, Auditorium... 

209 

0 

28 

6 

E. 

,N. 84: 

414 

Chicago, Train Shed . . 

212 

0 

25 

6 

E 

R. 48: 

302 

Boston, Mass , Train Shed .. . 

228 

6 

18 

0 

E 

R. 39: 

135 

Harrison, N. J , Steel Mill 

235 

9 

42 

9 

E, 

• N. 82: 

898 

Chicago, Stadium ... 

261 

9 

25 

0 

E 

N. 103 

: 610 

Birmingham, Eng , Train Shed.. . 

275 

0 

8 

0 

E, 

N. 72: 

1 112 


• With 60 ft 0 in cantilever overhang, each end. 
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Three-Hinged Steel Arch Roof-Construction 


Location 

Span 


Reference 


Ft 

In 

Ft 

In 


Vol. 

Page 

Rochester, N. Y., Railway Station . 

90 

8 

36 

4 

E.R. 

68: 

666 

Dallas, Texas, Stock Pavilion *. 

100 

0 

35 

0 

E.N. 

65: 

728 

Syracuse, N.Y., University Gymnasium 

101 

4 

27 

0 

E.R. 

58: 

216 

Cleveland, Ohio, Armory *. 

120 

0 

52 

6 

E.R 

35: 

76 

Chicago, World’s Fair Machinery Ilall 

121 

10 

97 

6 

E R 

27: 

77 

New York City, Armory t . . 

134 

0 

31 

6 

E.R. 

63: 

520 

Chicago, Recreation Pier. . 

136 

8 

74 

4 

E N 

74: 

197 

Chicago, Coliseum. 

149 

9 

66 

6 

E R. 

43: 

627 

Chicago, Armory ... 

155 

6 

78 

0 

E N 

32: 

176 

Scott Field, Illinois, Hangar . . 

160 

0 

114 

0 

E N. 

90: 

234 

Newark, N. J , Armory. 

163 

6 

73 

5 

E R 

41: 

500 

Providence, R. I , Drill-Hall. 

166 

8 

60 

0 

E R. 

55: 

474 

St. Louis, Exposition, Govt. Bldg. 

172 

0 

69 

9 

E N 

52: 

282 

St. Louis, Mo , Coliseum. 

178 

6 

80 

0 

E R 

37: 

383 

Hartford, Conn , Armory. 

181 

0 

90 

2 

E R. 

58: 

291 

New York City, Armory. 

189 

8 

103 

4 

E R 

51: 

620 

Baltimore, Md , Armory. 

190 

0 

74 

6 

E.R 

49: 

604 

Brooklyn, N. Y , Armory. 

196 

8 

84 

0 

E R 

40: 

704 

Springfield, Mass., Coliseum. 

197 

0 

68 

6 

ER. 

74: 

442 

Chicago, Armory . .... 

198 

0 

90 

0 

E.N 

75: 

152 

Urbana, Illinois, University Armory. 

206 

0 

94 

3 

E N 

70- 

1 182 

Minneapolis, University Field House. . 

220 

0 

100 

0 

E.N. 

100 

: 578 

Buffalo, N. Y. t Armory . 

f 227 

0 

94 

0 

ER. 

41: 

549 

Jersey City, N. J., Train Shed. . 

252 

8 

92 

3 

ER. 

40: 

216 

Pittsburgh, Penna., Train Shed... 

255 

0 

96 

0 

ER. 

46: 

173 

Lakehurst. N. J , Hangar . 

258 

0 

183 

0 

E.N. 

84: 

892 

Philadelphia, Pa., Train Shed.... 

259 

0 

88 

3 

ER. 

27: 

22 

New York City, Armory 

288 

10 

102 

7 

| E N 

71: 

1 339 

Philadelphia, Penna , Train Shed. . . . 

300 

8 

108 

5 

E N. 

29: 

512 

Akron, Ohio, Airship Dock. 

325 

0 

197 

6 

! E N. 

105 

: 135 

Paris, France, Exposition, Mach Hall 

362 

9 

149 

0 

ER. 

20: 

318 

Chicago, Exposition Manuf Bldg... . 

368 

0 

206 

4 

E.R. 

26: 

299 


• Solid web ribs. 

f Cantilevered from column brackets 


Two-Hinged Steel Arch Roof-Construction 


Location 

Span 

Rise 

Reference 


Ft 

In 

Ft 

In 



Vol. 

Page 

New York City, Church. ... 

73 

0 

75 

0 

E 

R 

44: 

370 

New York City, Express Co. Bldg 

75 

0 

27 

0 

E 

R 

50: 

495 

Portland, Maine, Armory. 

92 

0 

45 

0 

A 

& 

BM 

3: 10' 

Brockton, Mass., Exposition Hall_ 

94 

0 

60 

0 

A 

& 

BM 

3: 11 

Providence, R. I., Exposition Hall. . . 

115 

0 

53 

6 

A 

& 

BM 

3: 9 

Scranton, Penna., Armory . 

156 

0 

49 

6 

E 

R. 

44: 

180 

New York City, Armory . . . 

176 

0 

67 

0 

E 

N 

21: 

332 

New York City, Armory .... 

179 

2 

73 

0 

E 

N 

58: 

220 

Frankfort, Germany, Train Shed . 

184 

0 

93 

6 

E 

R 

25: 

230 

West Baden, Indiana, Hotel . . 

195 

0 

43 

0 

E 

N. 

48: 

158 

Chicago, Stock Pavilion 

198 

0 

64 

0 

E. 

,N. 

55: 

716 
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Cantilever Roof Construction 

a-spans of anchor arms 
c-spans of cantilevers 
/-supported spans 


Location 

Spans 

Reference 

a 

c 

l 


Ft In 

Ft 

In 

Ft la 

Vol. Page 

New York City, Ball Park. 

40 

0 

22 

0 



E R. 64: 126 

New York City, Armory. 


. 

23 

0 

134 

o 

E N. 63: 520 

Chicago, Ball Park. 

64 

0 

24 

0 



E R. 62 : 261 

Brooklyn, N. Y., Ball Park. 

64 

3 

25 

0 



E.R. 69: 647 

Chicago, Ball Park. 

64 

0 

26 

0 



E.N. 91: 173 

Chicago, Speedway Grandstand 

47 

0 

27 

8 



E.N. 74.1 167 

Brooklyn, N. Y., Ball Park. . . 

29 

0 

28 

0 



E.R. 67: 274 

Boston, Mass., Ball Park. 

80 

0 

30 

0 

... 


E.N. 74: 376 

Salt Lake City, Utah, Ball Park. .. 

18 

o 

30 

0 



E.N. 76: 707 

Cleveland. Ohio, Ball Park. 

44 

6 

32 

0 

# 


E.R. 62: 70S 

Chicago, Exposition, Mining Bldg.. 

57 

6 

34 

6 

46 

0 

E.R. 29: 8 

Geneva, Switzerland, Exp. Bldg... 

80 

0 

50 

0 

26 

0 

E.N. 37: 38 

Balboa, Canal Zone, Pier Shed 

23 

3 

52 

0 



E N. 80: 996 

St Louis, Mo , Arena *.... 

B 


55 

6 

165 

0 

E N. 104: 936 

Quincy, Mass , Shipbuilding Plant 

195 

0 

60 

0 



E.R. 46: 85 

Monmouth Park, N. J , Grandstand 

no 

0 

75 

0 



E.N. 23: 57 

Prince Rupert, B C., Dock Shed.. 

80 

0 

80 

0 

# 


E.N. 67: 2 

Ely, Minn , Mine Head House.. 

48 

0 

88 

6 

• 


E.N. 80:1002 


Steel cantilevers, lamella arch span. 
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CHAPTER XXV 

STRESSES IN ROOF-TRUSSES 

By 

C. E. PALMER 

PROFESSOR OF ARCHITECTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 

1. General Considerations and Definitions 

External Forces. The external forces, or loads to which a roof-truss 
is subjected, consist of the weights of materials of construction, snow, ice, 
and wind-pressure, together with the reactions developed at the supports 
as a result of these loads. 

Internal Forces. The internal forces, or stresses, are those developed 
within the different parts of the structure under the action of the external 
forces. In a prismatic member the imaginary line connecting the centers 
of gravity of every cross-section of the piece is called its longitudinal axis, 
or simply its axis. The stress in the member is said to be axial when the 
resultant of the stresses at every cross-section passes through the center of 
gravity of that section. 

Axial stresses in the members of a roof-truss are usually considered to be 
uniformly distributed over the entire cross-section, at each section of any 
member. The unit stress, or intensity of stress, i9 the total stress at a 
given section divided by the area of that cross-section. Unit stresses are 
generally expressed in pounds per square inch. 

Strain, or Deformation. When any material is subjected to the action of 
a force, the piece so acted upon undergoes a change in shape. This change 
in shape is called strain or deformation. 

The cohesion of the particles of which the material is composed tends to 
resist deformation and as a result internal stress is produced. Internal 
stress is, therefore, a result of strain and is of an amount just sufficient to 
hold the external forces in equilibrium. 

Statics is that branch of mechanics which, in its application to structures, 
treats of the conditions under which every part of a structure, and therefore 
the structure as a whole, is in equilibrium under the action of external forces 
and the resulting internal stresses. 

Elements of a Force. A force, acting upon a structure, is completely 
defined when its line of action, direction, point of application, and 
magnitude are given. The line of action of a force is the path along 
which the force tends to produce motion. The direction of a force is the 
specification relative to which of the two ways along the line of action the 
force tends to produce motion. Direction is indicated, graphically, by an 
arrow placed on the line of action showing the direction in which the force 
tends to produce motion. The point of application is the place (consid¬ 
ered as a point) where the force is brought to bear upon the structure. The 
line of action of the force is located by the point of application and the 
direction. 

The magnitude of a force is the ratio of the effectiveness of that force in 
producing motion to that of a unit force. The magnitude of a force may be 
expressed, graphically, by the length of the action line. 
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Equilibrium of Forces. When a system of given forces acts upon a strut* 
ture without producing a change with respect to the state of rest or motion, 
the system of forces is said to be in equilibrium. Any one of the forces may 
be considered as the equilibrant (or balancing force) of all the other forces. 

Resultant The resultant of a system of two or more forces is a single 
force which would produce the same effect as the given system of forces. 
The resultant of a given force system and the equilibrant of that system, are, 
therefore, equal in magnitude, have the same line of action, and are opposite 
in direction. 

Components of a Force. Any number of forces whose combined effect is 
the same in all respects to a single force are called the components of that 
force. It is evident, therefore, that a force may have any number of com¬ 
ponents. 

Composition of Forces is the process of Ending, for a given system of forces, 
an equivalent system having a smaller number of forces than the original 
system. The finding of a single force to replace the given system is the 
most important case of composition. 

Resolution of Forces. Resolution is the process of Ending, for a given 
system of forces, an equivalent system having a greater number of forces 
than the original system. The process of finding two (reactions) forces 
which are equivalent to a given (resultant) force is the most important case 
of resolution. 

Space and Force Diagrams. In the graphical solution of problems involv¬ 
ing statics (graphic-statics), it is usually desirable to draw two separate 
figures, one of which shows the lines of action and points of application of the 
given force system with respect to the given structure, and the other, drawn 
independent of the structure, showing the magnitude and direction of the 
various forces. The former is called the space-diagram and the latter the 

FORCE-DIAGRAM. 

Loads. The loads to be considered preliminary to the problems of stress 
determinations in roof trusses may be classified as follows: 

(u) Dead loads 

( b ) Snow-loads 

(c) Wind-loads 

The dead load consists of the weights of the following items: roof-covering; 
(2) sheathing, rafters, purlins; (3) roof-trusses and bracing; (4) ceiling-loads; 
(5) any other permanent or fixed loads supported by the roof-construction. 

The snow-load varies greatly for different localities, depending upon the 
latitude and relative humidity of the locality. 

The wind-load on a roof surface depends upon the velocity and direction 
of the wind and upon the inclination and exposure of the roof. The wind is 
assumed to move horizontally and the component normal to an inclined 
surface is considered in calculating wind-loads on roof-trusses. 

The methods used in the determination of the magnitudes of external 
loads for the design of roof-trusses are discussed in detail in Chapter XXVI. 

2. Reactions 

General Considerations. The reactions of a roof-truss are the external 
forces, which if applied at the center of the truss supports will hold in equilib¬ 
rium the weight of the truss and the loads supported by it. The reactions 
are, therefore, equal, numerically, to the pressures exerted by the truss against 
the supports. It is evident that before the reactions can be determined, the 
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loads that are supported by the truss, together with the weight of the truss 
itself, must be calculated. 

The data relative to the calculation of loads, which is a part of the problem 
of design, are given in detail in Chapter XXVI. 

Since the two reactions of a given truss must equilibrate the system of 
applied loads, their resultant must be numerically equal and opposed in 
direction to, and have the same action line as, the resultant of the system of 
applied loads. 

It is highly important, therefore, that the calculation of the reactions be 
exact since the subsequent calculations of stresses throughout the truss 
depend upon the established equilibrium of the structure as a whole. 

Since the methods of finding the reactions for vertical load systems differ 
somewhat from those for inclined load systems, the procedure for the two 
cases will be considered in separate articles, the first dealing with the prob¬ 
lems relative to reactions for dead and snow-loads, and the second dealing 
with the problems of finding reactions for wind-loads. 

Reactions for Dead, Snow, and Ceiling-Loads. Dead, snow, and ceiling¬ 
loads are gravity loads, and their action lines are, therefore, taken normal 
to the horizontal plane. The reactions and stresses due to snow-loads are 
usually considered separately from those due to dead and ceiling-loads in 
order to permit separate combinations of dead and wind-load stresses since 
maximum snow and wind-loads are assumed never to act at the same time. 

Example 1. Let it be required to find the reactions for the six-panel Howe 
truss loaded as shown in Fig. 1. The vertical panel loads comprise a simple 


3000 



system of parallel loads and since the points of application of the reactions 
are known only two unknowns remain for each reaction, namely, magnitude 
and direction. Construct the force-polygon A—H for the given loads 
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taken in order reading clockwise around the truss from the left support. 
In this case the force-polygon is a straight line, and is called the load line. 
Assume any pole O, draw the rays OA, OB—Off and construct the funicular 
polygon ob, oc — og, noting that each string of the funicular polygon, such 
as od, crosses the interval in the space diagram denoted by d and is parallel 
to the ray OD. 

The closing string ok, which is a component of ka — R\ — KA and hk — 
R* •» UK, defines the direction of ray OK dividing the load line into the 
two required reactions, thus determining their magnitudes and directions. 

It should be noted that strings oa and oh are of zero length in the funicular 
polygan since the loads ab and gh are coincident with the action lines of the 
reactions Ri and Rt, respectively. 

These half-panel loads are transferred to the supports directly without 
affecting the truss and could be subtracted from the reactions directly and 
thus eliminated. The resulting reactions are called the net or effective 
reactions. The effective reactions for the truss in Fig. 1 are 9 000 — 1 500 
«=» 7 500 lb. 

The reactions might have been found algebraically, by taking moments 
about one of the supports, or in the case of symmetrical loading, by merely 
dividing the total load into two equal reactions. 


Example 2. In this case the loading on the truss is unsymmetrical on 
account of the added load of 5 000 lb located at the second panel-point of the 
lower chord, as shown in Fig. 2. 



Fig. 2. Truss with Lower Chord Load 


Starting at a , and reading clockwise around the truss, lay off the load line 
AM'. Since the values of R a - ffK and R\ - MA,a*e unknown, their desig¬ 
nations must be temporarily omitted from the load line, as shown. Select a 
convenient pole, construct the ray-diagram, and draw the funicular polygon 
as before. 
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It should be noted that the ray-diagram is in reality a force-polygon in 
which each force is resolved into two components; thus force AB is resolved 
into AO and OB as indicated by the arrows and BC is resolved into BO and 
OC. It is evident that, since all intermediate rays are used twice, and in 
reverse order, the entire force-polygon, with the exception of the first and 
last rays, is neutralized. The first and last rays are, therefore, the com¬ 
ponents of the resultant of the two reactions. This resultant may be divided 
into the two required reactions by the closing string transposed to the force 
polygon as the necessary components of the reactions. 

In Fig. 2, ray OK' is a component of load gh and load km, while ray OM* 
is the remaining component of load km and also one component of the 
unknown reaction R*. The string om' must therefore be drawn from the 
intersection of string ok' and the action line of load km, to intersect the 
action line of Rj, thus locating the required closing string ox. Then, in 
the force-polygon, M'X - Rj, and XA - Ri. Since the reactions are now 
determined the load line may be laid off in consecutive order as A | H, H f K 
■ Rt, K [M and M f A - R\, as indicated in Fig. 2. 

Example 3. When a series of ceiling-loads are applied to the lower chord, 
as in Fig. 3, the same procedure as outlined in Example 2 may be employed, 
provided the ceiling-loads are replaced by their resultant. 



Example 4. Fig. 4 shows an unsymmetrical truss with the one-half panel 
loads at each end deducted directly from the load system. The effective 
reactions are found as before by considering the ceiling-loads to be replaced 
by their resultant of 6 000 lb which may be subdivided, after it is properly 
located between the reactions on the load line, into the five panel loads of 
t 200 lb each. 
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Reactions for Wind-Loads. The magnitudes and directions of the wind- 
load reactions for a given truss depend upon the manner in which the truss 
is supported at its ends. When the span is small, or when the truss is made of 
timber, the ends are usually fixed or restrained against horizontal movement 
at the supports by means of anchor bolts, or by being built into the support 
with no provision for horizontal movement. 

For spans of 40 to 50 ft and more, the change in length of the truss due to 
deformations caused by the stresses in the members, together with changes 
in length due to changes in temperature, necessitate an end bearing detail, 
at one support, which will permit of a horizontal movement. 


8300 



If the ends of a truss are both fixed, deformation under load and tempera¬ 
ture change may produce excessive secondary stresses in the truss as well as 
horizontal thrusts at the supports. The usual methods of providing for 
horizontal movement is to place one end of the truss upon a planed base plate 
and to provide a slotted connection of the truss to this plate, or in the case 
of heavier trusses, to place one end upon a roller or rocker bearing. Wind- 
load reactions will be determined for the three following assumptions: 

(c) that both ends of the truss are fixed horizontally; 

(6) that one end of the truss is supported upon rollers; 

(i c) that one end of the truss is supported upon a planed base plate 
with a coefficient of friction of 0.30. 

(a) Truss Fixed at Both Supports. The problem of finding the lines of 
action of the wind-load reactions for this case is indeterminate since the 
amount of horizontal resistance offered by each support is unknown. The 
vertical components of the reactions are independent of the horizontal com- 
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ponents and of any assumption which may be made relative to the horizontal 
components. 

When the roof is comparatively flat, so that the resultant of the normal 
components of the wind-loads approaches a vertical direction, the reactions 
can be assumed parallel to each other and parallel to the wind-load resultant. 

When the roof is steep and the wind-load is large as compared to the dead 
load, the assumption of parallel reactions may lead to absurd results. 

The assumption which probably approximates the truth more nearly for 
the average conditions is that the horizontal components of the reac¬ 
tions are equal. If the truss is assumed to be rigid, the supports equally 
elastic and no horizontal tendency other than the wind-pressure existing, this 
assumption would be correct, since the horizontal forces causing equal yield¬ 
ing of the rigid frame, on equally rigid supports, must be equal. 

The usual assumptions employed in determining the wind-load reactions 
for a truss with fixed ends may be briefly stated as follows: 

(1) that the wind-load reactions are parallel; 

(2) that the horizontal components of the wind-load reactions are equal. 

Case 1. Reactions Parallel. Let it be required to find the wind-load 
reactions for the truss loaded as shown in Fig. 5. To determine the reactions 



Fig. 5. Wind-load Reactions 


construct the load line A — E t assume a convenient pole, 0, and draw the 
funicular polygon. The string oa is zero length since the action line of ab is 
coincident with the action line of Ri and the closing string of determining the 
direction of ray OF divides the load line into EF — R 2 and FA — R\. 

Case 2. Horizontal Components of Reactions Equal. The reactions will 
be found for the same truss and loading as in Case 1. First, find the reactions 
as in Case 1, assuming that their action lines are parallel. The vertical com¬ 
ponents of the reactions thus found, being independent of the end conditions 
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are the true vertical components for any and all assumptions relative to the 
distribution of horizontal components. 

Therefore, draw a horizontal line mn, Fig. 5, through F, and project A and 
E vertically to determine m and n respectively. The line mn is then equal 
to the horizontal component of the total wind-load. Bisect mn, making 
mF f - F'n, and draw EF' - R 2 and F'A - R i, as shown in Fig. 5. 

(b) One End of Truss Supported on Rollers. If one end of the truss is 
supported on rollers, then the reaction at that end cannot have a horizontal 
component (neglecting the friction of the rollers) since the rollers are so 
designed and placed as to permit an unrestrained horizontal movement of 
that end of the truss. The reaction at the end supported on rollers is, there¬ 
fore, vertical, and the entire horizontal resistance must be supplied by the 
fixed end. 

Since the wind-pressure may be applied on either side of the truss, depend¬ 
ing upon the direction of the wind, the rollers may, at one time, be under the 
end to the windward side and at another time under the end to the leeward 
side. There are, therefore, two cases to be considered, as follows: 

(1) Rollers under the windward end of the truss; 

(2) Rollers under the leeward end of the truss. 

Case 1. Rollers Under the Windward End of the Truss. The truss and 
loading is shown in Fig. 6, and since the left or windward end is on rollers, the 



reaction at this end, or R i, is vertical. The right reaction, R it is unknown in 
direction, one point only on its line of action being known. 

The reactions may be determined by one of two methods: 

(a) Lay off the load line A — E, locate the resultant of the total wind-load, 
and since the direction and point of application of Ri are known, extend the 
action line of R i to intersect the action line of the resultant wind-load. 

Draw the action line of Rj through the known point (right support) and the 
intersection of the action lines of R\ and the wind resultant, thus determining 
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the direction of R*. (Three forces in equilibrium meet in a common point.) 

Complete the force-polygon to equilibrate the load line A-E (• wind 
resultant) by drawing through E parallel to the direction of Rj and through 
A parallel to R\ to intersect at F, Then EF -» R% and FA Ri to the scale 
of the load line. 

(b) Choose a convenient pole, such as 0, and from the ray-diagram con¬ 
structed upon the load line, draw a funicular polygon. Since the only point 


w 



Fig. 7. Wind-load Reactions 


on the line ot action of Rj is that point at the right support, string oe must 
pass through this point. Start the funicular polygon with string oe drawn 
through the point of support at the leeward end and let the last string oa 
intersect the known vertical line of action of Ri where it will. Draw the 
dosing string of, which when transposed as a ray to the ray-diagram will 
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locate point F , the lower end of the vertical line through A t designating R\. 
Then, EF — R 9 in magnitude and direction. 

Case 2. Rollers Under the Leeward End of the Truss. The reactions for 
this case are determined by the general methods outlined in Case 1. 

(a) Draw the load line A — E, Fig. 7, and by symmetry locate the resultant 
of wind-loads. Prolong the action line of the resultant of wind-loads to inter¬ 
act the known vertical action line of R 2 in s. Connect s and the other known 
point (the left support) on the action line of R u thus determining the direc¬ 
tion of Ri. Through point E on the load line draw parallel to R 2 (vertical) 
and through A draw parallel to Ri, to intersect in point F. Then EF = R t 
and FA - R\ in direction and in magnitude to the scale of the load line. 

(c) One End of the Truss Supported upon a Planed Base-Plate with a 
Coefficient of Friction of 0J0. For truss spans of 40 ft to 120 ft supported on 


w 



masonry walls or piers, the usual detail at the free end of the truss consists 
of a surfaced base-plate upon which the outstanding legs of the chord or 
shoe angles rest and over which they are free to move horizontally as the 
length of the truss changes with deformation and temperature. Such a detail 
is not without friction on the bearing surfaces, and an amount of horizontal 
resistance will be offered equal to the frictional resistance of the detail. The 
coefficient of friction of steel on steel (at rest) is from 0.30 to 0.35. 

Lay off the load line A — E, Fig. 8, and tentatively assume the free end of 
the truss to be on frictionless rollers. Determine the reactions as in Case 2 
of the preceding article. The first string of the funicular polygon oa must be 
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drawn through the only known point on the windward reaction, its point of 
application at the left support. The closing string of determines the direc¬ 
tion of ray OF and locates F', assuming EF f - R% to be vertical. The reac¬ 
tion R% y however, is not vertical, unless the expansion detail at the right sup¬ 
port is without friction. 

If the coefficient of friction for the sliding detail, as specified, be taken at 
0.3, lay off F'F — 0.30 EF\ then the reactions are EF -> R% and FA - R\ 
in the directions shown, and of magnitudes as determined by the scale of the 
load line. 


3. Stresses in Roof-Trusses 

The dead loads, snow-loads and wind-loads acting upon a truss are trans¬ 
ferred, throughout the members of the truss, to the supports. The stresses 
developed in the truss through this action tend to shorten some of the mem¬ 
bers, and to elongate others; and since the materials of which trusses are 
constructed are not inelastic, the lengths of the members are changed and the 
form of the truss is distorted. The actual deformations are very small but 
none the less significant since they indicate the character, and are a direct 
measure of, the stresses in the members of the truss. There are three kinds 
of stress which may be developed by the action of the external forces: (a) ten¬ 
sion; ( b ) compression; (c) shear. 

(a) Tension. When the deformation of a member is such that there is a 
tendency for the particles of the member to be pulled apart or elongated in a 
direction normal to the surface of cleavage, the member is said to be sub¬ 
jected to tensile stress. The forces external to and producing tension in a 
member act in a direction from the center toward the ends of the member; 
hence, the internal forces, or stresses, act from the ends toward the center. 

(b) Compression. When the deformation of a member is such that there 
is a tendency for the particles of the member to move toward each other, or 
to be shortened in a direction normal to the surface of cleavage, the member 
is said to be subjected to compressive stress. The forces external to and 
producing compression in a member act in a direction from the ends toward 
the center; hence, the internal stresses, or balancing forces, act from the cen¬ 
ter toward the ends. 

(c) Shear. A member is said to be subjected to a shearing-stress if 
there is a tendency for the particles of the member to slide past each other. 
The external loads supported by a truss are generally applied at the panel- 
points, subjecting the members to longitudinal stresses of tension or compres¬ 
sion without producing shear. However, shearing-stresses are developed in 
the joint details and as a result of bending due to the rigidity of the joints. 

While the truss as a whole acts like a beam, the individual members are 
not subjected to bending stresses from external forces applied at the joints. 
Unless a member is vertical it is subjected to bending due to its own weight; 
however, such stresses are relatively small and may? in most cases, be entirely 
neglected. 

General Methods of Determining Stresses in Trusses. The determination 
of the stresses in the members of any framed structure is based upon the prin¬ 
ciples of static equilibrium. The structure as a whole must be in equilibrium 
under the action of the applied loads and the reactions. Any portion of the 
structure taken separately as a free body must also be in equilibrium under 
the action of the external forces, or stresses, acting upon the ends of the mem 
bers cut in separating the portion under consideration from the original 
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structure. The three fundamental equations of equilibrium which must be 
satisfied are: 

(1) 2 horizontal components of all forces 0. 

(2) 2 vertical components of all forces - 0. 

(3) 2 moments of all forces about any point — 0. 

The first two equations of static equilibrium involve the resolution OF 
forces, and they may be solved either algebraically or graphically. The 
third equation involves the moments of forces, both external and internal, 
and it may also be solved either algebraically or graphically. When the 
reactions have been found, the stresses in the various members may be 
determined either by Equations (1) and (2) or by Equation (3). There are, 
therefore, four methods of determining the stresses in the members of a truss: 
(.4) Resolution of forces 

(u) Algebraic method 
(b) Graphical method 
( B ) Moments of forces 

(a) Algebraic method 

( b) Graphical method 

The choice of method best adapted to the determination of the stresses in 
any given truss is governed partly by the conditions of the problem and 



partly by individual preference. In general, the graphical methods are 
preferable in the analysis of the stresses in roof-trusses for the following rea¬ 
sons: (1) the inclinations of the members are usually irregular; (2) the 
external loads are generally assumed to act along fixed lines and at fixed 
points; (3) graphical methods are self-checking; (4) graphical methods 
present a concise summary of relative magnitudes. The application of 
algebraic methods demands, generally, a more skilful command of the prin¬ 
ciples of statics and a more judicious choice of procedure, than is required 
in the use of usual graphical methods. By the algebraic method, however, 
stresses may be determined to any degree of accuracy, whereas, in the graph¬ 
ical method, accuracy depends upon the care used in the execution of the 
drawing, and the scale adopted. 

Notation. It is highly important that some orderly form of notation be 
adopted whereby reference to the various members of the truss can be easily 
and clearly made. 

The notation that will be used throughout this chapter is illustrated in 
Fig. 9. External loads are designated by the lower-case letter on each side 
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of that load, as for example, the load at joint © is a-b. Each section of the 
upper and lower chord is designated by a lower-case letter and a figure, as for 
example, the upper chord between joints ® and ® is 6-3. Each web- 
member is designated by two figures, as for example, the member joining 
panel-points © and © is member 2-3 as read about joint ®, and 3-2 as 
read about joint ®. A tensile stress will be recorded by prefixing a plus 
(+) sign, and a compressive stress by prefixing a minus ( —) sign before the 
quantity representing the magnitude of the stress. 

Stresses by Algebraic Resolution. The term algebr ic, applied to the 
methods of stress analysis, is used to differentiate it from graphical methods, 
although the process may be numeric rather than algebraic. 

The stresses may be computed algebraically either by (a) the method of 
sections, or by (6) the method of joints. It is often desirable to compute 
the stresses in some of the members by method (a) and the stresses in other 
members by method ( b ). 

In either method the procedure requires the separation of the given truss 
into two parts, by an imaginary section, either plane or curved. One portion 
is considered to be removed together with all external forces on that portion, 
and the members that are cut by the section are loaded at their cut ends by 
forces equal to the stresses acting in those members. The first two funda¬ 
mental equations of static equilibrium are then applied to the removed por¬ 
tion of the truss and the stresses found by supplying the necessary numerical 
values in those equations: 

2 horizontal components - 0 (l) 

2 vertical components - 0 (2) 

In writing the numerical values for the equations, forces acting upward and 
to the right will be considered positive, and those acting downward and 
to the left, negative. The unknowns in each case will be assumed to act 
away from the section. If then the final sign stands plus (+) the assumption 
is correct, or away from the plane, the stress being tension and the plus (+) 
sign properly indicating the same. If the final sign is minus (—) the assump¬ 
tion that the stress is acting away from the plane is incorrect; the stress is 

compression and the minus (—) sign properly indicates the character of stress. 

Example 5. Method of Sections. Let it be required to find the stresses in 
the members of the truss loaded as shown in Fig. 10. 

To find the stresses in me mber s a- 1 and l-g: 

Assume any plane, such as mm, cutting the members in question, as at (I), 

then: 



2 H - 0; +o-l (cos 30°) + 1-g - 0 

(«) 


2 V - 0; + 0 ^ (sin 30°) + 7 500 - 0 

(6) 

from (b) 

+ 0.50 + 7 500 -0 



or o—l - - 15 000 lb 

from (o) -15 000 (0.866) + W - 0 


1 -g -+ 13 000 lb 

To find the stresses in members 1-2 and 2-g: 


or 
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Assume any plane, such as nn, cutting the members in question, as at (II). 
then: 

2^-0; +a~ 1 (cos 30°) + 2-g - 0 (a) 

2 V - 0; +a-I (sin 30°) + 7 500 - 15 - 0 (6 ) 

from (a) -15 000 (0.866) + 2^-0 

or 2-g «= + 13 000 lb 

from ( b) -15 000 (0.50) + 7 500 - 15 - 0 

or T5 » 0 

To find the stresses in members 6-3 and 3-2: 

Assume any plane, such as oo, cutting the members in question, as at (III), 
then: 

2 H - 0; + 65 (cos 30°) + 55 (cos 30°) + 55-0 (a) 

2 V - 0; +55 (sin 30°) - 55 (sin 30°) + 7 500 - 3 000 - 0 (b) 

from (a) +55 (0 866) + 55 (0.866) + 13 000 - 0 

from (6) +75 (0 50) - 55 (0.50) + 4 500 - 0 

whence +1.732 K3 = - 20 800 

or 75 =» — 12 000 lb 

from ( b ) + 6 000 - 55 (0.50) + 4 500 - 0 

or 3-2 = — 3 000 lb 

To find the stresses in members 3-4 and 4-g: 

Assume any plane, such as pp, cutting the members in question, as at (IV), 
then: ___ __ 

2 27 - 0; +6-3 (cos 30°) + 4-g » 0 (a) 

2 V - 0; +6-3 (sin 30°) + 55 + 4 500 - 0 (6> 

from (a) -12 000 (0.866) + +5 = 0 

or 4-g *> + 10 400 lb 

from (6) -12 000 (0.50) + 55 + 4 500 - 0 

or 3-4 = + 1 500 lb 

To find the stresses in the members c-5 and 5-4’ 

Assume any plane, such as rr , cutting the members in question, as at (F)» 

then: _ _ __ 

2 7/ « 0; +c -5 (cos 30°) + 5-4 (cos 49°) + 4-g - 0 (a) 

2 V - 0; +75 (sin 30°) - 55 (sin 49°) + 7 500 - 6 000 - 0 (6) 

from (a) + c-5 (0.866) + 5-4 (0.655) + 10 400 — 0 

from (6) +75 (0.50) - 55 (0.755) + 1 500 - 0 

whence +(1.965) 55 + 7 800 - 0 

or 55 » — 3 960 lb 

from (6) +75 (0.50) + 3 900 (0.755) - - 1 500 

77 - - 9 000 lb 


o> 
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To find the stress in member 5-6: 

Assume any plane such as ss, cutting the member, as at (VI), then: 

2 H - 0; +T 6 (cos 30°) + 4^ + 4^5 (cos 49°) - 0 (a) 

n-0; —d-6 (sin 30°) - 5^6 - T* (sin 49°) 

_ + 7 500 - 9 000 - 0 (6) 

from (a) +d -6 (0.866) + 10 400 - 3 900 (0.655) - 0 

from (5) -55 (0.50) - 5-6 + 3 900(0.755) - 1 500 

whence d -6 — — 9 000 lb 

and J5 - + 6 000 lb 

Example 6. Method of Joints. This method differs from the preceding 
one only in that the portion of the truss which is assumed to be removed by 
the imaginary section is that portion immediately surrounding a joint. 

The two fundamental equations, 2 H - 0 and 2 V - 0, are again em¬ 
ployed, assuming that the unknown forces replacing the stresses on the cut 
ends of the members act away from the joint. 

Let it be required to find the stresses in the members of the truss loaded 
as shown in Fig. 11. 

To find the stresses in members a -1 and 1 -g: 

Take the section around joint ® as at 1, and assume the coordinate axes 
X and Y, then: 

2 X - 0; 4 a-T (cos 30°) 4- - 0 ( a) 

2 Y - 0; +1^ (sin 30°) + 7 500 - 0 (5 ) 

whence tf-1 — — 15 000 lb 

and l^g - 4- 13 000 lb 

To find the stresses in members 1-2 and 2-g: 

Take section around joint © as at II, and assume the coordinate axes 
X and Y, then: 

2 X - 0; -PT + l^g - 0 
2K-0; - 0 

whence 2-g - g -1 - 4- 13 000 lb 

and 1-2 — 0 

To find the stresses in members 5-3 and 3-2: 

Take the section around joint ©, as at III, and assume the coordinate axes 
X and Y, then: 

2 X - 0; -ITT (cos 30°) + 5^ (cos 30°) + 3+1 (cos 30°) - 0 (a) 

2 Y - 0, (sin 30°) + 5^3 (sin 30°) - 3+> (sin 30°) - 3 000 - 0 (5) 

from (a) - ( -15 000) • (0.866) + 5 5 (0.866) + (0.866) - 0 

from (5) - (-15 000) • (0.50) + 5+1 (0.50) - 3^2 (0.50) - 3 000 - 0 

or 4-5-3*(0.866) 4* T5 (0.866) - - 13 000 

and +1^ (0.50) - T5 (0.50) - - 4 500 

whence 5-3 - — 12 000 lb 
and 3+2 - - 3 000 lb 



Fig. 11. Method of Joints 
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To find the stresses in members 3-4 and 4 -g: 

Take the section around joint ®, as at IV, and assume the coordinate axes 
X and F, then: 


21-0; —2 -g — 2-3 (cos 30°) + 4 -g — 0 

(<*) 


2 F - 0; +75 (sin 30°) + 75-0 


from ( a) 

-13 000 - (-3 000) (0.866) + 75-0 


from ( b ) 

-3 000 (sin 30°) +75-0 


whence 

+5 -+ 10 400 1b 


and 

75 - + 1 500 lb 


To find the stresses in members c-5 and 5-4: 

Take the section around joint ®, as at F, and assume the coordinate axes 
X and F, then: 

© 

1 

* 

-73 (cos 30°) + 75 (cos 30°) + 75 (sin 49°) - 0 

(a) 

2F-0; 

-75 (sin 30°) + 75 (sin 30°) - 75 (sin 49°) 



- 75 - 3 000 - 0 

(b) 

from (a) - 

(-12 000).(0.866) + 75 (0.866) 4- 75 (0.655) - 0 


from ( b) 

-(-12 000)-(0.50) + 7-5 (0.50) - 75 (0.755) 

- 1 500 - 3 000 - 0 


whence 

+75 (0.866) + 75 (0.655) - - 10 400 



+75 (0.50) - 75 (0.755) - - 1 500 


or 

+ (1.965) 75 - - 7 800 


then 

75 - - 3 960 lb 


and 

75 - - 9 000 lb 



To find the stress in member 5-6: 

Take the section around joint ®, as at VI, and assume the coordinate axes 
X and F, then, 

XX - 0; -75 (cos 30°) + 75 (cos 30°) - 0 (a) 

2 F - 0; -75 (sin 30°) - 75 (sin 30°) - 75 - 3 000 - 0 (6) 

from (a) 75 - 75 - - 9 000 lb 

from (b) -(-9 000)-(0.50) - (-9 000)• (0.50) -75 -3000 -0 

or 75 « + 6 000 lb 

Stresses by Graphical Resolution. The method of graphical resolution, 
which is the most convenient for determining the stresses in the members of 
roof-trusses, consists of the application of the principles of the force-polygon 
to the external forces and stresses acting at each panel-point of the truss. 
Since the external forces and the stresses in the members at each joint are 
in equilibrium, the force-polygon must close and the forces must form a con¬ 
tinuous system around the polygon. Since the action lines of both external 
forces and stresses are known, it is evident that, if a sufficient number of 
forces at a given panel-point are completely known to permit a closed polygon 
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to be drawn, the magnitudes and directions of the unknown stresses can be 
determined. 

Let it be required to determine the stresses in the members of the truss, 
loaded as shown in Fig. 12. 

Joint ®. There are three forces acting at joint ®, shown at (I), of which 
one, the reaction Ri, is shown in magnitude as well as direction. The force- 
polygon at (I) is constructed by laying off GA - R\ at some convenient 


3000 



scale, acting upward and parallel to the known action line of the reaction. 
From the extremities G and A of the vector GA, draw G -1 parallel to g -1 and 
A-l parallel to a-1 to intersect in point 1. Then G-l and A-l represent, to 
the scale used to lay off GA , the magnitudes of the stresses in members g-l 
and o-l, respectively. These forces, to be in equilibrium, must act around 
the polygon in consecutive order, thus determining the directions of the vari¬ 
ous stresses with respect to the joint. Since the direction of GA is up, as 
Indicated by the arrow, A-l must act in the direction from A toward 1 and 
l-G must act from 1 toward G to dose the polygon. Applying these direc- 
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tions to joint © it is seen that o-l acts toward the joint and is, therefore, 
compression, while i-g acts away from the joint and is, therefore, tension. 

The forces at joint © are considered next, since at that joint there are but 
two unknowns, while at all other joints there are three or more unknowns. 
At joint ©, shown at (II), the force g -1 is equal and opposite to \-g as found 
at the preceding joint, and as there are no external forces, it is evident by 
inspection that the stress in member 1-2 must be zero, since 2 V — 0. The 
same conclusion is evident by considering 2 R - 0, since g-t has the same 
action line as 2-g and there is no other force which has a possible horizontal 
component at this joint, therefore, the force-polygon consists of two equal 
and opposite forces having the same action line. The force-polygon is read, 
G-\, 1-2 - 0 and 2-G - G- 1. 

The forces acting at joint ® are next considered. At this joint l-v4, 
equal and opposite to A- 1, is known and 2-1 - 0 is known from the solu¬ 
tions of joints ® and ®, respectively, and the panel load A-B is also known 



in magnitude and direction. Lay oil \-A in its proper magnitude and direc¬ 
tion, draw A-B in magnitude and direction and since 2-1 - 0 points 1 and 
2 are coincident. Through point B draw B-3 parallel to the direction of the 
action line of member b-3 and at point 2 draw 2-3 parallel to the action line 
of member 3-2 to intersect B-3 in point 3. The directions of the stresses 
are found from the known directions of 1-4 and A-B by following consecu¬ 
tively around the polygon as shown by the arrows. It is apparent, then, that 
the stresses 1-a, b-3, and 3-2 all act toward the joint and are, therefore, all 
compressive stresses. __ 

There are four forces acting at joint ©, two of which (g-2 and 2-3) are 
already known. The force-polygo n is sho wn a t IV. Lay off G-2 and 2-3 
in magnitude and direction; draw 3-4 and G -4 parallel to members 3-4 and 
4 -g, respectively, to complete the polygon. Applying the forces of this 
polygon to joint ® it is seen that g-2, 3-4, and_4-g act away from the joint, 
indicating tension in those members, while 2-3 acts toward the joint, and 
therefore the stress in this member is compression. 

Of the five forces acting at joint ®, three are known. The force-polygon, 
shown at (K), may be started at point 3, drawing 3-B in its proper direction 
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and magnitude, then B-C, and from the polygon for joint (IV) the magnitude 
of 4-3 is obtained. The stress in member 4-3 being tension, as determined 
for joint ®, will act away from joint ® or from 4 toward 3 as shown in the 
force-polygon at (V). Through point 4 draw 4-5 parallel to member 4-5 and 
through C draw C-5 parallel to memb er c- 5 to intersect 4-5 in point 5, thus 
closing the polygon. The stresses 3-5, c-5, and 5-4 act toward the joint, indi¬ 
cating compression, and stress 4-3 acts away from the joint indicating tension. 

The forces at joint @ are shown at VI. The unknown forces d-6 and 6-5 
are found by constructing the force-polygon beginning with point 5 and 
drawing the known forces 5-C and C-D. The stress in member d~6 is com- 
• pression since D-6 in the force-polygon acts upward or toward the joint, 
while the stress in member 6-5 is tension since the force 6-5 acts downward, 
or away from the joint. 

The Stress-Diagram. In constructing the force-polygons for the separate 
joints, certain forces in one polygon are necessarily repeated in subsequent 
polygons. The separate polygons may be grouped together to avoid repeti¬ 
tion, as shown in Fig. 13, and the result of the combined series of joint poly¬ 
gons is known as a stress-diagram. Considering the separate polygons, it 
is seen that the stress in any member acts in one direction in one polygon 
and in the opposite direction in the next polygon. When the polygons are 
combined, the line representing the stress in a given member will, therefore, 
have two arrows pointing in opposite directions. 

If the external forces are laid off on the load line in the order determined 
by reading around the structure in a clockwise direction, the true direction of 
the arrows for each stress, in the stress-diagram, will be given by following the 
stress-diagram in the order fixed by reading around the joint in question, also 
in a clockwise direction. Thus for joint ®, Fig. 12, the character of stress 
from the diagram, Fig. 13, is: 
b-c , downward 

c-5, downward to the left, toward joint, compression (—) 

5-4, upward to the left, toward joint, compression (—) 

4-3, downward, away from joint, tension (+) 

3-5, upward to the right, toward joint, compression ( —) 

Graphical Resolution, Loads on Upper and Lower Chords. In many build¬ 
ings, ceiling-loads and other miscellaneous loads are supported at the lower 
chord panel-points, while the upper chord panel-points support the roof- 
construction in the usual manner. The stresses resulting from upper and 
lower chord loading may be found by: 

(1) Drawing separate stress-diagrams for each system of loads. 

(2) Drawing a combined-load stress-diagram. 

Example 1. Separate Stress-Diagrams. Let it be required to determine 
the stresses in the truss, loaded with both upper and lower chord loads, as 
shown in Fig. 14. The stress-diagram for the upper chord loads is shown 
at (5). The load line A to F is laid off to a convenient scale, reading around 
the truss in a clockwise direction. The reactions for the upper chord loads 
are equal and each equal to one-half of the load line, R 2 - FG and Ri - SA, 
since the truss and loading are symmetrical. Draw .4-1 and 5-1 parallel 
to members a-1 and 1-r, respectively, and locate, at their intersection, point 1; 
draw 1-2 an d P-2 to locate point 2. Since 5 and P are coincident P-2 - 
5-1 and 1-2 ■■ 0; draw 2-3 and P-3 parallel to their respective members to 
locate point 3, and continue this process until the stress-diagram is completed. 




for 

Combined Upper and Lower Chord Loads 


Fig. 14. Separate Stress-diagrams 

the truss clockwise, and S4 — 2?i ■» FG ■■ Rf. Draw ^4-1 and S-l parallel 
to their respective members, in the truss, to locate point 1; draw 1-2 and 
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JP-2 parallel to members 1-2 and 2-p to locate point 2, noting that for lower 
chord loads member 1-2 is stressed in tension an amount equal to the panel¬ 
load applied at its lower end. The usual process of constructing the stress- 
diagram is continued until the diagram is completed, or closed. 

The stress in any member of the truss for combined loading may be found 
by the direct addition of the value of the stress due to upper chord loads and 
the stress due to lower chord loads. 

Example 2. Combined Stress-Diagram. The combined stress-diagram 
for both upper and lower chord loads is shown at (d), Fig 14. In laying off 
the combined load line AF, FG f GS , SA, it is necessary to find first the reac¬ 
tions FG and 5^4, since FG =* R 2 and 5.4 » Ri are external loads and FG 
must be introduced in order, between loads EF and GK. In this case, 
where the truss and the loading are symmetrical, the reactions are equal, 
each being equal to one-half of the total load, or of 23 000 lb «=* 11 500 lb. 
The load line is then laid off, from A to F, then FG - R 2 is laid off acting 
upward; G to S represents the ceiling-loads acting down, and 5^1 = R lt 
acting upward to close the load-line polygon. The stress-diagram is then 
drawn upon the combined load line in the usual manner. The magnitude 
of each stress vector in the stress-diagram at ( d) is equal to the sum of the 
stress vectors, for the same member, as given in diagrams ( b) and ( c ). 

Method of Computing Stresses by Algebraic Moments. The stresses in 
the members of trusses may be conveniently found by algebraic moments, 
although this method is not generally as simple as the method of sections or 
the method of joints. To obtain the stress in any given member, a 
section is taken such that it will cut the member whose stress is desired; 
and if possible, the section is so taken that the other members cut intersect 
in a common point, which point is taken as the center of moments. The 
sign of the moment and also of the resulting stress is determined by assuming 
the unknown force to act away from the section, as in the method of sections. 

For any section in equilibrium 2Af « 0, or the sum of the moments of all 
forces external to, and including the forces placed on the ends of the members 
cut by the section must be equal to zero with respect to any center of 
moments. Clockwise moments are to be considered positive (-f-) and coun¬ 
ter-clockwise moments negative (—). Let it be required to find the stresses 
in the members of the truss loaded as shown in Fig. 15. 

To determine the stress in member a-1; 

Assume plane mm cutting members a-1 and 1 -g, and take the center of 
moments at joint ©: 

SAf - 0; X8 + H X4-0 

or + 7 500 X 8 + n-1 X 4 ■ 0 

whence o-l - — 15 000 lb 

To determine the stress in member 1-g; 

Assume plane mm as before, and take the center of moments at joint ®: 

SAf - 0; +Ri X8-WX 4.62 - 0 
or + 7 500 X 8 — T-g x 4.62 - 0 

whence 1-g - 4* 13 000 lb 

To determine the stress in member 2-g: 
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Assume plane nti cutting members b-3, 3-2, and 2-g, and take the center 
of moments at joint ®: 

23/ - 0; +Ri X8-HX 4.62 - 0 
or + 7 500 X 8 - 2^ X 4.62 - 0 

Whence 2^g - + 13 000 lb 

To determine the stress in member 2-3: 

Assume plane ntt, as before, and take the center of moments at joint ®; 

23/ - 0; + 3 000 X 8 + 2-3 X 8 ** 0 

or 2-3 — — 3 000 lb 

To determine the stress in member b-3: 

Assume plane nn as before, and take the center of moments at joint ®; 

23/ - 0; + i x 16 — 3 000 X 8 -f b-3 X 8 - 0 

or 4- 7 500 X 16 - 3 000 X 8 4- b-3 X 8 - 0 

whence b-3 - — 12 000 lb 

To determine the stress in member 3-4: 

Assume plane oo, cutting members b-3, 3-4, and 4 -g, and take the center 
of moments at joint ®: 

23/ - 0; +3 000 X 8 - 3-4 X 16 — 0 

whence 3-4 =>4- 1 500 lb 

To determine the stress in member 4 -g: 

Assume plane oo, as before, and take the center of moments at joint ®: 

23/ - 0; +Ri X 16 - 3 000 X 8 - £g X 9.24 - 0 
or 4-7 500 X 16 - 3 000 x 8 - 4^ X 9.24 - 0 

whence 4 -g *» 4- 10 400 lb 

To determine the stress in member c- 5: 

Assume plane pp cutting member c-5, 4-5 and 4 -g, and take the center of 
momenta at joint ®: 

23/ ~ 0; 4- i?i X 24 - 3 000 x 16 - 3 000 X 8 4- X 12 = 0 
or c-5 *= —9 000 lb 

To determine the stress in member 4-5: 

Assume plane pp, as before, and take the center of moments at joint ®: 

2 M - 0; 4-3 000 X 8 4- 3 000 X 16 4- 4^5 X 18.2 - 0 
£5 - - 3 960 lb 

To determine the stress in member 5-6: 

Assume plane rr, cutting members d~6, 5-6, 5-4 and 4 -g and take the 
center of moments at the right support: 

23f - 0; 4- Ri X 48 - 3 000 (40 4- 32 4- 24) - £5 X 18.2 - 5^ X 24 - 0 
or £6 -+ 6 0001b 
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Stresses by Graphical Moments. This method is similar to the method 
of algebraic moments, the difference being that the external moments are 
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determined graphically. The method of graphical resolution by joints is a 
more desirable method, hence the following explanation will be brief: 

Example. Let it be required to find the stresses in the members of the 
truss, loaded as shown in Fig. 16, by the method of graphical moments. 
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The load line is laid off at (6) and with a selected pole distance //, the ray- 
diagram and funicular polygons are drawn. The funicular polygon, together 
with the closing string, is a moment-diagram, such that its vertical intercept, 
in feet to the space scale, multiplied by the pole distance //, in pounds, to the 
load-line scale, gives the moment at that section in pounds-feet. 

To find the stress in member a-1: 

Assume plane mm. The moment of the external forces about this section 
is Mm - 5 X 8 000 - -f* 40 000 lb-ft, and this moment must be balanced by 
the moments of the internal forces cut by the section. 

Take the center of moments at P\ t and scale the perpendicular distance, ot 
moment arm of a-1, which is p\p\ — 2.66 ft, then, 

23/ - 0; (2.66) + 40 000 - 0 

or a-1 — — 15 000 lb 

To find the st ress in member l~g: 

Assume plane mm, as before, and take the center of moments at the inter¬ 
section of mm and a-1; 

23/ - 0; - ~g (3.08) -f 40 000 - 0 
or 1 -g — 4* 13 000 lb 

To find the stresses in members 6-3 and 3-2: 

Assume plane nn cutting members 6-3, 3-2, and 2-g. The stress in 2-g 
- stress in 1-g -4- 13 000 lb. 

The moment of the external forces about this section is 
Mn — 10 X 8 000 — 4- 80 000 lb-ft 

Take the center of moments at py. 

2 M - 0; -13 000 X (7.2) - 3^2 X (4.5) 4-80000 -0 

or 3-2 — — 3 000 lb 

Take the center of moments at p&: 

23/ - 0; 4- 6-3 (8.0) 4- T-2 (1.8) 4- 80 000 - 0 

or 4- 6-3 (8.0) 4- (-5 400) 4- 80000 - 0 

whence 6-3 — — 12 000 lb 

The remainder of the stresses can be found in a similar manner. The 
accuracy of this method depends entirely upon careful drawing and exact 
reading of scaled values. 

Wind-Load Stresses. Graphical Resolution. The following examples 
will illustrate the procedure, in the determination of the wind-load and com¬ 
bined wind- and dead-load stresses, in trusses, by the method of graphical 
resolution. The reactions will be found in each case in the manner which has 
been explained in Article 2. The stresses throughout a given truss, which is 
subjected to any load or system of loads, having a horizontal component, 
will depend upon the assumed distribution of the horizontal components of 
the truss reactions. The four following cases will be considered: 

(1) Both ends of the truss fixed—reactions parallel. 

(2) Leeward end of the truss on rollers. 

(3) Both ends of the truss fixed—horizontal components of reactions equal. 

(4) Windward end of the truss on rollers. 
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Case 1. Both Ends of Truss Fixed—Reactions Parallel. Let it be 
required to find the stresses, due to wind-loads only, in the members of the 
truss loaded as shown in Fig. 17. The reactions are found by means of the 
force and funicular polygons as shown at ( b ) and (a) respectively. 

The stress-diagram ( c ) is then constructed upon the load-reaction polygon 
AE-EF-FA , beginning at joint ® and continuing in the order indicated by 
the joint numbering. 

The numerical values of the stress in any member can be found by scaling 
the vector in the stress-diagram corresponding to that member of the truss, 
using the given load-line scale. 



Fig. 17. Wind-load Stress-diagram. Reactions Parallel 


The character of the stress in any member can be found by reading dock- 
wise around the joint at either end of the member and tracing the same 
sequence of notation on the stress-diagram. As an example, consider joint 
( 5 ) and beginning at c , read clockwise: c-d, d- 5, 5-4, 4-3, and 3-c; tr&dng 
this sequence on the stress-diagram the directions of the action lines of the 
balanced force system with respect to joint ® indicate the following character 
of stress: 

c-d, toward the joint — external load 
d-5, toward the joint «■ compression (—) 

5-4, toward the joint -» compression (—) 

4-3, away from joint — tension (-H) 

3-c, toward the joint — compression (—) 

Case 2. Leeward End of Truss on Rollers. Consider the same truss and 
loading as in the preceding case, but instead of assuming the truss to be fixed 
at both supports, let the leeward reaction be a roller-bearing, without friction* 
as shown in Fig. 18. 
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The right reaction is known in direction, line of action, and point of appli¬ 
cation, the magnitude being the only unknown element. The left reaction 
is known only in point of application. Lay off the load line AR and through 
E draw a vertical line of indefinite length, to represent the direction of the 
line of action of Rj, the magnitude of which is at present unknown. Select 
a convenient pole and construct the ray (or force) and funicular polygons. 

Since the point of support is the only point known on the action line of 
the left reaction, the funicular polygon must be started at this point with the 
string parallel to OA, which is a component of load ab and R\ fa, drawn 
from the action line of ab to the action line of fa. The string oa is, therefore, 
of zero length, and string oh is the first string of significant length, drawn from 
the point of left support, crossing the space b and intersecting the action line 



Fig. 18. Wind-load Stress-diagram. Leeward Reaction on Rollers 


of load be. The dosing string of, being a component of both ef - R* and 
fa m Ri , is drawn from the beginning point on Ri to the intersection of oe 
and the known action line of Ra, dosing the funicular polygon. Ray OF 
drawn parallel to of will locate point F on the vertical, or known direction 
EF, drawn through E. Then EF ■■ Rz in magnitude and direction, and FA, 
dosing the force-polygon, gives the magnitude and direction of R i. These 
reactions might have been found by tentatively assuming them parallel and 
parallel to the wind resultant, as in Fig. 17 (e), thereby determining the 
unalterable values of the vertical components. Then, since the leeward 
support is on rollers, the total horizontal component must be resisted by the 
windward support. 

The stress-diagram is constructed upon the load-reaction force-polygon as 
before to determine the stresses in all the members of the truss. It should 
be noted that the stress-diagram is a composite force-polygon and that when 
accurately and correctly drawn it will dose. Thus, in Fig. 18 (c) the stress- 
diagram which is started at joint (T) in the order a-b, 6 -1, 1-/, /-a. is contin- 
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ued joint by joint in the order of joint numbering. Since there are no loads 
on the right half of the truss e-6, e-8 and *-10 will be identical in the stress- 
diagram, whence 6-7, 7-8, 8-9 and 9-10 are zero stress and 7-/, 9-/ and 10-/ 
will also be identical. In order for the stress-diagram to close, therefore, 
point 6, in the stress-diagram as determined by the position of stress 5-6, 
must also lie at the intersection of E- 10 and I*-10. 

Case 3. Both Ends of Truss Fixed—Horizontal Components of Reactions 
Equal. When the horizontal component of the wind resultant is large and the 
supports equally elastic, the assumption of an equal division of horizontal 
reaction, to each support, closely approximates actual conditions. The truss 
in Fig. 19 is loaded with uniform dead load at the upper chord panel-point, a 
miscellaneous load P - 5 000 at joint ® on the lower chord, and with wind- 
load on the left slope. Let it be required to find the reactions, and stresses 
in the members, of the truss for the assumed condition of fixed reactions with 
equal horizontal components. Replace each system of loads by its resultant, 
reducing the external loads to a system of three forces, 2 W «• resultant of 
wind-loads, 2 U =* resultant of upper chord loads, and P ** load at joint ®. 
Draw the load line at ( b ) for this system of forces, and with any poleO, con¬ 
struct the ray and funicular polygons, assuming tentatively any convenient 
distribution of horizontal reaction in order to proceed with the determina¬ 
tion of the true vertical components of the reactions. In this example it is 
tentatively assumed that the leeward support is on rollers (#2 vertical). 

The three loads are taken in the order W, U, and P , which may be desig¬ 
nated Ai-Ei , E\-M i, and M\N\ , as shown at ( b ). The closing string of the 
funicular polygon ox\ transferred to the ray polygon locates X\ on a vertical 
through N\\ then AiA"i « the vertical component of R 2 . The total hori¬ 
zontal component, //, is divided into equal parts: A'iA” ■■ Hf2; thenATA 
=» R a and XAi *= Ri in magnitudes and directions. 

The reactions having been found for the assumed conditions, the load- 
reaction force-polygon may be drawn as at (d ). At each upper chord panel- 
point the dead and wind-load may be combined as shown at (r) to facilitate 
the drawing of the load line. All external forces are laid off in regular order 
starting at joint ® and reading clockwise around the truss: AE - total 
load on left half; EH » total load on right half; UM Rt is drawn parallel 
and equal to Ah A' as found at (6); KN «= the load of joint ®; and NA is 
drawn parallel and equal to XA\ — Ri as found at (b), to close the load-reac¬ 
tion polygon. 

Beginning at joint ® the stress-diagram is drawn in the usual manner, dos¬ 
ing at point 10 and checked by the known directions of G-10 and IT-10. 

Case 4 . Windward End of Truss on Rollers. Since the wind may act 
from either direction, it is necessary to find the stresses in the members of & 
symmetrical truss when the rollers are at the leeward support and also when 
the rollers are at the windward support. When the truss is unsymmetrical 
with rollers at one support, it is necessary to consider (a) wind-load on the 
right, and ( b ) wind-load on the left. 

'Let it be required to determine the reactions for, and stresses in the mem¬ 
bers of, the truss loaded as shown in Fig. 20. 

The external loads are reduced, by considering the resultant of each sys¬ 
tem, to three forces: 2 V *» resultant of upper and lower chord loads, acting 
along the center line of the truss, since both the truss and loading are sym¬ 
metrical about the center line; 2 PFat ■■ resultant of the wind-loads normal 
to roof slope; and ZWh — resultant of the wind-loads on the vertical end 
of the structure. In this example the vertical components of the reactions 
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are found by tentatively assuming the reactions to be parallel and parallel to 
the total resultant of all external loads; then ZT (vertical) - Ri and 
TX - Ri. 



Scale 

Fig. 19. Wind-load Stress-diagram. Horizontal Components of Reactions Equal 


The load-reaction force-polygon may be drawn, as shown at (d), after the 
reactions have been determined. The diagram at ( c ) gives the direction and 
magnitude of combined wind and dead loads for the upper chord panel-points 


srticnl Component of R : 










1336 


Stresses in Roof-Trusses 


[Chap. 25 


on the right half of the truss. The load-reaction force-polygon is drawn in 
the usual manner reading clockwise around the truss, starting at o; Rj being 
included in its proper sequence as JK, then the ceiling-loads KM, MN, — RS, 
and finally 5.4 equal and parallel to TX Ri closes the force-diagram. 

The stress-diagram may then be drawn, beginning at the left support and 
drawing .4-1 (vertical) parallel to a- 1, then 5-1 parallel to s -1 to locate, at 
their intersection, point 1. The process is continued, as explained in preced¬ 
ing examples, until the stress-diagram closes at point 12 checking the known 
directions of the stresses in members h-12 , 11-12 and £-12. 

In all cases the character of the stress in any member is determined by the 
direction of the action of the stress with respect to the joint, and this direc¬ 
tion is given by reading in sequence the closed force-polygon for the joint, 
as given in the stress-diagram, and taken in the order of the notation around 
the joint in question, reading in the same direction as was used in laying of! 
the load line (generally clockwise). 

4. Stresses in Cantilever and Unsymmetrical Trusses 

A cantilever truss is one which is supported at one end, the other end being 
entirely free. Cantilever trusses are often used to support the roof-construc¬ 
tion over receiving and shipping platforms, over driveways and entrances to 



buildings. Such trusses may be supported by being fastened to the walls 
of the buildings or directly to the building columns. 

Example 1 . Let it be required to find the reactions for, and the stresses 
in the members of, the cantilever truss loaded as shown in Fig. 21. 
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The points of application of the reactions M and N are known, and the 
direction of Rz at point N must be along member g-h since any stress in g-h 
must be counteracted by an external force parallel to g-h t there being no other 
member to neutralize another component. 

The line of action of Rz is therefore fixed, and the line of action of Ri can 
be found by applying the principle that three forces in equilibrium must 
intersect in a common point. The three forces in this case areRi, Rz, and the 
resultant of all loads. 

The resultant of all loads may be found by drawing the force and funicular 
polygons, as shown at (b) and (c) respectively. Beginning at A, Fig. 21 ( b), 
lay off the load line; A to F represents the combined dead and wind-loads at 
the upper chord panel-points; then II to A\ (shown as a broken line) repre¬ 
sents the ceiling-loads, not in their proper position, since the reactions FG 
and GII (to be found) must be introduced between F and H. 

With a convenient pole-point, such as 0, construct the ray-diagram and 
then the funicular polygon at (*)• 

The first and last rays AO and 0.1 1 are the components of A-A\ t the total 
resultant load. The strings a~o and o-ai, corresponding to these rays, inter¬ 
sect at z, a point on the resultant, the direction of which is given by AAi in 
the force-polygon. The action line of the resultant, drawn parallel to A-A* 
through z intersects the known action line of Rz in point P; then PM is the 
direction of the action line of Ri. The magnitudes of Ri and Rz can be found 
from the force-polygon by drawing A^Gi parallel to the action line of Rz and 
GiA parallel to the action line of Ri forming the closed polygon AAiG t A. At 
point F lay off FG equal and parallel to G\A • J?i; from G, lay off GH equal 
and parallel to A\G\ =» Rz, then, IIA «= H\A\ (the ceiling-loads) must close 
the true load line, upon which the stress-diagram may be drawn as shown 

at (d). 

The action lines of the reactions might have been determined, after the 
position and direction of the resultant load was found, by means of the funic¬ 
ular polygon at (<r) constructed as follows: Since M is the only known point 
on R\ draw string oa, parallel to 0/1, through M to intersect the resultant 
load, and from this intersection draw string oa 1 parallel to 0/1 1 to intersect 
the known direction of the action line of Rz in point s. The closing string 
SM establishes the direction of the closing ray 0G\ intersecting the line 
through Ai t parallel to Rz, in point G\, The reactions thus determined are, 
as before, A\G\ — Rz and GiA >• R\. 

Example 2. The cantilever truss shown in Fig, 22 is supported at N in 
such a manner that reaction Rz can have both a vertical and horizontal com¬ 
ponent. The support at M is a link, or tie, which offers only horizontal 
resistance. 

The resultant wind-load, normal to the upper chord, is 6 400 lb, and the 
resultant vertical load is 8 000 lb, both acting at the mid-point of the upper 
chord. Lay off, at (b), the known magnitudes and directions of 2J7 and 27, 
select any pole-point, and draw- the ray or force-polygon ( b ) and the funicu¬ 
lar polygon (a). Since N is the only known point on the action line of Rz, 
draw string <7-1, a component of Rz and 2 W, through N to intersect the 
action line of W at point w. Through w, draw string 0-27, a component of 
2T7 and 27, to intersect 27 at point v. String o-III, a component of 27 
and 2?i, is drawn from v to intersect the known action line of R% at point r, then 
rN, the common component of R% and R\, is the closing string. Through O, 
in the force-polygon, at (b), draw ray rN parallel to the closing string, locating 
Gi on the line JJ/-G 1 , the known direction of the action line of Rz, then 
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III-Gi mm Ri and G\-I — R 2 . The reactions having been thus completely 
determined, the true load-reaction force-polygon, with the external forces in 
proper sequence, can be drawn, as at (c), and the stress-diagram constructed 
thereon in the usual manner. 

Example 3. Let it be required to determine the reactions for, and the 
stresses in the members of, the grandstand truss, loaded as shown in Fig. 23. 
In this structure, the knee-brace and seat-beam meet at point M, and the 
left-hand column is, therefore, braced laterally at this point. The total 



horizontal resistance will act at point M and be supplied by the seat-beam. 
The right-hand column, being unsupported laterally, can offer little hori¬ 
zontal resistance, and the reaction Ri is, therefore, logically assumed to be 
vertical. The vertical loads are replaced by their resultant 2 V and the wind- 
loads by their resultant 2 W. The load line is drawn at ( b), pole-point 0 taken 
in any convenient location, and the funicular polygon drawn as shown at (a). 
The first string o-a is drawn through M , the only known point on the action 
line of Ri; ok' is drawn parallel to OK', to include only the vertical load at 
the outermost joint of the upper chord. The ray OP drawn parallel to the 
dosing string o-p to intersect the known direction of R% at point P, gives the 
reactions NP - R 2 and PA - R u in magnitude and direction. Since there 
is no external load at the joint of member 1-1' and the vertical end member 
through M , the stress in member 1-1' is zero and the member is shown by a 
broken line in the space-diagram at (a). 

The reactions having been determined, to complete the force-polygon at 
(b), the stress-diagram (c) may be constructed by beginning at the left reaction 
and proceeding in the order P-A, A-l, 1 -P. This procedure is continued 
jpint by joint, as shown at (c). The stress-diagram closes on point 15, where 
the vertical if-15 checks point 15 as determined by the directions of mem¬ 
bers M5 and 14—15. 
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joints along each chord. Resolve the external loads into three resultants* 
XW, XV \ and 2Ks* and lay off the load line as at (/>). Construct the funicular 
polygon as shown at ("), starting at the left support, which is the only known 








Art. 5] 


Maximum and Minimum Stresses 


1341 


point on the action line of R im The closing string determines the direction 
of the closing ray and locates point N i, which gives the magnitudes and direc¬ 
tions of Ri and R 2 as shown. It should be noted that the vertical reaction 
R 2 is greater than the total vertical load as a result of the overturning tend¬ 
ency of the structure. The direction of R\ is, therefore, downward to the left, 
indicating that for the given loading this reaction must be anchored to the 
support. 

The reactions having been determined, the stress-diagram may be drawn 
in the usual manner, as shown at (s). All diagonal web-members in this truss 
are to be designed to take tensile stress only. It is necessary, therefore, to 
supply two sets of diagonals as indicated by the full and broken lines. The 
members represented by the full lines are acting when the wind-load is from 
the left, as in the example. The members represented by the broken lines 
comprise the active diagonal web-system when the direction of the wind is 
reversed. 

Example 5. Unsymmetrical Truss. Combined Load Stress Diagram. 
Let it be required to find the reactions for, and the stresses in the members 
of, the unsymmetrical truss loaded as shown in Fig. 25. The given external 
loads are replaced by their four resultant forces: 

(1) ZWff “ the total horizontal wind-load 

(2) 2W',v “ total normal wind-load 

(3) 21/ = total vertical loading on upper chord 

(4) 2C - total ceiling-load 

The resultant loads are laid off in any convenient order as shown at ( b ). 
In order to find the position of the action line of 217, the individual compon* 
ents are laid off to scale, and the ray-diagram with pole Oi constructed, as 
shown at ( b ), from which the funicular polygon at (c) is drawn. The first 
and last strings of the funicular polygon determine, at their intersection, point 
u, a point on the action line of 21/. With 0 2 as a pole-point draw the ray- 
diagram for the four resultant forces of the external loads and, beginning 
at the point of left support, construct the funicular polygon as shown at (o). 
The closing string transposed to the force-polygon through pole Oj deter¬ 
mines the magnitudes of /?i and R 2 and the hitherto unknown direction of Ri. 

At ( d) the load-reaction polygon is drawn with Ri and R% as found in ( b) 
neutralizing the load line. The stresses in the members of the truss are 
found by drawing the stress-diagram as shown at ( d ). 


5. Maximum and Minimum Stresses 

In the preceding examples the stresses in various trusses have been found 
for different systems of loading and for certain combinations of loading. For 
the purposes of design it is necessary to know the maximum stress which 
may be produced in each member, and in some cases it is important to know 
the minimum stress. By maximum and minimum stresses is meant the 
range of stress that may occur due to the different combinations of loading. 

If the stress in a given member is of the same character throughout its 
range of stress, there is no reversal, but if under certain conditions of loading 
the character of stress is changed, that member must be designed for the pos¬ 
sible reversal of stress. In designing, the minimum stresses are not 
important unless they are of opposite sign to the maximum stress, since if no 
reversals occur the members are designed for the maximum stress. If there 
are reversals of stress the members involved must be designed for both maxi¬ 
mum and minimum stress. 
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Fig. 26. Camel-back Truss 
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In general, compression-members are able to take tensile stress up to and 
somewhat beyond their compression values; however, most tension mem¬ 
ber* are able to take but a relatively small amount of compression. Com¬ 
pression reversals are, therefore, the important minimum stresses to be 
considered in design. In finding minimum stresses it should be noted that 
the dead load is always present and that there is no reversal of stress in any 
member unless the wind, or some other loading, produces, when combined 
with dead load, a stress of opposite kind to that caused by dead load alone. 
Since the dead load is always acting upon the truss, dead-load stresses must 
be included in all combinations for maximum and minimum stress. 

When the maximum snow-load is included, the wind-load is not considered, 
since it is highly improbable that the maximum wind-load and maximum snow¬ 
load will ever occur at the same time. The minimum snow- or ice-and-sleet 
load may occur simultaneously with the maximum wind-load. 

The following combinations of loading must, therefore, be considered in 
calculating the maximum and minimum stresses in a truss subjected to the 
usual roof-loads: 

(1) Dead load (including ceiling-load) alone. 

(2) Dead load plus maximum snow-load. 

(3) Dlad load plus wind-load (rollers leeward). 

(4) Dead load plus wind-load (rollers windward). 

(5) Dead load plus minimum snow plus wind-load (rollers leeward). 

(6) Dead load plus minimum snow plus wind-load (rollers windward). 

Since the snow-loads are generally given in pounds per square foot of hori¬ 
zontal projection, maximum and minimum snow-loads can be determined 
from a single stress-diagram. The stress in any member is directly propor¬ 
tional to the unit loads for all systems of loads having the same lines of action 
and points of application. 

Example. Let it be required to determine the maximum and minimum 
stresses in the members of the camel-back truss, loaded as shown in Fig. 26. 

The combined dead and ceiling-load stress-diagram is shown at (i). The 
truss and the dead plus ceiling-loads are symmetrical about the center line; 
therefore, each reaction is equal to one-half of the total load, or: 

R 2 m UCi - l A (64 000 + 8 000 ) - 36 000 
and R\ •« C«.4 — 36 000 

The maximum snow-load stress-diagram is shown at (c). The snow panel 
load in this case is equal to one-half the dead panel load on the upper chord. 
The minimum snow-load is one-half the maximum snow-load, and the stress- 
diagram at (c), read to twice the scale at which it is drawn for maximum snow¬ 
load, gives the values of minimum snow-load stresses. The stress-diagram 
for wind-load on the left with rollers under the right reaction is shown at (</)• 
The reactions are found in the usual manner by means of the funicular polygon 
(a) drawn from the ray diagram with pole O. 

At (c) the rollers are assumed to be at the left reaction for the wind-load, 
as shown, on the left half of the truss. When the truss is symmetrical, the 
reaction conditions can be changed instead of changing the direction of the 
wind for the purpose of determining the stresses under the two conditions of 
loads and reactions. 

The vertical component of Ri as found at (d) then becomes the vertical 
reaction, assuming rollers at the left support. With this value determined, 
Ri is drawn to dose the load line-reaction force-polygon, and the stress- 
diagram is constructed in the usual manner. 
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In drawing the stress-diagrams for the truss in this example it is impossible 
to proceed beyond point 15 by the usual methods when the diagram is started 
at the left support. After reaching point 15, the diagrams in Fig. 26 were 
completed by starting at the right support and working back to point 15. 



Fig, 27. Summary of Stresses 


Various methods of overcoming the difficulty arising from the presence of 
three unknowns at an intermediate joint are discussed in Article 7. 

S ummar y of Stresses. Preliminary to the design of the members of the 
truss, the value of the stresses due to the various load conditions are scaled 
from the stress-diagrams in Fig. 26 and recorded in tabular form as shown in 
Fig. 27. For symmetrical trusses it is generally unnecessary to employ the 
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last three columns of the table in Fig. 27 unless it is evident from the ttrest- 
diagrams that reversals may be present in some members of the leeward half 
of truss under the action of dead and wind-loads. 

The notation in the column headed “Combination for Maximum” refers 
to the designation of the columns from which the stress values, to be added 
in arriving at the maximum stress, are taken. 

As an example of the manner in which the table is compiled and used, con¬ 
sider the member C 7 - 4 , which occupies a position in the left half of the truss 
similar to Cj-23 in the right half. The recorded data show: 

(a) Dead *+• ceiling-load stress — 32 300 lb (tension) 

Maximum snow-load stress — 14 000 lb (tension) 

© + ® « 46 300 lb (tension) 

Windward Member 

(ft) Dead + ceiling-load stress - 32 300 lb (tension) 

Minimum snow-load stress « 7 000 lb (tension) 

Wind-load stress (rollers leeward) - 9 700 lb (tension) 

® 4- ® 4-® — 49 000 lb (tension) 

(r) Dead -f- ceiling-load stress - 32 300 lb (tension) 

Minimum snow-load stress - 7 000 lb (tension) 

Wind-load stress (rollers windward) - 2 600 lb (tension) 

® -f ® 4- ® - 41 900 lb (tension) 

Leeward Member 

( d) Dead 4- ceiling-load stress — 32 300 lb (tension) 

Minimum snow-load stress - 7 000 lb (tension) 

Wind-load stress (rollers leeward) - 2 100 lb (tension) 

® 4- ® 4- ® - 41 400 lb (tension) 

(e) Dead 4- ceiling-load stress - 32 300 lb (tension) 

Minimum snow-load stress — 7 000 lb (tension) 

Wind-load stress (rollers windward) — - 5 000 lb (compression) 

® 4* ® + ® — 34 300 lb (tension) 

The maximum design stress for members Cr-4 and Cj-23 is therefore* 
49 000-lb tension, which occurs in the windward member with the roller 
reaction leeward and under the combination of loading shown in (ft). The 
simultaneous stress in the homologous member is 41 400-lb tension, as given 
by the combination of loading shown in ( d ). 

The stress resulting from all loadings, excepting wind-load stress In the 
leeward member with rollers windward, is tension. The condition of loading 
which produces a compression of 5 000 lb exists in combination with the dead 
and ceiling-load stress of 32 300-lb tension. The minimum stress in members 
Cr-4 and C*~23 is, therefore, 32 300-5 000-27 300 (tension). There it no 
reversal of stress in this or in any other member of the trusts 



Stresses in Roof-Trusses 


1346 


[Chap. 25 


6. Examples of Stress-Diagrams for Various Types of 

Trusses 

The principles outlined in the preceding articles can be applied to any type 
or form of roof-truss which complies fully with the definition of a truss as 
given in Article 1 of Chapter XXIV. 

The stress-diagrams for each type of truss possess certain distinct charac¬ 
teristics peculiar to the form and type of bracing which are the distinguishing 
features of that particular type of truss. It is advisable, therefore, to become 
more or less familiar with the general characteristics of the stress-diagrams 
for the more usual types of bracing and forms of trusses which have not been 
employed as examples in the preceding articles of this chapter. 

Example 1. Simple Fan Truss. This type of truss, shown in Fig. 28, is 
a simple modification of the Fink system of web-bracing. The reactions for 



dead and ceiling-loads are equal and each equal to one-half the total load, 
since the truss and loading are symmetrical about the center line. The reac¬ 
tions for wind-load are most readily determined by means of the force and 
funicular polygon. Since the roof slope is relatively flat it will be assumed 
that the wind-load reactions are parallel and that the frictional resistance in 
the bearing detail at Rt is sufficient to provide the necessary horizontal 
component. The action line of both reactions having been established by as¬ 
sumption, the funicular polygon might have been started at any convenient 
point on the action line of Ri, without employing the tentative assumption 
that Ri was vertical. 

The combined dead and ceiling-load stress-diagram is shown at (jb) t the 
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wind-load stress-diagram is shown at ( c ), and the snow-load stress-diagram 
is shown at ( d ). 

Example 2. Scissors Truss. Fig. 29 (a) illustrates a simple scissors 
truss with both upper and lower chord loading. The dead plus ceiling-load 
stress-diagram is shown at (b), in which the reactions arc equal since the truss 
and loading are both symmetrical. 

When the roof slope is relatively steep, as in this example, an assumption 
of equal horizontal components of wind-load reactions is more logical, pro¬ 
vided the expansion detail offers sufficient horizontal resistance. When 
the slope of the upper chord is 45°, the resultant wind-load intersects the line 



joining the two supports at the mid-point, hence, for the assumption of equal 
horizontal components, the reactions are parallel. The vertical components 
of the wind-load reactions are found by the tentative assumption that R * is 
vertical. In this example it is convenient to determine the direction of R\ for 
the tentative assumption by the principle: “ Three forces in equilibrium meet 
in a common point.” The rcactbns are also found for the tentative assump¬ 
tion by means of a funicular polygon, and are shown at (c) by broken lines. 
It should be noted that the chord stresses in the scissors-type truss are exces¬ 
sively large as compared to the reactions, on account of the steep inclination 
of the lower chord which is also responsible for the large stress in the center 
vertical. 

For these reasons the scissors type of truss is not economical for spans 
much in excess of 36 ft. The high chord stresses are conducive to excessive 
deformation which in turn results in large horizontal thrusts. (See Article 9.) 
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of friction of one-quarter. The total horizontal resistance of the sliding 
detail under dead, ceiling and wind-loads is: 

M (8 X 8 000 + 7 X 2 000 + 0 866 x 16 000) - 22 900 lb 
The total horizontal component of the wind-load is only 8 000 lb; there* 



fore, even with the sliding detail the reactions due to wind may be assumed 
to have equal horizontal components or may be assumed parallel. In this 
example the former assumption will be made. The vertical components of 
the wind reactions are found by first assuming R% to be vertical (frictionless 
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sliding detail), after which the horizontal component of the ^ind-load is 
divided equally to the two reactions as shown at (c) and the stress-diagram 
drawn upon the closed force-polygon thus determined. 

Example 4. The Pratt Truss, shown in Fig. 31, is identical in outline to 
the Howe truss of the preceding example, the only difference being in the 
inclination of the diagonal web-members. In the Howe truss the diagonal 
web-members are in compression and the vertical web-members are in ten¬ 
sion, while in the Pratt truss these conditions arc reversed with the exception 
of the center vertical, which is a tension-member in both types of bracing. 

As a rule, long tension-members are more economical than long compres¬ 
sion-members, and in steel construction the Pratt truss is generally more 
economical than the Howe, while in timber construction the latter is more 
economical on account of the less complicated details at the intersections of 
chord and web-members. 

The stress-diagrams for the Pratt truss are constructed in the same general 
manner as those in the preceding example. 

Example 5. Parallel Chord Howe Truss, Loaded at Alternate Joints. In 
some types of roof-construction, especially where sub-purlins are used, it is 
economical to place the main purlins at relatively large intervals. It may 
also be economical to reduce the lengths of the compression-members of the 
truss by the adoption of intermediate joints, as shown in Fig. 32 (a). The 
stress-diagram is constructed in the usual manner, as shown for dead and 
ceiling-loads at ( b ), and for snow-load at (c). 

Example 6. The Warren Truss, shown in Fig. 33, is of the same general 
dimensions and supports the same system loads as the Howe truss of the 
preceding example. The stress-diagrams are drawn to the same scale as 
the stress-diagram in Fig. 32 (6) and ( c ). A direct comparison of the stress 
conditions in the two trusses under the same loading may be made; however, 
the question of final economy cannot be settled until the design of the mem¬ 
bers is completed, since the unsupported lengths of the compression-members 
of the Warren truss are greater than those of the llowe truss. 

Example 7. Quadrangular Truss. Fig. 34 illustrates a quadrangular 
truss used for a relatively flat roof, and in which all diagonal web-members* 
are in tension. The inclination of the two diagonals in the panels on each 
side of the center line must be of opposite inclination to that of the outer 
panels as shown by the stress-diagram. When it is desired to have the 
diagonal web-members in tension (or compression) and doubt exists as to 
their inclination, they may be assumed tentatively at either inclination and 
the character of stress determined as the stress-diagram is constructed. If 
the tentative assumption results in opposite character of stress desired, tht 
inclination of the member should be reversed in the truss and the result in 
the stress-diagram will be the character of stress desired. 

In constructing the stress-diagram shown at ( b ), it should be noted that the 
lower chord stresses in the end panels is zero and that members 1-2 and 10-20 
are in reality the lower chord members in these panels. 

Example 8. Quadrangular Truss. The slope of the roof supported by the 
quadrangular truss shown in Fig. 35 is less than that of the preceding example. 
The spans and the loading for the two examples are identical and the stress- 
diagrams for each are drawn to the same scale. A direct comparison of the 
stresses in both chord and web-members for homologous panels provides 
an interesting study. 

In the truss illustrated in Fig. 35 the inclination of the diagonal web- 
members, which are to be in compression, changes only in the panels adjacent 
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Fig. 34. Quadrangular Truss 



Fig. 35. Quadrangular Truss 
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to the center line, and the stress in these diagonals is very small. With a 
still less inclination of the upper chord the stress in members 9-10 and 11-12 
becomes zero; and when the upper chord becomes horizontal the stress in 



Fig. 36. Petit or Baltimore Truss 


these members changes from compression to tension, as can be determined 
by considering the sum of vertical shears on a vertical plane cutting either 
of these diagonals and the two horizontal chord sections in their respective 
panels. The direction of the stress in the web-member must act away from 
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the section in order to provide the vertical equilibrating component, and 
must, therefore, be tension. 



Example 9. Petit Truss. The parallel chord truss shown in Fig. 36 is 
sometimes called the Baltimore truss, but is more commonly known as 
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In the present example, on first inspection it might appear that the truss 
is an incomplete frame, since the members 4-4', 7-7', 12-12', and 15-15' 
divide a triangular figure into a smaller triangle and a quadrilateral figure. 
These dividing members, however, act merely as hangers, and the effect on 
the other members of the truss is exactly the same as though the lower chord 
loads were applied at the mid-points of the main diagonals. 

The stress-diagram for the combined upper and lower chord loads is shown 
at ( b ). In beginning the stress-diagram at the left support and following 
the order of procedure indicated by the numbering of the joints at (a) it is 
evident upon reaching point 9 in the stress-diagram as determined by the 
solution of joint ® that further progress is impossible since at joint @ and 
joint ® there are three unknowns. The diagram for the right-hand half of 
the truss can be started at the right support, joint @, and carried through to 
point 10, then point 9 as previously found will lie on a vertical through point 
10, thus closing the stress-diagram. 

Example 10. Howe Truss with Sloping Upper Chord. When the roof 
has a angle slope, a truss of the general form shown in Fig. 37 is employed. 
In this particular truss all the diagonal web-members are in compression. 
The dead plus ceiling-load stress, diagram is shown at ( b ) and the wind- 
load stress-diagram is shown at (c). Since the roof slope is comparatively 
flat and the normal wind-loads nearly vertical, the wind-load reactions are 
assumed to be parallel. 

Example 11. Truss Supporting a Balcony. The quadrangular truss 
shown in Fig. 38 supports the roof and balcony of a small assembly-hall. 

The truss is supported on masonry walls with a roller-bearing provided at 
one end, assumed in the example to be the right or windward end. The com¬ 
bined upper chord and balcony-load stress-diagram is shown at ( b ) and the 
wind-load stress-diagram is shown at (r). 

Example 12. Crescent Truss. The truss shown in Fig. 39 is sometimes 
referred to as a camel-back truss, but is more commonly known as a cres¬ 
cent truss. This type of truss is used where an arched effect is desired both 
on the exterior and interior. 

The dead plus ceiling-load stress-diagram is shown at (c). The stress- 
diagram for wind on the left is shown at ( d ). The wind-load on each panel 
is taken normal to the upper chord in that panel and the total resultant wind- 
load is determined by means of the force-polygon at ( b ) and the funicular 
polygon at (a). The known vertical direction of Rt prolonged through its 
point of application to intersect the wind-load reaction atZ establishes a 
point on the action line of R\ t since Ru I? 2 > and 2 PF, being in equilibrium, 
must intersect in a common point. The direction of Ri is then fixed by a 
line drawn through the left support and point Z. 

The reactions for the wind-load on the right may be determined as follows: 
The direction of Rj is known, and since the wind-load on the right will produce 
vertical components at Ri and R^ of the same magnitude as produced by 
wind on the left at Rt and R|, respectively, these values may be taken from 
the force-diagram at (b ). Lay off the load line for wind right at (e); through 
K draw the vertical KM equal to the vertical component of Ri in (b); then 
KM - Ri and MA — R\. The striking differences in the two wind-load 
stress-diagrams should be noted, especially as to the magnitudes of the chord 
stresses in the panels near the supports and the changes in character of stress 
in both chord and web-members. 
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7. Types of Trusses Requiring Special Consideration 

The stress-diagrams for the various types of trusses illustrated in the 
preceding article are all constructed in the same manner, with the single 
exception of the Petit truss discussed in Example 9. In general, stress- 
diagrams are started by drawing the closed force-polygon for the joint at the 
left support and proceeding to the next adjacent joint where there are but 
two unknown magnitudes, progressing always in a clockwise direction. 

It was seen in Example 9, Fig. 36, that when point 9, determined by the 
force-polygon for joint ©, was reached, further progress was impossible by 
following the clockwise sequence of joints, since at both joint @ and joint @ 
there were three unknowns, or one more than the number of equations repre¬ 
sented by a polygon of forces, that is, 2 V = 0 and 2 II « 0. Continuing 
to joint @, however, only two unknowns were encountered, and it was 
therefore possible to construct the force-polygon for that joint and thence in 
a counter-clockwise direction the successive polygons for the joints up to 
and including joint ©, thus eliminating one of the previous unknown magni¬ 
tudes at both joint @ and joint This example might also have been 
solved as illustrated by the free body diagram at (c), Fig. 36. After the 
force-polygon for joint @ has been completed, consider the forces acting 
on the free ends of the members at joint © removed from the structure. 
Assume coordinate axes Y and X along members 10-11 and 11-12. If these 
members are not at right-angles to each other, as in the example, take the 
X axis coincident with 11-12. Resolve the two unknowns not on the X 
axis into components along the Y axis. Since the magnitude of 12-12' is 
known and since 2K - 0, the magnitude of 10-11 can be determined, and 
at joint @ there remain only two unknowns. 

There are, however, certain types of trusses in which neither of these two 
methods are possible, and in which certain special methods of procedure are 
necessary. 

The Fink Truss. The Fink type of web-bracing is the most common 
example in which three unknowns are encountered at interior panel-points 
and in which neither of the general methods outlined above is applicable. 
Four methods of procedure, applicable to Fink trusses supported on masonry 
walls or piers, will be given: 

Method 1. Let it be required to construct the dead and wind-load stress- 
diagrams for the Fink truss, loaded as shown in Fig. 40. 

The dead load stress-diagram is shown at (6). The load line A to K is 
laid off and the reactions Ri KM and Ri - MA, are each equal to one-half 
the load, as determined by symmetry. The stress-diagram is started, as 
usual, at joint ® and continued to joint ®, where the condition of three 
unknowns is encountered. There are also three unknowns at joint ®. If 
the stress-diagram is started at joint © it may be continued to joint @, 
where again three unknowns are encountered and the same condition exists 
at joint 

From an inspection of the truss it is seen that the portion bounded by 
joints ®, ®, and ® is similar to the portion bounded by joints ®, ®, and 
© and that under uniformly distributed chord loads the stress in member 
2-3 is equal to, and of the same character as, that in member 4-5. The mem¬ 
bers make the same angle with member 3-4 and therefore the difference in 
stress in the two upper chord members at joint ® is equal to the component 
of the panel load parallel to the chord. It is also evident that this same 
difference exists in the two chord members at joints ® and ®. The following 
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general law for Fink trusses, of the type shown in Fig. 40, and for any number 
of uniform subdivisions of the upper chord, may be stated: “The rate of 
decrease in stress in each successive upper length of top chord panels is con¬ 
stant, and equal to the component of the uniform panel load normal to the 
struts.” 

In Fig. 40 ( b ) the slope of the line 1-2 represents the rate of decrease of 
stress for the first two panel lengths of upper chord, therefore line 1-2 pro¬ 
duced will locate point 5 on the line through D and point 6 on the line through 
E drawn parallel to the members d-S and e-6, respectively. 



The same law applies to the wind-load stress-diagram shown at (c). The 
struts of the Fink truss may be placed perpendicular to the lower chord, as 
in Fig. 41. The law of the rate of decrease in stress for successive upper chord 
panel lengths as stated before is applicable also to this arrangement of web- 
members, as illustrated in the dead load stress-diagram at ( b) and the wind¬ 
load stress-diagram at (c). 

Method 2. The method of the solution of the Fink truss shown in Fig. 42 
is known as the method or the substitute member. The stress-diagram 
is drawn in the usual manner up to point 3. Members 4-5 and 5-6 are 



1360 


Stresses in Roof-Trusses 


[Chap. 25 


replaced tentatively by member 4'~6', shown by the broken line at (a). If a 
plane, such as ZZ t be passed to cut members e-6, 6-7 and 7-m, and the por¬ 
tion of the truss to either side of the plane be considered as a free body in 
equilibrium, it is evident that the stresses in members e-6, 6-7 and 7-m are 
unaffected by the assumed rearrangement of the web-members. 

With the substituted member replacing 4-5 and 5-6, there remain only 
two unknowns at joint ®, namely, d~4' and 3-4'. Through point 3, in the 
stress-diagrams ( b ) and (c), Fig. 42, draw 3-4' and d- 4' parallel to the 
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Method 3. In so far as the web-members of the Fink truss are concerned, 
each half of the truss may be considered independently. The right half of 
the truss together with member 7 -m may be assumed to be removed and an 
external force, Qi, supplied at joint ® such that it together with an external 
force, Qi, applied at joint ® will serve tentatively as the equilibrating reactions 
for the load system on the left half of the truss. 

A solution of the stresses in the members of the half truss for the given load 
system as equilibrated for that half will determine the true stresses in the web* 



Fig. 42. Fink Truss. Method of the Substitute Member 


members. To construct the dead load stress-diagram: Lay off the total load 
line A to IT as at (6), Fig. 43, and proceed in the usual manner up to point 3. 
Considering only the loads on the left half of the truss, A to If, let these loads 
be equilibrated by Qi at joint ® and Q% at joint ®. On the load line AM 
lay off MM f ■■ Q% and M'A - Qi, each being equal to cne-half of the load on 
the half truss. Construct the stress-diagram for the half truss as shown by the 
broken lines at ( b ). The stresses thus found for the web-members are cor¬ 
rect in magnitude for the structure as a whole; the positions of points 1', 2', 3 
etc., are incorrect with respect to the load line. Since the true position of 
point 3 has been previously determined, the stress-diagram for the web- 







1362 


Stresses in Roof-Trusses 


[Chap. 25 



building-construction, however, the roof-trusses are supported by columns 
to which they are rigidly connected by means of riveted joints and braced by 
inclined members called knee-braces. The truss together with the sup¬ 
porting columns and the knee-braces forms a transverse unit known as a bent. 
The dead and snow-load stresses in the members of the truss of a transverse 
bent are the same as for a truss supported upon masonry walls. Wind-loads 
or other horizontal forces produce stresses throughout the truss which depend 
to a large extent upon the action of the supporting columns. The columns 
may be assumed as: 

(1) hinged at the top and the base; 

(2) hinged at the top and fixed at the base; or 

(3) rigidly fixed at the top and at the base. 
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The assumption to be made will depend upon the judgment of the designer 
and the knowledge he may have of the probable conditions. It is difficult, if 
not impossible, exactly to realize any one of the conditions which may be 
assumed, as there are so many variable factors entering into the problem. 

If the columns are merely anchored in the usual manner to the foundation 
with no effectual attempt to fix them against rotation by a deep embedment 
in concrete or by some other means, they should be considered as hinged at 
the base and the top. 

When the columns are fixed at the base so that the tangent to the elastic 
curve, under flexure, remains parallel to the original position of the neutral 
axis of the unloaded column, a point of contra-flexure will occur about mid¬ 
way between the base and the foot of the knee-brace. In this case the column 
may be taken as hinged at the point of contra-flexure, which is equivalent to 
a decrease in the effective length of the column by an amount equal to the 
distance from the base to the point of contra-flexure. The maximum posi¬ 
tive bending moment in the columns is at the foot of the knee-brace of the 
leeward column and is equal to the product of the horizontal component of 
the wind reaction into the distance from the point of contra-flexure to the foot 
of the knee-brace. The maximum negative moment occurs at the base of 
the leeward column and is numerically equal to the positive moment when the 
point of contra-flexure is assumed at the mid-point between the base and foot 
of the knee-brace. It is rarely possible to fix the supporting columns at both 
the top and the base. When a positive attempt is made to fix the columns, 
the resulting condition is probably more nearly that of a column fixed at the 
base and hinged at the top. 

In the case of any one of the above end conditions, when the columns are 
similar, the most reasonable assumption relative to wind-load reactions is 
that their horizontal components are equal. 

Example 1. Fig. 44 illustrates an eight-panel Fink truss supported on 
steel columns and knee-braced to them by the members 3-x and 17-x. Taken 
as a whole, the bent is an incomplete frame, and in order to permit the con¬ 
struction of the stress-diagrams the columns must be braced temporarily by 
the auxiliary members b- 1, c- 2, and 1-2 at the left column and by a similar 
set of members at the right column. The addition of these members provides 
a trussed support eliminating the bending moment in the columns. The 
stresses in the members of the truss are not affected, as may be shown by con¬ 
sidering the portion of the structure to the left of plane Z.Z as a free body in 
equilibrium. The stress in member e-5 can be determined by taking the sum¬ 
mation of moments of the external forces, to the left of Z.Z about joint (•) and 
dividing the result by the moment arm of e-5 about joint ©• The external 
loads and the reaction considered are not changed in magnitude, direction 
or action line by the addition of the auxiliary members, and hence the stress 
in member e-5 is not affected. Since, at joint ®, the stress in e-5 remains 
unaltered and the external loads remain unchanged, the stresses in members 
d -4 and 4-5 are not affected by the auxiliary members. In a similar manner 
it can be shown that the stress in each member of the truss is independent of 
the temporary members added to the supporting columns. 

Since the dead and ceiling-loads are symmetrical about the center line of 
the structure, Ri — Ra — 2 V. The dead plus ceiling-load stress-diagram 

is shown at (b). The reactions are vertical for this loading, and since the 
deformation of the truss is neglected, there are no stresses in the knee-braces 
and the stress-diagram is the same as for a truss supported on masonry 
walls. 
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In this example the columns are assumed to be hinged at the top and the 
base and the wind-load reactions, therefore, are at the bases of the columns. 
The horizontal components of these reactions will be assumed to be equal. 
These horizontal components will produce moments in the columns of a 

maximum value, at the foot of the knee-braces, equal to |+ffry — 

the windward column and +U^y in the leeward column, as indicated at (a). 
Fig. 44. With the temporary bracing in place the moments are eliminated 
and the true stresses in the columns due to the combination of direct stress 
and bending will be determined as a subsequent problem. The wind-loads 
are laid off in order at (r); the pole O selected and the funicular polygon con¬ 
structed as shown at (a). The right reaction was tentatively assumed to be 
vertical in order to determine the true magnitudes of l'i and Kj. The total 
horizontal component of the wind-loads is assumed equally divided to each 
reaction, thus determining R\ and Rz, as shown at (r). The wind force-polygon, 
loads and reactions, is redrawn at ( d ) and the stress-diagram constructed in 
the usual manner. The stress-diagram gives the true values and characters 
of the stresses in all the members of the bent, except the columns. 

The true direct stresses in the windward and leeward columns are respec¬ 
tively equal to V\ and Vj. The maximum bending moment occurs at the foot 
of leeward knee-brace and is equal to ll^y. The columns may be considered 
as beams, in so far as the moments are concerned The leeward column is 
supported at the top by the horizontal resultant of the stresses in the chord 
members, supported at the base by // 2 , and loaded at the foot of the knee- 
brace by the horizontal component of the knee-brace stress. The max¬ 
imum combined unit stress in the leeward column is: 


/max 


V 2 (//«-y)r* 
I 


( 1 ) 


The combined stress in the windward column may be found in the same 
manner. The moment in this column includes the moment of the external 
wind-load in the height of the column, which in constructing the stress- 
diagram was concentrated at joints ®, ® and ®. 

Example 2. The columns of the transverse bent shown in Fig. 45 are 
assumed to be fixed at the base, and the point of contra-flexure is assumed 
to be midway between the base and the foot of the knee-brace. The columns 
may, therefore, be considered as hinged at the points of contra-flexure, and 
in so far as the upper portion of the structure is concerned the horizontal and 
components at this hinge supply the horizontal reactions. 

The general procedure iji finding the reactions and constructing the stress- 
diagrams is the same as in the preceding example. 

The Hammer-Beam Truss. A typical hammer-beam truss such as illus¬ 
trated in Fig. 46 may be considered to be composed of three interdependent 
parts: 

(a) A simple truss supported at joints © and ® with the apex at joint ® 

(b) A supporting truss on the left bounded by joints ®, ®, ®, and ®. 

(c) A supporting truss on the right bounded by joints @ and ®. 

Members 1-2 and 9-10 are known as the hammer-beams. The entire 

framework is supported at joints ® and @ by masonry walls which continue 


• The value determined by this expression is approximate, but near enough for practi¬ 
cal design. For an exact treatment of combined stresses see Modern Framed Structures, 
by Johnson Bryan and Turneaure, Part II, page 516, Ninth Edition. 
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type illustrated in Fig. 46 are, strictly speaking, statically indeterminate 
structures, since joints ®, © and ® as well as the corresponding joints of 
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and also assuming hinges at joints ® and ®, the stresses become statically 
determinate for symmetrical vertical loads. Under unsymmetrical loads 
either the hinge at ® or at ® must be assumed to be locked by the orna¬ 
mental curved members shown in broken lines at (a). 

The reactions at joints ® and @ are inclined for all conditions of loading, 
and therefore a horizontal thrust is always present at these points of support. 
This thrust must be provided for by heavy masonry wall construction and but¬ 
tresses. This is an important consideration, since the following analysis is 
based upon the assumption that lateral rigidity of the supports is available. 

The stress-diagram for uniform vertical loading over the entire structure 
is shown at ( b ), Fig. 46. Since the truss is assumed to be supported by 
hinges at joints ® and @ and since hinge-joints are also assumed at ® and 
®, the reaction at joint ® must have a direction fixed by the right line con¬ 
necting the hinge-joints at ® and ®, otherwise a moment would be introduced 
at the hinge not on the line of action of the equilibrating force. For the same 
reason Ri must have the fixed direction as determined by the line connecting 
joints @ and @. The direction of the reactions being fixed, the force' 
polygon may be drawn and the stress-diagram constructed as shown at (6). 
The stress-diagram for wind-load on the left-hand slope of the roof is shown 
at (d), Fig. 46. 

As stated above, to provide stability under the action of unsymmetrical 
loading one of the curved members ®-@ or©-® must be assumed to act. 
Although the member thus provided is curved, the stress can be determined 
as for a straight member connecting joints ® and © or @ and ©. Since it 
is more practical to provide the proper end details for compression-members 
in timber framing than to provide suitable tension connections, the leeward 
member ©-© will be assumed as connecting joints © and @ along a right 
line. When the stress in the straight member has been found, the stress in 
the curved member may be determined by adding the moment stress due 
to the eccentricity to the direct stress found in the straight member as 
given by Equation (1) of the preceding example. 

Since the member ©-© eliminates the hinge at @, the structure may be 
considered as divided into two parts by the intermediate hinge at ®. Each 
part of the structure may then be considered as supported by one wall reaction 
and by the other part at the common hinge. There are four reactions then 
to be determined, two of which, the right reaction of the left portion and the 
left reaction of the right portion, both at the intermediate hinge ®, must be 
equal and opposite. 

Lay off the wind-load line at (c), Fig. 46. One-half of the total wind-load 
is on each portion of the structure, the left portion supporting the amount 
shown on the load line as AM'. With any pole, as Oi, construct the force 
and funicular polygons for the left portion, assuming for convenience that 
the reactions at © and ® are parallel. The closing string o\~x\ from (I) deter¬ 
mines the magnitudes of the reactions as assumed. In like manner construct 
the force and funicular polygons, using pole O 2 for the wind-loads on the 
right portion. The closing string 02 -X 2 from (II) locates X 2 dividing M'F 
into two reactions, each assumed parallel to the wind-load. It will be noted 
that X 2 in this example coincides with M ', showing, for the assumption made 
relative to the direction of the reactions, that the left reaction of the right 
portion on hinge ® is zero, for the assumption of parallel reactions. This 
would be expected, since the resultant of the wind-loads on the right portion 
passes through the right support. 

Point X\ was determined by the closing string 01*1 and the tentative 
assumption of parallel reactions; but the closing string of the true funicular 
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polygon for the left-hand portion must pass through hinges © and ® since 
no other points on the reactions at these hinges are known. The correct 
pole must therefore lie on line X\Z\ % drawn through X\ parallel to ©-©, and 
for similar reasons the true pole for the right-hand portion must be on Aj-Zj. 
Therefore, a single pole satisfying these conditions for the load line AF is at 
the intersection of X\-Z\ and Xr-X 2 , which is point M, Fig. 46(c). Then 
F-M and M-M' are the true reaction components of M'-F , while M'-M and 
M-A are the reaction components of A-M'. It is evident, therefore, that 
F-M — R 2 and MA «• Ri, the desired reactions at joints © and ®, respec¬ 
tively. The wind-load stress-diagram is constructed in the usual manner, 
as shown at (c). 

Cantilever Trusses with Central Supported Span. The structure illus¬ 
trated in Fig. 47 consists of two cantilever trusses supporting a central 
simple truss, the three so membcred as to form a single unit. 

It will be assumed that the intermediate supports Rj and R* are slender 
columns which are unable to supply any horizontal reaction. The horizontal 
component of the wind-load may then be equally divided between the sup¬ 
ports at the outer walls. 

Let it be required to find the reactions for, and the stresses in the members 
of, the structure loaded with dead and wind-loads as shown at (a). 

Lay off the load line for the resultant wind and dead loads on the central 
truss at (ft), and with any convenient pole Oi construct the funicular polygon 
for these loads, assuming tentatively that the right reaction, R", of the cen¬ 
tral truss, is vertical. The closing string locates A”i, following the assumption 
that R" is vertical. As one-half of the horizontal component of the wind- 
load has been assigned to R<, and since R* has been assumed vertical, R" 
must have a horizontal component equal to the horizontal component of R4, 
since these are the only horizontal forces acting on the right cantilever. 

At (r) lay off the wind-loads to the same scale as the load line at (ft) and 
divide II into two equal parts x\x and xx% . The horizontal component of 

R" must be equal to x\x; therefore, at (ft) make x\x — y, then, Px — R" 

and xG ■ R f . 

The loads on the left-hand cantilever, including the reaction R', are laid 
off at (d): 

§ - resultant of upper chord loads; 

«■ resultant of lower chord loads; 

■■ resultant of horizontal wind-load and R' at the inner end of cantilever. 
With any convenient pole 0* construct the ray-diagram at (d) and the 
funicular polygon for the loads on the left cantilever as shown in (a). 

The ray through Oj parallel to the closing string locates Kona vertical 
through F, then, FY — R* and YA ■» Ri. It will be noted that the direction 
of Ri is downward to the left, indicating a negative reaction at the windward 
wall. In this case the vertical reaction R* must equal the total vertical com¬ 
ponent of the applied loads plus the vertical component of Ri. The load 
line for the right cantilever is shown at (e), where: 

§ - the resultant of upper chord loads; 

— the resultant of lower chord loads; 

- the central truss reaction R", at the inner end of the cantilever. 
With any pole such as Oj the funicular polygon for the loads on the right 
cantilever is drawn, and the closing string paralleled through 0« locates Z 
on a vertical through W, then, WZ — R% and ZQ *■ R 4 . The four reactions 
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having been determined the complete force-polygon is laid off in clockwise 
order to include all loads and reactions, as shown at (/). The stress-diagram 
is drawn in the usual maimer beginning at the left support, and closing points 
are encountered at points 8, 20, and 28, indicating that the three portions of 
the structure might be considered separately after the correct reactions are 
determined. 


8. The Three-Hinged Arch 

The hammer-beam truss under wind-loads with assumed hinges at ®, 
® and @, as analyzed in the preceding article, is in reality a three-hinged 

ARCH. 

The more common form of the three-hinged arch as employed in modern 
building-construction is illustrated in Fig. 48. The principal problem in¬ 
volved in the solution of a three-hinged arch is the determination of the 
reactions. Reactions occur at the three hinges and are assumed to act 
through the centers of the hinges. The reactions of one segment of the arch 
upon the other at the intermediate hinge must necessarily be equal and 
opposite. 

The reactions at the end hinges are inclined for all types of loading and may 
be supplied by an abutment or base which is capable of resisting both the 
horizontal and vertical component. In many cases, however, it is desirable 
to relieve the footing of a part of the horizontal component by the introduc¬ 
tion of a tie-member connecting the end hinges. 

When the loads on a three-hinged arch are vertical, the tie provides the 
total horizontal resistance resulting from arch action, and the reaction of the 
footings is vertical. 

In the case of wind-loads, the horizontal component must be divided in 
some manner between the two footings. 

In general, the most logical assumption is that the horizontal component 
of the wind-load is equally divided between the two reactions. In any case 
where the external loads have a horizontal component the tie-rod stress is 
equal to the difference between the horizontal reaction due to arch action and 
the amount of horizontal component assigned to the leeward support. 

Example 1. Reactions. Case 1. Fig. 48 (a). The general method of 
finding the reactions of a three-hinged arch may best be explained by consid¬ 
ering a single load on one segment. 

Let it be required to find the reactions of the three-hinged arch loaded as 
shown at (a), Fig. 48. 

The load a-b, supported by the left-hand segment, causes reactions at 
hinges ®, (§) and ©. The reactions at © and ® are the only forces acting 
upon the right-hand segment. Since this segment is held in equilibrium by 
these two forces, they must have the same line of action and be of opposite 
direction. The common action line of the reactions at (§) and © is, there¬ 
fore, determined by the right line joining the centers of the hinges at (§) and 
© The left-hand segment is held in equilibrium by three forces, namely, the 
hinge reactions at (A) and © and the applied load a-b . 

Three forces in equilibrium must meet in a common point; hence, the direc¬ 
tion of the reaction at hinge ® may be determined since the direction of the 
other two forces are known. Prolong the line of action of the reaction at ©, 
direction ®-©, to intersect the line of action of a-b in m; then @-*n must 
be the direction of the reaction at hinge ®. 

The directions of the lines of action of R i and Rj being known, their mag¬ 
nitudes may be determined by drawing the force-polygon as shown at (&)« 




(f) 



Tie-Rod A 
Teneion^ * 


Fig. 48. Three-hinged Arch 
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The reaction of each segment of the arch against the other at hinge © must 
be equal and opposite. From the force-polygon at (6), it is evident that the 
left segment is in equilibrium when R 2 is applied either at © or ® and the 
reaction at © due to the left-hand segment is R 2 acting downward to the 
right, which is neutralized by R 2 at ® acting upward to the left along the 
same action line. The three-hinged arch taken as a whole is, therefore, in 
equilibrium under the action of the three forces Ri, a-b> and R 2 . In this 
example the horizontal components of R\ and R 2 • II are assumed to be 
provided by the foundation. 

Case 2. Both Segments Loaded. Let it be required to find the reactions 
for the three-hinged arch loaded as shown in Fig. 48 ( c ). 

When both segments of the arch are loaded, the reactions at any hinge are 
equal to the resultant of the reactions due to the loads taken separately as in 
Case 1. 

Consider the left-hand segment and let the resultant of external loads on 
that segment be a~b, and assume temporarily that there is no load on the 
right-hand segment. As in Case 1, prolong ©-© to intersect the action 
line of a-b in m and draw ®-m. 

Lay off A-B (equal to load a-b ) in the force-polygon at (d). Draw BO\ 
parallel to the action line of R 2 (®-©), and OiA parallel to the action line 
of Ri (®-w), closing the force-polygon for the load on the left-hand segment 
only. Next, consider the right-hand segment, and let the resultant of exter¬ 
nal loads on that segment be b-c, and assume temporarily that there is no 
load on the left-hand segment. Prolong ®-© to intersect the action line 
of load b-c in w, and draw ®-«, thus determining the direction lines of the 
reactions for the load on the right-hand segment only. Lay off B-C (equal 
to load b-c) in the force-polygon at (</), and draw C-O a and Ot~B parallel, 
respectively, to the action lines of R 2 and R\ for the single load b-c. When 
both segments are loaded simultaneously 

R 2 — vector sum BO\ and C0 2 
Ri *=» vector sum 0\A and 0 2 B 

The separate reactions for each loading condition are readily determined by 
force-triangles as shown at (</), from which the reactions for the combined 
loading are given by C-O =» R 2 and O-A =» #1 in magnitude and direction. 
The reactions at hinge © are O-B and B-O upon the left and right segments 
respectively. The action lines of R 2 and the hinge reaction at © must inter¬ 
sect on the line of action of b-c , as shown, at point y, since the three forces are 
in equilibrium. Likewise, the action lines of Ri and the hinge reaction at © 
must intersect on the line of action oi'a-b, as shown, at *, Fig. 48 (r). 

The horizontal components of R\ and R 2 in this case are supplied by the 
foundations. 

Case 3. Both Segments Symmetrically Loaded. End Hinges Connected 
by a Tie-Rod. In the case of a symmetrical arch, symmetrically loaded, 
Fig. 48 ( e ), it is evident from the preceding case that the reactions at hinge 
© will be horizontal. The reactions of the end hinges can be found directly 
for either segment. The point * or y is determined by the intersection of a 
horizontal line through © and the action line of the resultant load on one 
segment, as shown in (e), Fig. 48. 

The construction in this and the preceding examples has an important 
interpretation, as follows: The point 0 can be considered as a pole-point, and 
the lines®-*, *-y, and y-® the strings of a funicular polygon for the given 
loads. I* is evident, then, that the reactions at the hinges can be determined 
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by constructing a funicular polygon for the given load system such that the 
three strings, representing the three-hinge reactions, will pass through their 
respective hinge points. The lengths of the corresponding rays, in the force- 
polygon, give the magnitudes of these reactions. 

Case 4 . Combined Wind and Dead Load Reactions for Arches with Tie- 
Rods. Let it be required to find the reactions for the three-hinged arch, 
loaded as shown in Fig. 48 ( g ). Lay off the load, line A to D, as shown at (A), 
and with any convenient pole, such as P, construct the force-polygon, and at 
(j) the funicular polygon, to determine the position of the resultant of the 
loads on the left-hand segment. 

The reactions may now be determined for the two loads A-C, on the left 
segment, and C-D, on the right, by locating the proper pole such that a funic¬ 
ular polygon for these loads will pass through points ®, © and ®. 

Consider the left-hand segment as an independent structure, assume tenta¬ 
tively that the reactions at ® and © are parallel to the resultant load 
A-C, and with the pole P draw the funicular polygon at (A). The closing 
string locates, in the force-polygon, point 0\ dividing A-C into two reactions 
having the proper magnitude and direction for the tentative assumption. The 
funicular polygon must, however, have a pole O, such that strings C-O and 
O-A will pass through hinges © and ®, respectively. The true closing line 
of such a funicular polygon is, therefore, parallel to ®-©. Through 
point 0\ draw Oy-O parallel to the known direction of the true closing line; 
then Oy-O is the locus of all pole-points which will satisfy the required con¬ 
dition. 

Consider the right segment independently and prolong ®-© to intersect 
the action line of load C-D in n. Draw D-0 2 and 0 2 -C parallel to ®-» and 
n-©, respectively, to determine, at their intersection, the point 0 2 , which 
is the pole-point of the funicular polygon, for load C-D, which will pass 
through points ® and ©. The closing string of such a polygon is 0 2 -O a , 
parallel to line ®-©. The locus of all points satisfying the reaction 
requirements for the right-hand segment is line 0 2 -0 8 prolonged. Prolong 
Or-Ot to intersect Oi-O at point O, then point O is the true pole-point for which 
the reaction conditions for all three hinges are satisfied. 

The end reactions are, therefore, D-0 - R 2 and O-A « Ri in magnitude 
and direction as shown at ( h ). 

Let it be assumed that the horizontal component of the external load sys¬ 
tem is equally divided to the two footings. Project A vertically to the hori¬ 
zontal line through 0, and project D vertically to this line, locating points 
Z and Zi, respectively. Divide Z-Z\ — H into two equal parts locating point 
O', then DO' and O'A are the reactions of the arch upon the footings and O'-O 
is the tension in the tie-rod. 

Stresses in Three-Hinged Arches. After the reactions for the arch, under 
the given system of loads, have been determined, the stress diagram may be 
constructed in the usual manner. 

Example 1. Dead Load Stress-Diagram. Let it be required to construct 
the stress-diagram for the three-hinged arch loaded as shown in Fig. 49 (a). 
Lay off the total load line as shown at (A), and with any convenient pole P 
construct the ray-diagram (force-polygon) for the loads on the left-hand seg¬ 
ment and at ( c ) draw the funicular polygon to determine the position of the 
resultant load on the left segment. Since the loading is symmetrical, the 
resultant load on the right segment has the same relative position to that 
segment as the resultant load on the left has to the left segment. 

The reactions at hinge © are horizontal, and the stress-diagram for one seg* 
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(b) is unaltered. The only difference exists in the reactions upon the founda¬ 
tion, which, instead of being N-O* - and O'A — R\ for the arch with the 
tie-rod in place, become NO — 2?j and O-A — R\ t and the horizontal thrust 
0-0* must be supplied by the footings. 

Example 2. Wind-Load Stress-Diagram. Let it be required to construct 
the wind-load stress-diagram for the three-hinged arch, loaded as shown in 
Fig. 50 (a). 





Determination of Reactions 

Scale of Diagrams:* 


Wind Load Stress Diagram 
0123 45 10 15 

Thousands of Pounds 


Fig. 50. Three-hinged Arch 

Lay off the load line A to II as shown at (5) and with pole P construct the 
funicular polygon as shown at ( c) to determine the position of the resultant 
A-U of the given load system. Assume the reactions at ® and © to be 
parallel to the wind-load resultant and extend the first and last string of the 
funicular polygon at (c) to intersect the assumed action lines of these reactions 
in points s and s i. Line s-si is the closing string for the reactions as assumed 
and locates point Oi in the force-polygon at (6). 

Through Oi, draw 0\-0 parallel to ®-©, the known direction of the closing 
line for all funicular polygons passing through hinges ® and ©. Since there 
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is no load on the right segment draw H-0 through II parallel to ®-©, the 
known direction of the reactions passing through hinges© and®. 

The intersection of Oi-O and H-0 locates point O, the true pole-point for 
the one funicular polygon which will pass through the three hinges. The 
reactions at the end hinges are, therefore, U-O = 2 ?2 and 0~A - R\. Assum¬ 
ing the horizontal component of the wind resultant to be equally divided 
between the foundations at ® and ®, as in Case 4 above, the reactions on 
the foundations are H-0' = 2? 2 and O'-A = Ru and the tension in the tie- 
rod is 0'~0, as shown at (b). 

In order to avoid confusion the load-line reaction-polygon is redrawn at (d) 
and the stress-diagram for the entire arch constructed thereupon. It should 
be noted that this diagram also closes for each arch segment. If the tie-rod 
were omitted in this case the horizontal thrust upon the footings would be o-m 
at ® and o-n at ®, and the total reactions would be 

Ri = 0-1 and R 2 ® 110. 


9. Stresses in Redundant Members 

The addition of members beyond the minimum number required to 
provide a complete frame, as given by Equation (1), Chapter XXV, results 
in a statically indeterminate condition. Every redundant member introduces 
one unknown quantity in excess of the number which can be determined by 
the methods of statics. 

The calculation of the stresses in the members of a truss, when redundant 
members are present, is made possible by determining the relation between 
the distortion of the necessary members and the redundant members. 

Consider the scissors truss with a tie-rod connecting the two end-joints 
A and E, as shown in Fig. 51. The minimum number of members necessary 
is n - 2p — 3, or n - 2 x 6 — 3 ** 9. 

The structure, therefore, has one redundant member. In this case any 
member may be taken as the redundant member, and the tie-rod, member 
x-x' t will be so taken. Assume, temporarily, that the tie-rod is replaced by 
a horizontal stress at A and E equal to S x (the stress in the tie-rod). 
Under the action of the given loads, the right end of the truss, which is on a 
sliding detail, will move to the right some distance, A. Let S x be the hori¬ 
zontal force necessary to bring the right reaction back to its original position. 
The various members of the truss will be affected by the action of S Xt and the 
stress in any member due to S x will vary directly with the magnitude of S x . 

Let U i, U 2 , V 8, etc., represent the stresses in members 1, 2, 3, etc, due to 
S x - unity, and let the deformations of these members due to their stresses 
from the given loading be 61, 62, 63, etc. 

The total internal work done on the members of the truss by the applica¬ 
tion of S x == unity, is equal to the sum of the average stress produced in each 
member by S x multiplied by the distance through which this stress acts, or: 


Total internal work *» 3 

a) 

Total external work - %S X 'A 

(2) 


Since for any elastic structure in equilibrium the external work of applied 
forces must equal the internal work of the stresses due to those forces: 

A - 2 \U i 


(3) 
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The deformation of any member, a, is given by the fundamental equation of 
elasticity as: 


S-L 

A-E 


(4) 


6000* 




Stresses In Kips for 

Section 

Area 

Member 

Dead Load 

Wind Lett 

Wind Right 

Maximum 

Combination 

Sq Ins 

1 

— 19.0 

— 5.0 

-5.0 

— 24.00 

2La 3"x 3"x K" 

4.22 

2 

-12.7 

-2.5 

-5.0 

- 17.70 

do. 

do. 

5 

+ 14.2 

+ 5.6 

0 

+ 19.80 

2Ls2«”x&".xK" 

2.12 

6 

— 4.8 

— 5.6 

0 

-10.40 

do. 

do. 

7 

+ 12.0 

+ 3.5 

+ 3.5 

+ 15.50 

1L2V'*2"xW 

1.31 


(d) 


Fig. 51. Scissors Truss with Tie-rod 

in which S ■■ the total stress in the member in pounds per square inch; 

L - the length of the member in inches; 

A - the cross-sectional area of member in square inches; 

JS - the modulus of elasticity of material in pounds per square inch. 
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Substituting the value S as given by (4) in (3): 


A 


s: 


9 SUL 
AE 


(5) 


The total stress S in any member may be considered as composed of two 
parts: (1) a stress S', due to the given load system with the redundant 
member removed; (2) a stress U X S x , due to the stress in the redundant 
member, where U is the stress due to S x - unity. 

Then from Equation (5): 


A 


2-4 1 AE 



HUS X )UL 
i AE 


( 6 ) 


which is the expression for the horizontal displacement of the right end of the 
truss and must be equal and opposed to the deformation of the tie-rod, the 
latter being 

5x ■■ (SxL x )/A x -E 

then 


whence 


9 S ' UL X^ 9 

22 1 a^e + 2-4 1 


a ( US t )UL 


A-E 


S X L X 

A x -E 


S x -- 


Xpa S'UL 
22 x A-E 
X^ 9 U*L L x 
/ y i A-E + A X E 


(7) 

( 8 ) 


Careful attention in the above procedure must be paid to sign, tension 
being considered plus and compression minus. The stress U is the stress in 
any member due to a one-pound tension in the redundant member. 

Example 1. Let it be required to find the stresses in the scissors truss with 
a horizontal tie-rod, illustrated in Fig. 51. 

The simple stress-diagrams for the given loading, assuming the tie-rod to 
be removed, are shown at ( b ) and (r). It is assumed in finding the wind-load 
reactions that the friction in the sliding detail, at reaction JK, is sufficient to 
permit the assumption that the horizontal component of the wind-load is 
equally divided to the two reactions. 

The stresses as found in diagrams ( b ) and (r) are tabulated at (d) and the 
combination for maximum stress determined. Suitable members are then 
selected and their sections together with the section-areas tabulated in the 
last two columns of table ( d ). A one-inch round tie-rod (area - 0.785 sq in) 
will be assumed for member ©. 

Assume the tie-rod to be in place, and subjected to a one-pound tension. 
The tie-rod may be imagined as cut at A ' and forces of one pound introduced 
on each of the cut ends. 

The stress-diagram for this load of unit tension in member ® is shown at ( e ), 
from which the values of U are determined. The data necessary for the solu¬ 
tion of Equation (8) are given in convenient form in Fig. 52, in which the 
common term E is omitted. The stress in the one-inch round tie-rod is found 
to be -f 7 540.0 lb, or a unit stress of 7 540/0.785 - 9 600 lb per sq in, tension. 
If the rod is not upset, the net area at the root of the threads is 0.55 sq in and 
the unit tension is 13 700 lb per sq in. 
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Column 9, Fig. 52, gives the combined stress S — S' + 5jo* U , which 
is the true stress in each member when the tie-rod is acting. It is evident 
from a comparison of the values of S' and the final true stresses that a con¬ 
siderable saving could be made by redesigning the members of the truss, which, 
however, would necessitate a new set of stress calculations. 

Example 2. Stresses in a Scissors Truss without a Tie-Rod. If the tie- 
rod is omitted from the truss shown in Fig. 51 and the ends of the truss built 
in or anchored to the supporting walls, as shown in Fig. 53, the horizontal 
thrust resulting from the elastic deformation of the truss must be resisted by 
the walls. 



c\ _ -8527090.000 _ __* 

S M-+' 1132.574 “ ^ 75400 

or 9G00 Lbs per Sq Inch, 


Fig. 52. Data for Solution of Equation (8) 


If one end, as at E, is placed on an expansion detail, that end of the truss 
will move outward an amount determined by the horizontal displacement of 
point E. 

From the preceding analysis it may be seen that the horizontal displace¬ 
ment of the end free to move can be determined by introducing a unit tensile 
force acting along the line of the desired displacement at that end, then: ' 


A 



S’UL 

A-E 


and the numerical value of this expression is the total of column 6, Fig. 521. 
divided by the modulus of elasticity of steel, or 


A 


8 527 000 

" . . . a — 0.294 

29 000 000 
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indicating that point E, at which point the horizontal unit tension i9 applied, 
moves in an opposite (minus sign) direction to the unit load, 0.294 in. 

Thus, if one end of the truss is allowed a free horizontal movement the sup¬ 
porting walls will be relieved of a large part of the horizontal thrust due to 
elastic displacement. For relatively short-span trusses of the type illustrated 
in Fig. 53, both ends are often anchored, or built into the masonry walls. 

Unless the supporting walls are absolutely rigid, which is practically impos¬ 
sible, they will move outward at their upper ends, following in general the 
laws governing the deflection of cantilever beams loaded at the free end, or: 

As in the preceding example, one-half of the horizontal component of the 
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The net change in length between points A and E is: 

2EU 


A - A l + &R - 


3 El 


( 12 ) 


The elastic change in length of the truss from A to E may be found as in the 
preceding example, noting, however, that the absence of the tie-rod gives rise 
to the horizontal thrusts H, acting in a direction opposite to the tension in the 
tie-rod of the preceding example. 

The sense of H must therefore be taken as minus (thrust instead of tension). 

Since the elastic change in length A to E must be equal to the net change in 
that length due to the deflections of the supporting walls, and as in Equa¬ 
tion (7): 

'ST'tS'UL , ^«(2( -H)Lw l 


jL*\ ae 


r.- 


A-E 


3 Ewlw 


whence 


H - 


2-4 1 A-E 


2 Lw 1 


2-4 i AE 3 Ewlw 


(13) 


(14) 


where Lw, Ew and Iw refer to the height, modulus of elasticity, and 
moment of inertia of the supporting walls. 

The cross-section of the pilastered supporting walls is shown at (a). Fig. 53. 
The extent of wall available to offer horizontal resistance is limited by open¬ 
ings at 4 ft on each side of the pilaster. The moment of inertia of the wall 
section about its neutral axis is 73,089 in 4 ; its height above the point where 
the two walls are tied together is 14 ft (=• 168 in), and the modulus of elas¬ 
ticity of the masonry will be taken at 2 000 000 lb per sq in; then 


2 Lw 3 2 X 168 3 

3 Ewlw = 3 (2 000 000) 73 089 


0.0000216 


From column 6, 


Fig. 52: 


S'UL 
i AE 


8 527 000 
29 000 000 


0.294 


From column 7, 


Fig. 52: 

2 9 IPL 
i AE 


642.574 
29 000 000 


0.0000222 


The horizontal thrust at the tops of the supporting walls is then given by 
Equation (14) as: 

H --- 6 700 lb 

0.0000222 + 0.0000216 


The critical wall stress will occur on the inside face of the leeward pilaster at 
the top of the base. The bending moment at this section is: 

M - (II w + II) 168 - (3 535 + 6 700) 168 « 1 720 000 lb-in 


The direction compression on the cross-section of the wall at the top of the 
base is equal to the sum of the vertical truss reaction and the weight of the 
wall, or: 2 157 

12 000 + 3 500 + -T7T X 14 X 125 - 41 700 lb 
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The unit compression is: 


41 700 
femm 2 157 


19.4 lb per sq in 


The unit tension at the inner face of the pilaster is: 


Me 1 720 000 x 15.5 
I 73 089 


364 lb per sq in 


The resultant net stress on the masonry at this point is: 

/ - /i — fc — 364 — 19.4 — 344.6 lb per sq in, tension 

Since brick and stone masonry are never permitted to be subjected to tensile 
stress, a wall of these materials and of the dimensions shown is inadequate. 
The design might be remedied by one or the other of the following methods: 

(1) Place one end of the truss on an expansion bearing, and if anchorage 
of both ends is advisable or desirable in the completed structure, build in the 
expansion detail after the dead loads have been applied. 

(2) Design a buttress for the outside of the wall of suitable proportions to 
reduce the tensile unit stress on the leeward pilaster to within allowable 
values. 


10. Stresses in a Two-Hinged Arch 


A two-hinged arch is a trussed frame, with hinged end supports, which has 
inclined reactions for vertical loads. The horizontal components of the reac¬ 
tions may be supplied either by the foundations or by a tie-member connecting 
the hinges. Two-hinged arches are statically indeterminate structures since 
the reactions cannot be determined by the usual methods of statics. 

The vertical reactions are identical with the vertical reactions of a three- 
hinged arch or a simple truss having the same span and loading. The hori¬ 
zontal reactions depend upon the deformation of the arch, and before the 
deformation can be calculated the sizes of the members must be known. 

Any method of procedure for the calculation of the stresses in a two-hinged 
arch, therefore must consist of a scries of successive approximations. 

After the reactions have been completely determined, the stresses in the 
members of the arch may be found by either the algebraic or graphical methods, 
as in the case of simple trusses. 

Calculation of Horizontal Reactions. The horizontal reactions of a two- 
hinged arch must be the forces which are necessary to prevent a change in 
length of the distance between the hinges if the ends of the arch were free to 
move horizontally. 

In the preceding article it was shown by Equation (5) that the horizontal 
displacement of the free end of a simple truss is: 


A - 



(15) 


If one end of the arch is temporarily assumed to be on rollers, that end 
must be prevented from moving by the application of a horizontal force, H. 
The negative displacement of the free end due to H will be: 


Ai 



(- H)U*L 
A-E 


where U , as before, is the stress in any member due to H « unity, 
case H is applied as a thrust and the sign is, therefore, minus. 


(16) 
In this 
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Since the values of A and Ai given by Equations (15) and (16), respec¬ 
tively, must be equal: 


II -• 


'ST'SUL 

2*fA-E 

Np WL 
2LfA-E 


(17) 


When a tie-member is employed to provide the resistance to the horizontal 
displacement, the movement of the free end of the arch will be equal to the 
elongation of the tie-member. 

The deformation of the tie is: 


5 - 


S r L, 

Ar‘E 


(IS) 


The final horizontal displacement of a two-hinged arch, with a tie-member 
and with one end free to move horizontally, is equal to the algebraic sum of: 
(a) the displacement of the arch as a simple truss; ( b ) the distance the stress 
in the tie will bring the free end back; and (c) the elongation of the tie, whence 
the stress in the tie-rod is (as in Equation 8): 


Sr “ — 


ST^ S'UL 

2-4 A ' E 

"V— 4- Lr 
22 A-E + ArE 


(19) 


Temperature Stresses in Two-Hinged Arches. When a horizontal tie is 
used, together with an expansion detail at one support, and all parts of the 
structure are equally exposed, the arch together with the tie-rod will expand 
and contract equally and the range of temperature will not affect the stresses 
in the arch. When the tie-member is placed in a protected trench beneath 
the floor or otherwise insulated from temperature variation, or where the arch 
is supported by rigid abutments, the stresses due to temperature differences 
must be considered. 

The horizontal deformation due to a uniform change of temperature is: 


At - c*t-L 


( 20 ) 


in which c — the coefficient of expansion of the material (for structural 
steel, c — 0.0000065 per degree F.); 

I — the change in temperature in degrees Fahrenheit (or difference 
between temperature of arch and tie-rod in degrees Fahren¬ 
heit) ; 

L — the length of the span in inches. 

The horizontal reaction due to a change in temperature, (—) — rise, (+) «• 
fall, is: 

m> 




St -- 


U*L 
E 

-(r-t-L) 


2 U*L L r 
A-F. A r E 


or 


( 22 ) 
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The resulting stresses in the various members of the arch will, then, be equal 
to the algebraic sum of the stresses due to the given loads and the stresses 
due to temperature change, or 

5-5'+ (lit or S t )U (23) 

Procedure for Determination of Stresses in a Two-Hinged Arch. The 

following outline of procedure will facilitate the work of finding the stresses 
in a two-hinged arch: 

(1) With one end of the arch free to move horizontally, find the stresses, 
as in a simple truss, for the given loads. 

(2) Assume a unit horizontal reaction at each support and find the stresses 
in the members of the arch due to unit load, considering the arch to be a 
simple truss. 

(3) Tabulate the values XS'UL and ^U 2 L and assume tentatively that the 
areas of all members are unity and that E is constant. Then 


II 


25'7/L 
2 U*L 


(24) 


in which 5' - the stress in any member, considering the arch as a simple 
truss, 

U — the stress in each member due to a horizontal reaction at each 
support of one pound. 


(4) With the approximate value of II as found in (3), acting with the given 
loads, find the stresses in the structure by the usual methods of statics. 

(5) Design the members for the stresses as found in (4). 

(6) Tabulate the value of ^ ^ V + 7 anc * T~ us * n fi» the areas as 
found in (5). 

(7) Find a more accurate value of //, using the values found in (6) in 
Equation (17). 

(8) Recalculate the stresses, using the more accurate value of II, redesign 
the members and procedure as in (6) and (7) until satisfactory results have 
been obtained. 


The second approximation is usually sufficient. Gross areas may be used 
in the calculations; however, when it is evident that a tension-member will 
be considerably reduced, by punching, the average of gross and probable net 
areas should be used. 


Example of the Determination of the Stresses in a Two-Hinged Arch. Let 
it be required to find the reactions for, and the stresses in the members of, the 
two-hinged arch loaded as shown in Fig. 54. 

(1) Assuming the right support to be on rollers, the combined dead and 
wind-load stress-diagram is constructed at (a), Fig. 54, and the stresses as 
scaled from this diagram (values of S') are recorded in Table I, column 3. 

(2) Assume a horizontal reaction of one pound (II - unity) at each sup¬ 
port, and construct the stress-diagram for this loading as at (b). Fig. 54. 

Record the stresses (values of U) in column 4 of Table I. 

(3) From the tabular values, calculate S'UL and U 2 L for each member and 
record these values in columns 5 and 6 of Table I. Add, algebraically, the 
values in columns 5 and 6 and find the first approximate value of II by Equa¬ 
tion (24), as shown at the bottom of Table I. 

(4) With approximate value of 77 — 50 200 lb as found, lay off the load 
line for the arch as shown at (c), Fig. 54. The approximate reactions are 



Combined Wind and Dead Load Stress Diagram 
Considering Structure as a Truss with Kight End 
Free to Move Horizontally. 


Combined Wind and Dead Load 
Stress Diagram. Considering 
Stiucture as a Two-Hmgod Arch. 


Fig. 54. Two-hinged Arch 

(7) From the algebraic summation of columns 8 and 9, a more accurate 
value of II -52 900 lb is found, as shown at the bottom of Table II. 

(8) The resultant stress values for the given loads and the value of II found 
in (7) are given in column 10, Table II. 

No further recalculation of value of II will be made in this example since 
the members as designed are fairly satisfactory, as indicated by column 11, 
Table II. With the correct value of II the horizontal displacement of the 
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right support should equal zero, 
should, therefore, equal zero, or: 

A - 


The value of A as given by Equation (15) 


2 


SUL 

A-E 


« 0 


(25) 


A Two-Hinged Arch with a Tie-Member. In the preceding example the 
horizontal reactions were supplied by the foundations. If the two supporting 
hinges of the arch in Fig. 54 are connected by a horizontal tie, the stress in the 
tic-member will be somewhat less than the horizontal reactions of the abut¬ 
ments as found in the preceding example. 

Let it be assumed that the two supports are connected by a tie-member 
composed of two eye-bars 3 in X % in with an area of 3.75 sq in. The 

value of for the tie-member is: 


L 1 200 

A-E " 3.75 X 29 000 000 


0.00001105 


The stress in the tie-member is given by Equation (19) in which the values 

^ A ~~~ and are the totals of columns 8 and 9, respectively, of 

^LmiAK jL^A'E 

Table II, whence: 

—9 648 


St “ — 


1.8232 
10 000 


+ 0.00001105 


or 


49 800 
3.75 


« -F 49 800 lb (Tension) 
=» 13 300 lb per sq in 


A Check of Temperature Stresses. If the arch as originally designed, 
without a tie-member, is subjected to a temperature increase of 100° F. f the 
horizontal thrust due to rise in temperature is given by Equation (21) as: 

-(0 0000065) X 100 X 1 200 


10 000 

-+ 4 350 lb (Acting with H) 

The combined stress in &ny member is given by Equation (23). As an 
example, consider the combined stress in member l~x; the value of the stress 
with no temperature-change is given in column 10, Table II, as —49 700, 
then for a rise in temperature: 

Si-. x - - 49 700 + 4 350 (-2.20) 

— — 59 300 lb (Compression) 

If the arch is not erected at a time of approximately average temperature* 
the difference should be taken into account in setting the foundations* 
provided the horizontal thrust is to be resisted by them without the aid of a 
tie-member. 
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11. The Fixed Arch 

The Fixed Arch has no hinges and is a type which is seldom employed by 
architects in the truss-form. The rigid analysis of a trussed fixed arch is 
very long and tedious, so a few formulas will be given, necessary for the solu¬ 
tion of ARCHES WITH SOLID WEBS, SUCh as PLATE-GIRDER ARCHES. These 
formulas may be applied to truss-forms, where the chords are approximately 
parallel, without serious error. Midway between the top and bottom chords 
draw a smooth curve, called the arch-axis, and designate the distance between 


c.L. 



its ends as L or the span of the axis. Divide the span into » equal parts 
and at the centers of these divisions draw perpendiculars until they cut the 
arch-axis. Number the points 1, 2, 3, etc., as shown by Fig. 55, which also 
indicates the nomenclature employed. 

Determination of Hu V\ and H\y\. The equilibrium-polygon for a single 
inclined load is shown in Fig. 55, in its true position with reference to the arch- 
axis. This locates the point of application of II The following formulas 
are very close approximations for arches having a rise greater than one-eighth 
the span. 

Ih - Zm xy A" 4 - ZyA" 



Hiyi \ „ ~y K _ pmjgyj£ 2m xy K(z - n) 1 
ffjysJ l 2K 1 2K n*2K-2 z iK. n \ 


V\ 


ii i?2 — iity 2 , 

- r - + '1 


y i 


Hiyi 

ih 


yi is measured down from A when U\y\ is negative. 2 is the sum of quantities 
it governs for each point on the arch-axis numbered 1, 2, 3, . . . n. For 
example 

xk - (fi), + (£), + (S), +etc - 
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I is the moment of inertia of the chords about an axis midway between them. 
The sections of the chords are to be taken on radial lines passing through points 
1, 2, 3, etc. x and y are the coordinates 
of the points 1, 2, 3, etc., in Fig. 55. 


L 

" Z 2n 


m xy is the moment at the point on the 
arch-axis having the coordinates xy , 
assuming that the given loading is sup¬ 
ported by the axis hinged at the right 
end and on rollers at the left end. r\ is 
the reaction at the left support under the 
conditions specified for m xy . In the 
above formulas the only terms which 
depend upon the loading are those con¬ 
taining m xy and n, the others being 
constant for any given arch. While but 
one load has been used, any number may 
be used by considering m xy and f\ as 
the sum of the respective quantities 
for each load. 

Stresses. The stresses in the truss- 
members can be found by the ordinary 
graphical methods when Hu V\ and Hyi 
are known. For example, assume the 
numerical values shown in Fig. 56. The 
resultant of V\ and II\ is resolved into 
two components parallel and perpendic¬ 
ular to the bottom-chord member at 
the support. Then T must act at the upper-chord joint as shown. The two 
reactions parallel to the bottom chord are found by moments. The stress- 
diagram can now be drawn beginning with these forces and proceeding until 
the right support is reached. 

Symmetrical Loading. When the loading is symmetrical, H\yi = H and 
hence V\ =■ T\. Also 

2yK 2 m xy K 



Fig. 56 Fixed Arch. Reactions 


n iyi - ii x 


XK 


2K 


Changes of Temperature. For temperature-changes, 

lit “ et°L ^ 2y.4" 

„ TT Tr Sv/w 
Hiyi - II 2 y s - lit -^7 


y l - 


2K 


Vi -0 


12. Arches with Solid Ribs 

Arches with Solid Ribs. While this chapter considers trusses only, it 
j may not be out of place to briefly consider arches having solid ribs. The 
computations for Vu Hi and II\yi remain unchanged, excepting that / now is 
the moment of inertia of the radial section of the rib at points 1, 2, 3, etc. 
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Fiber-Stresses. If x and y are the coordinates of any point on the gravity- 
axis of the rib, which should coincide with the arch-axis, the bending moment 
at this point is, for each load, 

x > a x > a 

M x - Hat 4- Vix - IIiy - P (r - a) - Q (y - b) 

Hiyi is negative when y\ is measured below A in Fig. 56. 

c Mx * c . Nxy 

6 " r + a 

where c is the distance from the gravity-axis to the outermost fiber. For the 
two- and three-hinged arches, Ihyi =* 0. 

Radial Shear. Let H x he the algebraic sum of all the horizontal compo¬ 
nents on the left of the section, V x the algebraic sum of all the vertical com¬ 
ponents on the left of the section and 0 the angle which the radial section, 
upon which the shear is wanted, makes with the vertical. Then T x » V z cos 9 
— H x sin 6. 

Two-hinged Parabolic Arch. If the center line of the solid rib is a par¬ 
abola, when El cos 6 is a constant, the following simple formulas give the 
values of V\ and II 

Vi - P (1 - A) - Q (1 - *) 

Hi -|yi>[4(l -2*» + *•)] -<? jl - y [5(1 -k -2*» + 4*»))-8**]J 
and 

in which k - a 4- L (Fig. 55), / is the rise of the axis, P is the vertical load 
acting down, Q is the horizontal load acting from left to right and I 0 is the 
moment of inertia of the section of the rib at the crown. 

Fixed Parabolic Arch. In like manner the following formulas apply for 
the arch without hinges: 

12 f 

V - P(1 - A)*(1 -f 2k) - -~Q(k - *2)* 

Hi - ^Pk*( 1 - k)* -Q |l + &(-15 + 50 k - 60 k* + 24 k 3 )| 

4/ 

Hiyi -|w(l - k)t(5k - 2) -SQ[ 2A(1 - A)»(2 - 7 k + 8*»)| 

H t - jjEh't 0 Ihyi - Y f Ehet° 

The values of the factors containing k in the above formulas are given in 
tabular form in A Treatise on Arches.* 

Circular Arches, with solid ribs of constant cross-section and the center line 
an arc of a circle, may be considered by using formulas somewhat similar to 
those given for parabolic arches but very much longer and more complex. 
Formulas and tables for their solution are given in the treatise on arches 
referred to above. 

• A Treatise on Arches, by Malverd A. Howe, John Wiley & Sons, Inc., New York. 
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CHAPTER XXVI 

DESIGN AND CONSTRUCTION OF ROOF-TRUSSES 

By 

C. E. PALMER 

PROFESSOR OF ARCHITECTURAL ENGINEERING, UNIVERSITY OF ILLINOIS 

1. Data for the Design of Roof-Trusses 

General Procedure. Certain items, preliminary to the design of a roof- 
truss, must be decided upon before the loads to be supported and the stresses 
to be provided for can be determined. The character of the roof-covering, 
the span, and the geometrical shape of the truss are generally fixed by archi¬ 
tectural requirements. The spacing of trusses is also, quite often, estab¬ 
lished by the location, in plan, of supporting columns or piers. 

The location of the building and its exposure will fix the amount of snow- 
and wind-loads which must be considered in the design. 

Roof-Loads. The loads which must be considered in the design of a roof- 
truss consist of: 

(a) The weight of the roof-coverings 

(b) The weights of purlins, bracing and rafters 

(c) The weight of the truss itself 

( d ) Ceiling-loads 

(«) Miscellaneous loads, such as suspended balconies and floors, heating 
and ventilating equipment, etc. 

(/) Maximum and minimum snow-loads 

(g) Wind-loads 

These loads, and the methods of determining their magnitudes, willjbe 
outlined in the following paragraphs: 

Weight of Roof-Coverings. The actual weight of roof-coverings should, 
if possible, be carefully calculated from the manufacturer’s data for a given 
material placed in accordance with a given specification. Table I gives the 
approxi nate weight of the more usual materials employed for roof-coverings, 
in pounds per square foot of roof-surface. 

Weight of Purlins, Bracing and Rafters. Purlins, whether of steel or of 
timber, will weigh from 1.5 to 4.0 lb per sq ft of roof-surface, depending 
upon the span and spacing of purlins and the weight of the roof-covering. 

Bracing is a variable quantity, depending upon the type of construction. 
When a rigid structural roof-covering is used, no bracing is required in the 
plane of the upper chord of the trusses, excepting temporary bracing during 
erection. When the ceiling-construction provides sufficient lateral support 
in the plane of the lower chord, no additional bracing is necessary. For short 
spans up to 50 or 60 ft, and with a reasonably rigid structural covering, it is 
rarely necessary to provide bracing in vertical planes between trusses. For 
spans exceeding 60 ft, and especially where the structural covering is any¬ 
thing other than nailing concrete or an equally rigid medium, bracing to the 
extent of from 0.5 to 1.0 lb per sq ft of horizontal projection should be pro¬ 
vided. 
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Table I. Weights of Roof-Coverings in Pounds per Square Foot 

of Roof 


Material 

Weight in lbs per 
sq ft 

Shingles: 

Common wood . 

2 5 to 3.0 

Asphalt, slate surfaced. . 

2 0 to 3.0 

Asbestos, plain and tapered 

4.5 to 6.5 

Slate, Plus one layer of felt: 

Me in thick. 

7.0 

14 in thick .... 

9 0 

14 in thick. 

10.0 to 12 

14 in thick. 

14.0 to 16 

Tile, Clay: 

Flat or plain . 

10.0 to 17.0 

Mission. 

12 0 to 15 0 

Spanish. 

10.0 to 14 0 

French. 

10.0 to 16.0 

Tile, Cement: 

Flat or plain. 

17.0 to 20.0 

Interlocking . 

15.0 to 18.0 

Gypsum: 

Pre-cast roof tile, 1 in thick 

5.0 to 6.0 

Poured-in-place, 1 in thick 

4.0 to 5.0 

Nailing concrete: 

Per inch of thickness .... 

7.5 to 8.0 

Tin, plus one layer of felt: 

Sheets or shingles, painted 

1.0 to 1.5 

Corrugated steel: 

24 to 26 gauge. 

1.0 to 1.5 

20 to 22 gauge. 

1.5 to 2.0 

16 to 18 gauge. 

2.5 to 3.0 

Copper, plus one layer of felt: 

Sheets . 

1.5 

Shingles or tile . 

2.0 to 2.5 

Felt and gravel: 

5 ply 

5.0 to 7.0 

4 ply 

4.0 to 5.0 

3 ply (ready roofing) 

1.5 to 2.0 

Skylights, including frames: 

14 in glass. 

4.5 to 5.0 

Me in glass. 

5.0 to 6.0 

14 in glass.. 

6.0 to 7.0 

Sheathing: 

White pine, spruce and hemlock, x in thick. 

3.0 

Southern yellow pine, i in thick. 

4.0 
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The weights of rafters per square foot of roof-surface are given in Table II. 


Table n. Weights of Rafters in Pounds per Square Foot of 
Roof-Surface 


Kind of timber 

White pine, spruce 
and hemlock 

Yellow pine 

Spacing 

12 in 

Id in 

20 in 

24 in 

12 in 

Id in 

20 in 

24 in 


2 X 4 in 

1.3 

0.9 

0.8 

0.6 

1.7 

1.2 

1 0 

0.8 

13 

2 X 6 in 

1 9 

1.4 

1.1 

1.0 

2.5 

■SI 

1.5 

1.3 

£ <y 

a s 

2X 8 in 

2.5 

1.9 

1.5 

1.3 

3.4 

HI 

2.0 

1.7 

gw 

2X10 in 

3.2 

2 4 

2.0 

1.7 

4.3 

3.2 

2.6 

2.2 

£ 

2X12 in 

3.9 

2.9 

2.3 


5.2 

3.9 

3.1 

2.6 


Weight of Roof-Trusses. The weight of a roof-truss varies with the span 
and spacing of trusses, the magnitude of the total load carried by the truss, 
the pitch of the roof, the type of truss, the working unit stresses and specifica¬ 
tions, and the personal equation of the designer. 

Various emperical formulas have been proposed for determining an approx¬ 
imate weight of the truss for the purpose of determining a value to be added 
to the design loads. 

The following empirical formulas are perhaps the least complex of those 
which have been proposed and at the same time are sufficiently accurate for 
an estimate of the probable weight of a proposed truss: 

(fl) Weights of timber roof-trusses: 

11' =- 0.5 SL + 0.075 SL* H. S. Jacoby 

(6) Weights of steel roof-trusses: 

W - 0.4 SL + 0.04 SL* c. E. Fowler 

In these formulas, IF — total weight of truss in pounds, S « the spacing 
of trusses in feet, and L =» the span of the truss in feet. The approximate 
weights of roof trusses expressed in terms of the total load supported by the 
truss and for given working unit stresses, may be found from the following 
empirical equations: 

Weights of timber roof-trusses for an allowable tension ■■ allowable ex¬ 
treme fiber-stress in flexure «« 1 500 lb per sq in: 

"'-s(' + s + ?7i) «> 

Weignts of steel roof-trusses for an allowable working unit stress in tension 
of 18 000 lb per sq in: 

In Equations (1) and (2) IF - the total weight of truss in pounds, L - the 
span of truss in feet, 5 - the spacing of trusses in feet, and P ■■ the total 
vertical or equivalent vertical load supported by the truss. 

In general, the weight of the truss for all usual spans and loadings is only 
about 10% to 15% of the total load supported by the truss, consequently the 
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values given by Equations (1) and (2) may be adopted without subsequent 
correction. 

Weight of Ceiling-Construction. Suspended metal lath and plaster includ¬ 
ing steel ceiling-beams and pressed-steel furring-channels weighs about 10 lb 
per sq ft of ceiling. Ceilings constructed with wooden joists, fiber or 
gypsum plaster bases and with steel or timber ceiling-bcams will also weigh 
about 10 lb per sq ft of ceiling. In designing the joists and beams for ceiling- 
supports, care must be taken to provide against a deflection greater than 
^60 °f the span of the supporting member. 

Miscellaneous Loads. In addition to the roof and ceiling-loads, roof- 
trusses must often be designed to support special loads such as motors, fans, 
pipe-lines, and coils, storage tanks, etc. In some cases upper floors, balconies 
or mezzanine floors are hung from roof-trusses. The magnitudes of miscel¬ 
laneous loads which may consist of a combination of dead, live, and in 
some cases, impact loads, should be accurately calculated and the supporting 
members should be so arranged that the loads are transferred to the truss as 
concentrations at panel-points. 

Snow-Loads. The maximum snow-load to be assumed in the design of 
a given roof depends upon the slope of the roof, and the latitude and humidity 
of the locality. Dry and freshly fallen snow weighs about 8 lb per cu ft, 
while packed or wet snow may weigh as much as 10 to 12 lb per cu ft, and 
snow mixed with hail or sleet may weigh as much as 25 to 30 lb per cu ft. 
The amount of snow on a roof at any one time is also a variable quantity. 
Table III gives the probable range of snow-load intensities for various locali¬ 
ties and roof-slopes. 


Table III. Snow-Loads for Roof-Truss Design in Pounds per 
Square Foot of Roof-Surface 


Locality 

Slope of roof 

45° 

0 

O 

*0 

25° 

o 

O 

M 

Flat 

Northwestern and 

New England States 

10-15 

15-20 

25-30 

35 

40 

Western and 

Central States.. 

5-10 

10-15 

20-25 

25-30 

35 

Southern and 

Pacific States. 

0-5 

5-10 

5-10 

5-10 

10 


A high wind may follow a sleet or ice-storm, hence there is a possibility of 
combination of wind and sleet (minimum snow) loads. A value for mini¬ 
mum snow-load of 10 lb per sq ft of roof should be used for all roof-slopes 
and for all localities with the possible exception of Southern and Pacific 
Coast states, where half the tabular values of maximum snow may be used. 

Wind-Loads. The wind-pressure against a roof surface depends upon 
the velocity and direction of the wind, and upon the exposure and inclination 
of the roof-surface. The wind is assumed to move horizontally, and the 
pressure against a flat surface, normal to the direction of the wind, is given 
quite accurately by the equation: 

* - 0.004 F* 


(3) 
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where p =» the pressure in pounds per square foot on a flat, normal surface, 
and V = the velocity of the wind in miles per hour. 

When the wind blows upon a surface other than a plane, the pressure on 
the projected area depends upon the form of the surface. Table IV gives 
the values of wind-pressure on various geometrical surfaces in a ratio to that 
upon a flat surface, as given by Equation (3). 


Table IV. Ratios of Wind-Pressures on Various Surfaces to 
That Upon a Flat Plate * 


Form of surface 1 

Ratio 

Sphere—Convex surface ... . | 

0 35 to 0.40 

Cylinder—Convex surface. 

0.55 to 0 65 

Cone—90° base angle, apex to wind . 

0 65 to 0. 75 

Sphere—Concave surface 

1 30 to 1.70 

Cylinder—Concave surface . . ... . . 

1.15 to 1.30 

Rectangular side of building. 

0.75 to 0.85 


* Mechanics Applied to Engineering, Goodman (Longmans, Green & Company, 1904). 


In the design of roof-trusses it is usual to assume that the resultant wind- 
pressure is normal to the roof-surface. Experiments made by Colonel 
Duchemin, a French army officer, in 1829, resulted in the widely accepted 

FORMULA FOR WIND-PRESSURES ON INCLINED SURFACES: 


„ „ 2sini4 

Pn " P l + sin 2 A 


(4) 


where Pn = the normal wind-pressure in pounds per square foot of surface, 
P — wind-pressure in pounds per square foot on a vertical surface, and A «■ 
the angle of inclination of the roof surface with the horizontal. 

The Duchemin formula was verified, without knowledge of its existence, 
by Mr. S. P. Langley in 1888. 

The Duchemin formula, and its verification by Langley, are based upon 
experiments on small thin plates for which the conditions are quite dissimilar 
from those encountered in roof-surfaces. In view of the uncertainty as to the 
intensity and distribution of wind-loads, refinements in the computations 
are not wholly warranted. For the purpose of calculating the value of normal 
wind-pressures to be used in roof-truss design, some designers prefer the 
simple, straight line formula: 


Pn 


A XP 
45 


(5) 


where Pn and P are the same as in Equation (4), and A «■ the angle of incli¬ 
nation of the roof with the horizontal, in degrees; which tacitly assumes that 
for a slope of 45° the normal pressure is equal to the pressure on a vertical 
plane. 

The intensities of normal wind-pressure for roof-surfaces of various slopes 
as given by Equations (4) and (5) are recorded in Table V. 
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Table V. Wind-Load in Pounds Per Square Foot of Roof-Surface 


1 

Slope of 
roof 

Normal pressure Pn 

20 lb 

P = 30 lb 

Duchemin 

Straight line 

Duchemin 

Straight line 

10° 



10.0 

6 7 

15° 

■m 

wmm 

14 6 

10 0 

20° 

12 3 

8 9 

18.4 

13 3 

25° 

14.4 

11.0 

21.5 

16.7 • 

<A» 

o 

o 

16 0 

13 3 

24.0 

20 0 

35 0 

17 3 

15 5 

26 0 

21 3 

40° 

18 2 

17 8 

27.3 

26.6 

45° 

18 9 

20.0 

28.3 

30.0 


Experiments by J. O. V. Irminger (Copenhagen) in 1894,* and by T E. 
Stanton (London) in 1903, f indicate that the action of the wind produces a 
suction on the leeward side of the roof. Summarizing these experiments, 
Professor Marburg t concludes: “The experiments . . . were made on 
much too small a scale to admit of quantitative deductions applicable to con¬ 
ditions in practice. They are valuably suggestive, however, in calling atten¬ 
tion to conditions which were previously not generally or adequately recog¬ 
nized.” 

This condition should be provided for to the extent that individual mem¬ 
bers of the truss be designed so as to be capable of developing compressive as 
well as tensile stress in order to avoid possible buckling, and the truss itself 
should be well anchored to its supports. 

Combined Loads for Maximum Stresses. The combination of dead, snow, 
and wind-loads which are to be considered in calculating the maximum 
stresses in the individual members of a truss is largely a matter of the indi¬ 
vidual judgment of the designer. 

It is highly improbable that snow will remain undisturbed on a roof with a 
wind velocity of 61 miles per hour, which is equivalent to a pressure of 15 lb 
per sq ft. 

Wet snow or sleet may remain on the roof-surface in the presence of a rela¬ 
tively high wind velocity, but the probable maximum for such a combination 
could not be reasonably taken at a greater value than full wind-load-plus 
one-half of maximum snow-load, or wind plus minimum snow. 

The combinations of loading for maximum stresses which appear the most 
reasonable are those given in Chapter XXV: 

(1) Dead load plus maximum snow. 

(2) Dead load plus wind right plus minimum snow. 

(3) Dead load plus wind left plus minimum snow. 

• Eng. News, Feb. 14, 1895. 

f Proc. Inst. C. E., Vol. CLVI, page 78, 1904. 

j Framed Structures and Girders, McGraw-Hill, 1911. 
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Equivalent Vertical Loads. Instead of considering separately the dead, 
snow-, and wind-loads and the various combinations of snow- and wind-load 
which may act with the dead load to produce maximum stresses in the mem¬ 
bers of a truss, an equivalent vertical load is sometimes assumed. 

For simple roof-trusses of the usual types, supported on masonry walls, the 
combined stresses in the various members due to wind and minimum snow¬ 
loads are practically the same as the stresses resulting from a properly assumed 
vertical load, uniformly distributed over the truss. 

This method is efficient since only one set of calculations, or one stress- 
diagram, is required for the determination of maximum stresses. The selec¬ 
tion of the proper equivalent uniform vertical load, however, requires con¬ 
siderable judgment on the part of the designer. A study of the particular 
case under consideration together with preliminary trials will enable an expe¬ 
rienced designer to select a satisfactory equivalent load for the particular type 
of truss which is to be used and the existing local conditions which are to be 
provided for. 

The average values of uniform vertical loads equivalent to combined wind 
and minimum snow-loads, or to maximum snow-load, in producing stresses 
in the members of roof-trusses of the usual types, supported by masonry 
walls, are given in Table VI. 

Table VI. Equivalent Uniform Vertical Loads to Replace Com¬ 
bined Snow- and Wind-Loads for Calculating Maximum 
Stresses in Roof-Trusses. Values in Pounds per 
Square Foot of Roof-Surface * 


Locality 

Slope of roof 

60° 

45° 

o 

O 

20° 

Flat 

Northwestern and 

New England States 

28 

26 

24 

35 

40 

Western and 

Central States . 

28 

26 

24 

30 

35 

Southern and 

Pacific States. 

28 

26 

24 

20 

30 


* Values corrected for an allowable increase in working unit stress for wind-stresses of 

33 ^%. 


In calculating the values of equivalent loads given in Table ,VI account 
has been taken of the usual specification relative to the working unit stress 
for combined stresses due to wind and other loads. 

The dead load is always present and must be added directly to the values 
given in Table VI. The maximum snow-load may be present at intervals, 
and when present can be expected to exist for a considerable time. The 
maximum wind-load occurs at infrequent intervals and its effect lasts but a 
short time. The working unit stress for wind-loads may, therefore, be 
greater than the value specified for dead and snow-loads. The specification 
of the American Institute of Steel Construction recommends an increase of 
33 }$% for combined stresses due to wind and other loads. With this factor 
provided for in the equivalent values, the tabulated values may be used 
directly with the basic stress as specified for fixed or permanent loads. 
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Roof and Ceiling-Loads Supported at Any Joint. Calculations for the 
direct stresses in the members of a roof-truss are based upon the assumptions 
that the loads are transferred to the panel-points, and that the members at 
any point are united by a frictionless hinge, although in practice the joints 
may be riveted or otherwise rigidly connected. 

The upper chord panel-loads are the purlin reactions, and the lower 
chord panel-loads are the reactions of the ceiling-beams. 

When the roof and ceiling-loads are uniformly distributed, as is usually the 
case, the simplest method of computing the panel-loads is to determine the 
roof or ceiling-area tributary to the joint, and to multiply this area by the 
unit load. 

2. Stress Coefficients 

Stress coefficients or the algebraic or graphical methods given in Chapter 
XXV may be used to determine the stresses in the individual members after 
the loads at each panel-point of a truss have been determined. 

When a truss is uniformly loaded the stresses in the members throughout 
the truss are each a direct function of the form of the truss and the magnitude 
of the uniform panel-load. 

If the panel-load is taken as unity the resulting stress in any member is 
known as the stress coefficient for that member for the given system of loading. 

The stress in any member of a truss, for which the stress coefficients are 
known, may be determined by multiplying the actual panel-load by the stress 
coefficient for the member in question. 

The stress coefficients for some of the more usual forms, and pitch ratios, 
of trusses in general use are given in Tables VII to XIII, inclusive. 

In these tables, the members of the truss are designated on the truss- 
diagrams by letters, and the character of stress is noted as tension or com¬ 
pression in the table, or is indicated by the weights of the lines in the truss- 
diagram. Heavy lines indicate compressive stress, light lines indicate 
tensile stress, and broken lines indicate zero stress for the given position 
of the applied loads. 

When stresses are to be computed for a number of trusses of a type of truss 
or a system of loading not given in the following tables, considerable time 
may be saved by preparing a unit stress coefficient table similar to those 
illustrated. 

Stress coefficient tables may be prepared for wind-loads and any assumed 
distribution of horizontal reactions by constructing a unit wind panel-load 
stress-diagram for the assumed reaction conditions and tabulating the 
stresses as scaled, in a manner similar to that illustrated in the examples given 
in Chapter XXV. 

Table XI gives coefficients which are general for any span and depth for 
eight-panel roof-trusses with the Howe and Pratt types of bracing. Tables 
XII and XIII give formulas for computing the stresses in symmetrical Howe 
and Pratt trusses which are symmetrically loaded. The coefficients are given 
for trusses having an odd number of panels. For the Howe truss with an even 
number of panels the coefficients for the center load on the top chord are each 
divided by two. For the center load on the bottom chord the coefficients are 
also divided by two, except that for the center vertical, which remains unity. 
For the Pratt truss with an even number of panels the coefficients are divided 
by two for the center loads for all pieces, except that for the center vertical 
for loads on the top chord, the coefficient remains unity. For the young 
architect or engineer these tables will be found useful in furnishing a check 
upon stresses determined by algebraic or graphical methods. 
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Table VII. Coefficients for Determining the Stresses in Simple 
Fink and Fan Trusses 

WHEN PANEL-LOADS ARE ALL EQUAL 
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Table vm. Coefficients for Determining the Stresses in an 
Eight-Panel Fink Truss 


WHEN PANEL-LOADS ARE ALL EQUAL 
























>} c> ** fc n ts ^ 
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Table IX. Coefficients for Determining the Stresses in Cambered 
Fink and Fan Trusses 

WHEN PANEL-LOADS ARE ALL EQUAL AND THE CAMBER EQUALS ONE- 
SIXTH THE RISE 


















ft to ^ 
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Table X. Coefficients for Determining the Stresses in an Eight- 
Panel Cambered Fink Truss 

WHEN PANEL-LOADS ARE ALL EQUAL AND CAMBER EQUALS ONE-SIXTH THE 
TOTAL RISE 
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Table XI. Coefficients for Eight-Panel Roof-Trusses 


Length of 
member 


Ceiling¬ 

loads, 

P 


Length of 
member 


1 75\/» 2 +4 
l SOy/tf+t 


l.25\/« 2 4-4 l.25V» 2 -H 


0.125 nh 
0.125 nh 
0.125 nh 
0.125 nh 


1.75V» 2 i 4 

l 75\/f-4 

0.125AV» 2 i~4 

jl.75V» 2 *f4 

t.75V« 2 +4 

0.125AV» 2 +4 

l.50\/» 2 +4 

1.50Vn‘-f4 

0 125*V»*+4 

1.25V»*+4 

1.25 -f-4 

0.125AV» 2 +4 

1.75 n 

1.75 n 

0 125 nh 

1.50 n 

1.50 » 

0.125 nh 

1.25 n 

1.25 n 

0.125 nh 

1.00 n 

1.00 n 

0.125 nh 

| 

1 10 

0 

0.25 h 

1.5 

0.5 

0.50 h 

2 0 

1 0 

0.75 h 

0 

1 0 

1.00 h 

J;).25V« 2 + 16|0.25V» 2 -1-16 

0.125AV» 2 +16 

|0 25\/« 2 +36 

0.25 V» 2 +36 

0.125AV» 2 +36 

jO 25\/n--r64 

0 23\/»2-b64 0.125*V» 2 +64 


Stress ■■ coefficient X P or p 

For a half-truss supported at A and B, reduce all top-chord coefficients by y/ a 2 +4 
and all bottom-chord coefficients by n. The coefficients for the web-members used 
remain unchanged. 
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Table XU. Coefficients for Howe Trusses which are Symmetrical 
About the Center of the Span and Symmetrically Loaded 


Pi p 3 p 8 p 3 p 2 p l 



Member 


7 panels 


5 panels 

3 panels 

Pi 

Pi 

Pz 

Pi 

Pi 

Pi 

L\ and Ui 

a-i-h 

a-i-h 

a~h 

a-i-h 

a-i-h 

a-i-h 

Li and Ui 

a-i-h 

(0+6)4- h 

( 0 + 6 ) + h 

a-i-h 

(a +&)+ h 


£2 and U A 

a-i-h 

(a + 6 ) 4 - h 

(,a+b+c)+k 




La. .. 

a-i-h 

( 0 + 6 ) 4 - h 

(a+6+c)-i-// 




Di . 

\/ a*-\-tfl-i- h 

y/afr-\-h 2 -i- h 


VWA24-A 

y/ai+w+h 

Va 2 +h*-i-h 

02... 

0 

VW+fc+h 

VvTw+h 

0 

y/P+h 2 +h 


D 9 .. 

0 

0 

Vc*+h*+h 

0 

0 


Da. 

0 

0 

0 




Vi.. 

0 

1 0 

1 0 

0 

1.0 

0 

V 2 . . 

0 

0 

1 0 

0 

0 


v%.. . 

0 

0 

0 





Pl 

Pi 

Pi 

Pl 

Pi 

Pl 

Vi. 

1 0 

1.0 

1.0 

1 0 

1.0 

1.0 

v 2 . 

0 

1.0 

1 0 

0 

1.0 


v 9 

0 

0 

1.0 





For loads p\, p%, etc., the coefficients for the chords and diagonals are the same as 
given for the loads P\, P 2 , etc. The coefficients for the verticals for loads p\, P 2 , etc , 
are given in the supplementary table below the general table. Tension is indicated 
in the truss diagram by light lines. 
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Table xm. Coefficients for Pratt Trusses which are Symmetrical 
About the Center of the Span and Symmetrically Loaded 

























1408 


Design and Construction of Roof-Trusses [Chap. 26 


Examples Showing Use of Tables in Stress-Computations 


Simple Fan Truss. Example 1. In this example a simple fan truss of 
36-ft span is considered. The distance on centers of trusses is 12 ft. The 
height of truss is 9 ft, or l/h — 4. The total load per square foot of roof is 
40 lb. The length of rafter is 20 ft, nearly. The panel-load, P — X 12 
X 40 - 3 200 lb. Then from Table VII. 

Stress in lower end of rafter 4- 3 200 X 5.59 - 17 888 lb 
Stress in ends of main tie F — 3 200 X 5.00 — 16 000 lb 
Stress in center of main tie G - 3 200 X 3.00 - 9 600 lb 
Stress in braces D and 22- 3 200 X 1.08 - 3 456 lb 
Stress in tie K - 3 200 X 2 - 6 400 lb 


Five-Panel Howe Truss. Example 2. (Table XII.) A five-panel Howe 
truss is considered, for which h - 6 ft, a - 9 ft, b - 10 ft and c - 12 ft. Let 
the trusses be spaced 10 ft on centers, the roof-load be 40 lb per sq ft and the 
ceiling-load 15 lb per sq ft. The panel-loads become: 


*1 - W ( 9 + 10) (10 X 40) - 3 800 lb 

Pi - l A ( 9 + 10) (10 X 15) - 1 400 lb 

Pi - V 2 (10 + 12) (10 X 40) - 4 400 lb 

Pi - y 2 (10 + 12) (10 X 15) - 1 700 lb 

L\ and U 2 - % X 5 200 + ?6 X 6 100 - 
Li and U z - % X 5 200 -f x % X 6 100 - 
Di - 10.82/6 (5 200 + 6 100) - 20 400 lb 
D 2 - 11.66/6 X 6 100 - 11 900 lb 
Vi - 4 400 -f- 1 400 + 1 700 - 7 500 lb 
V 2 - 1 700 lb 


- 5 200 lb 

~ 6 100 lb 

17 000 lb 

- 27 100 lb 


In the above results all values between 50 and 100 have been considered 100. 


3. General Arrangement of Roof Framing Plan 

The general arrangement of the roof-construction should be considered by 
the architectural designer when the preliminary studies are being made for 
any building. The framing of the roof is an important factor both as to cost 
and general appearance of the building. A scheme which is dictated by archi¬ 
tectural requirements without due consideration of structural procedure may 
give rise to an uneconomical and inefficient structural design. 

The architectural designer should provide satisfactory depths, spacings and 
supports for the roof-trusscs. 

The four fundamental items which must be considered in connection with 
the structural roof plan are: 

(1) The spacing of trusses. 

(2) The spacing of purlins. 

(3) The type of truss. 

(4) Provisions for support. 

Spacing of Trusses. The most economical spacing of trusses, considering 
the complete roof framing system, depends upon relative costs of the com¬ 
ponent parts. The unit cost of trusses, per square foot of horizontal area, 
decreases as the spacing of trusses is increased. The unit cost of purlins, 
however, increases as the spacing of the trusses is increased. 

The unit cost of trusses per square foot of horizontal projection is, in gen- 
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eral, several times that of purlins; hence, it is usually the cost of trusses 
which controls the economy of the design. 

It is generally desirable, for truss-spans under 100 ft, to use simple, rather 
than trussed or built-up, sections for purlins, and the maximum truss-spacing 
may be governed by this condition. 

For long spans the spacing of trusses may be increased, and rafters sup¬ 
ported by heavy purlins may be introduced to provide the direct support for 
the roof-covering. 

The spacing of trusses is often governed by local conditions, such as the 
positions of special loads which are to be supported, the location of piers or 
columns, or by other requirements fixed by the architectural design of the 
building. Considering the spacing from an economical standpoint, for roofs 
of the more permanent type of construction, the values given in Table XIV 
will probably result in the most favorable economy. 


Table XTV. Economical Spacing of Roof-Trusses 


Span of truss 
in feet 

Spacing of trusses 
in feet 

20 to 40 

12 to 16 

40 to 60 

16 to 18 

60 to 80 

18 to 20 

80 to 100 

20 to 22 

100 and over 

22 to 24 


Spacing of Purlins. The maximum spacing of purlins is limited by the 
allowable span of the structural roof-covering. Whenever possible, the 
purlins should be placed at the upper chord panel-points. In cases where 
the type of truss is such that the allowable span of the roof-covering is less 
than the panel-point distance, intermediate purlins may be used. Such an 
arrangement subjects the supporting chord-member to a bending as well as 
a direct stress, since the chord must act as a beam in addition to its function 
as a member of the truss. 

In general, the panel lengths of the supporting chord are made equal to, or 
somewhat less than, the limiting span of the structural covering; however, 
the introduction of intermediate purlins may, in some cases, be an economical 
procedure, since the saving in weight of the smaller and more closely spaced 
purlins may offset the increased weight of the supporting chord-members. 

When roof-coverings are laid on sheathing supported by rafters parallel 
to the upper chords of the trusses, the purlin spacing is governed by the 
limiting span length of the rafters. 

In calculating the safe span of the structural covering both the flexural 
strength and the probable deflection should be investigated. When the 
weathering surface of the roof is tile or slate, the deflection of the sheathing 
should be limited to about ^eo part of the span in order to avoid cracking 
the material. Roofs covered with materials not subject to cracking under 
excessive deflection, present a much better appearance when the deflec¬ 
tion has been kept within this same limit. Assuming that the structural 
















1410 


Design and Construction of Roof-Trusses [Chap. 26 


covering is continuous in its span over several purlins, the moment coefficient 
may be taken at Ho and the deflection coefficient at about %84 for uni¬ 
formly distributed loads. 

Let it> - the design loading in pounds per square foot of roof-surface; 

L p — the spacing of purlins in feet; 

A — the angle of the roof slope with the horizontal, in degrees; 
t — the thickness of continuous sheathing; 

I « the moment of inertia of a cross-section of sheathing one foot 
wide, inches 4 ; 

E - modulus of elasticity of sheathing material in pounds per square 
inch; 

/ - allowable unit stress in flexure, in pounds per square inch. 


Then, for the maximum spacing of purlins as limited by the flexural strength 
of the sheathing of homogeneous material: 


whence 


w (cos A) Lp 2 X 12 fl 

io “ e ~~6 XUt 


L„ - 1.29 t 


4 


f sec A 


( 6 ) 


For a limiting value of A - 1/360 part of the span: 

2 w (cos A) Lp 4 X 12* I X 12 
" 384’ El “ 360 

and 

whence 

JL 3 l E sec A 

v 6.46 *V w 


(7) 


If the structural slab is a nailing concrete the value of /, for the usual speci¬ 
fications, may be taken as about 0.6 the value of a homogeneous section of the 
dimensions of the section of the nailing concrete slab. 

The maximum purlin spacing will be limited by the flexural strength of the 
slab, or: 

w (cos A) Lp * X 12 A // \ 

-IT- 06 ( 6 X12X 

whence 

<«> 

The limiting spans for wood sheathing as determined by Equations (6) and 
(7) are given in Table XV, and the limiting spans for nailing concretes in com¬ 
mon use, as determined by Equation (8) are given in Table XVI. 

From the above equations it is evident that limiting spans both in flexure 
and deflection vary directly as the thickness of the structural covering, hence 
Tables XV and XVI may be used for various thicknesses by applying the 
proper ratios. 
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Table XV. Limiting Spans for One-Inch Sheathing for Various 
Design Loads and Roof-Slopes 

/— 1 200 lb per sq in. E «■ 1 200 000 lb per sq in. 

(values given in feet) 


Slope of 
roof 

Unit vertical design load in pounds per square foot 
of roof-surface 

20 

30 

40 

50 

60 

Flat 

10 0 

8.1 

7.0 

6.3 

5.8 


(6.0)* 

(5.3) 

(4.8) 

(4.4) 

(4.1) 

15° 


8.3 

7 2 

6 4 

5.9 



(5 4) 

(4 9) 

(4 5) 

(4.2) 

25° 

10 5 

8 6 

7 4 

6 6 

6.1 


(6 2) 

(5 5) 

(5 0) 

(4 6) 

(4.3) 

30° 

10 7 

8.8 

7 6 

6 8 

6.2 


(6 3) 

(5.6) 

(5 0) 

(4 7) 

(4 4) 


11.1 

8.9 

7.8 

7 0 

6.4 


(6 5) 

rs. 7 ) 

(5 2) 

(4 8) 

(4 5) 


11 4 

9.3 

8.1 

7.2 

6.6 


(6.6) 

(5.8) 

(5.3) 

(4.9) 

(4.6) 


11.9 

WKSm 

8.4 

7.5 

mom 


(6 8) 

WmGshM 

—&iL— 

iLSL 

MW 


* Limiting values for deflection in parenthesis. Values for thicknesses other than one 
inch can be determined by direct proportion. 


Table XVI. Limiting Spans for 3-In Nailing Concrete Roof- 
Slabs for Various Design Loads and Roof-Slopes 

fc - 225 lb per sq in. Ec - 1 000 000 lb per sq in. 
fa <■* 14 000 lb per sq in. n — 30 

_ (values given in feet)_ 


Slope of 
roof 

Unit vertical design load in pounds per square foot 
of roof-surface 

30 

40 

50 

60 

70 

Flat 

8.2 

7 1 

6.3 

5 7 

5 5 

15° 


mm 

6.5 

5 9 

5.6 

25° 


■5 

6.7 

6.1 

5.7 

30° 

8 8 

■ 

6 9 

6.3 

5.8 

35° 

9 1 

7.9 

7 l 

6 5 

5.9 

40° 

9.4 

8.2 

mm 

6.7 

ss 

45° 

10.0 

8.5 

■fig 

6.9 

— 


Values for thickness other than 3 in can be determined by direct proportion. 
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4. Design of Rafters, Hips and Valleys 

Rafters and Hip and Valley Beams may be treated as horizontal beams, so 
far as the component of the vertical loading normal to slope is concerned. 

The component of the vertical loading which is parallel to the inclined 
beam will produce a direct compression throughout the beam if resisted at 
the lower end, or a direct tension throughout the beam if resisted at the upper 
end, or compression on the lower portion and tension on the upper portion 
of the beam if resisted at both ends. 

If the parallel components of the applied loads are axial, the average unit 
stress caused by them will be added to the flexural stress of the same char¬ 
acter at the section where f a -f /& is maximum. The cross-section of the 
member may be tentatively selected by considering the maximum moment 
due to the normal components. Later this section may be corrected to satisfy 
the combined stress f a + /&. If the parallel components of the applied loads 
are not axial their eccentricity may increase or diminish the bending moment 
of the normal components. 

In practical design the parallel components of the end reactions of an 
inclined beam may be distributed as determined by the following assump' 
tions: 

(1) That the reaction at the upper support is horizontal. 

(2) That the total parallel component is resisted at the lower support. 

(3) That the reactions at each support are vertical. 

These three cases are illustrated in Fig. 1. 

Case 1. The reaction at the upper support is assumed to be horizontal, 
and since the three forces producing equilibrium must meet in a common 
point, the direction of the reaction at the lower support can be found as shown 
at (a). The magnitude of the upper reaction may be determined by taking 
moments about the lower support: 2M «=* 0; — 6.93 R^ 4- 1 800 x 6 =■ 0; 
whence R 2 ■ 1 560 lb, and R\ may be found from 27 « 0. The direction 

of R-i makes an angle, with the vertical, the tangent of which is —r **» 0.866, 

6.93 

or *= 40° — 55'. Then Ri cos /5 « 1 800, or Ri « 2 380 lb. The reac¬ 
tions may also be found by constructing a force-polygon as shown at (c). 
Each reaction is then resolved into components normal and parallel to the 
slope of the inclined beam with the following results: 


Ri I 

f AT, - 

780 lb 

2 380 lb 1 

l Pi - 2 250 lb 

Rt 1 

f ift - 

780 lb 

1 560 lb 1 

i P 2 = 1 350 lb 


The maximum bending moment, at the mid-point of span, is: 


Mm&x 


1 560 X H 86 X 12 
8 


32 400 ib-in 


If the allowable unit flexural stress is 1 200 lb per sq in the tentative sec* 
tion is found from: 


1 200 bfc 
6 


32 400 


or 


bd* - 162 
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A nominal 2j^ x 10-in timber section provides a bd* value - 2.125 X 9.5 2 
— 191. The average direct compression, at the mid-point of span, is 
Ji (2 250 + 1 350) - 1 800 lb, then: 

1 800 32 400 X 6 

/a 4* /& “ 2 {2S x y 5 + 2 125 x 9 52 

- 89.5 -f 1 018.5 — 1 108 lb per sq in 

The permissible working unit stress is an indeterminate value between the 
values for flexure and the value for axial compression. If the inclined beam 

13 86 X 12 

is stayed laterally by sheathing its Lid ratio is ———-— 17.5, and if the 

material is common grade, Southern yellow pine, the allowable axial unit 
stress is: 

fa (Table XXI) - 836, and ft, (Table XX) - 1 200 lb per sq in 
The allowable combined unit stress i9: 


89.5 
1 108 


X 836 


67.0 


1018.5 
1 108 


X 1200 


1 100.0 
1 167.0 


lb per sq In 


The section, as selected, is, therefore, satisfactory. 

Case 2. The entire parallel component of the applied load may be assumed 
to be resisted at the lower support as shown in Case II, Fig. 1. The reactions 
and their components normal and parallel to the inclined beam are found by 
constructing the force-polygon as shown at (c). The results are: 

Ri j*- 780 lb 

1 190 lb { Pi - 900 lb 

R 2 | N 2 - 780 lb 

780 lb I P t - 0 

The maximum bending moment, at the center of the span, as in Case I, is: 
Afxnax — 32 400 lb-in 

The average direct compression, at the mid-point of span, is ]/2 X 900 — 
450 lb. Assuming the same section as in Case I: 

, , , 450 , 32 400 X 6 

/a+/s- 20ig + 1Q1 


** 1 041 lb per sq in 

The allowable unit stress is 1 115 lb per sq in, found in the same manner as 
in Case 1. 

Case 3. If the reactions a^e assumed to be vertical, then the normal and 
parallel components are equal, as shown at (c), Case III, Fig. 1. In this 
assumption the parallel components of the loads on the upper half of the 
inclined beam are resisted by a parallel reaction, acting away from the end 
of the beam at the upper support. The parallel components of the loads on 
the lower half are resisted by a parallel reaction, acting against the end o ( the 
beam at the lower support. 
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The axial stress at the mid-point of span is zero. The assumptions made 
in this case are, therefore, equivalent to an assumption of a horizontal span 
length equal to the horizontal projection of the inclined beam and loaded 
with the total vertical load. 

The maximum unit stress is the flexural stress at the mid-point of span, 
which for the cross-section adopted in the preceding cases is: 


h 


32 400 X 6 
191 


1 018.5 lb per sq in 


The full allowable flexural stress as specified for horizontal beams should 
not be permitted, but should be reduced, for timber beams, making an angle A 
with the horizontal, as follows: 

f ' mfc ( 1_ 6T5’ sin ' 4 ) (9) 

in which d « dimension of timber perpendicular to the axis of bending under 
column action, fe - allowable unit stress in flexure, and L ■■ the unsup¬ 
ported length with reference to column action, in inches. 

Then for the case at hand 

/ '- 1 200 ( l --S*0 

— 1 020 lbs per sq in 


5. Design of Purlins 


The Purlin Load, when common rafters are employed to support the 
sheathing, consists of a series of uniformly spaced concentrated loads, of a 
number such that the total load may usually be considered as uniformly dis¬ 
tributed without serious error. When the sheathing or other continuous 
structural covering is supported directly by the purlins, the loading is uniform 
and is equal to one panel-load. 

Purlins are sometimes placed with their principal axes in a horizontal 
and vertical position, without regard to the slope of the roof. Such an 
arrangement provides the greatest resistance to vertical loads; however, it 
may be quite unfavorable for wind-loads. 

The usual method, and the one which provides for the most satisfactory 
details, is to place the purlins so that their principal axes are parallel and 
perpendicular to the roof-slope. 

In any type of construction a purlin on a sloping roof presents a problem 
Of OBLIQUE LOADING. 

When the plane of loading does not coincide with one of the principal axes 
of the section, the purlin does not deflect in the plane of the loading and the 
neutral axis is oblique to that plane. 

At a point such as 0, Fig. 2, the coordinates of which are x and y with refer¬ 
ence to axes X and F, the stress may be found by resolving the bending 
moment, due to the applied loads, into its components along the principal 


axes. 


The stress at point O, due to each component of the moment, is found sep¬ 
arately and the values added algebraically. The stress at point O, Figs. 2(a) 
and 2(b), is, therefore: 


/o 


M (cos A) y M (sin A) x 

I* * h 


(to) 
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It may sometimes be necessary to find the direction of the true neutral 
axis for oblique loading, in order to locate the extreme, or most highly stressed, 
fiber. Since there is zero stress at all points along the neutral axis, x and y 
become the coordinates of one point on that axis when /<> - 0, in Equation 
(10). The ratio yfx then becomes the tangent of angle 0, which the neutral 
axis makes with principal axis X, Fig. 2, or: 

tan 0 - - - ^tanA (11) 

X Iy 

For a given roof-slope A, and a given purlin-section, the maximum unit 
fiber-stress for vertical loading, as given by Equation (10), is. 

, ,, (c i cos A C2sin.4\ v 

/max - Mv ( - + ~ J (12) 

in which M v — the moment of the vertical loads supported by the purlin; 

A — the angle of the roof-slope with the horizontal; 

Ji « moment of inertia of the purlin-section referred to the axis 
parallel to the roof-slope (axis 1-1); 

Ci — the extreme fiber distance with reference to axis (1-1); 

Iz — moment of inertia of the purlin-section referred to the axis 
perpendicular to the roof-slope (axis 2-2); 

Cj - the extreme fiber distance with reference to axis (2-2). 




Fig. 2 

The maximum fiber-stress increases as angle A increases, the increase 
being due to the component of the moment parallel to the roof, or the bending 
about axis 2-2. 

The stress resulting from this component of the bending moment may be 
materially reduced by the use of a rigid structural covering, or by employing 
tie-rods at intermediate points of the purlin-span. When the structural 
covering is rigid, as in the case of a concrete slab, a large portion of the parallel 
component of the vertical roof-load is transferred to the trusses directly 
through the beam action of the slab in the plane of the roof. A structural 
covering of sheathing supported by rafters, or supported directly by the pur¬ 
lins, will provide an appreciable amount of stiffness and beam action in the 
plane of the roof. The value of a structural covering in reducing the bending 
stress about the axis of the purlin, normal to the roof, is indeterminate, and 
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even with a fairly rigid covering the use of tie-rods may sometimes be ad¬ 
visable. 

With an arrangement as shown at (a), Fig. 3, each tie-rod between purlins 
Pi and Pj is assumed to support one-third of the parallel component tributary 
to purlin Pi; each tie-rod between purlins Pi and P% will support the load 
from the one tie-rod in panel © plus one-third of the parallel component 
tributary to purlin P%. The load on each successive set of tie-rods above the 
eave panel is, therefore, increased by one-third of the parallel component of 
one panel-load. The ridge-purlin in such an arrangement is subjected to 
two concentrated loads, at the points of tie-rod connections, each equal to 
the vertical component of the accumulated tie-rod load for each slope of 
the roof. 

For a symmetrical roof the vertical concentrated load at each one-third point 
of the ridge is equal to }/& (S’* L* w sin 2 A ), where w is the unit vertical roof-load 
in pounds per square foot of horizontal projection, S « the spacing of trusses 
in feet, and L ■■ the span of trusses in feet. It is important to note 



that for unsymmetrical roof-slopes or for an unsymmetrical distribution 
of roof-loads, an unbalanced horizontal component will exist at the ridge- 
purlin. 

If the distribution of the roof-loads to the truss is consistent with the 
assumptions relative to the tie-rod action as described, there will be trans¬ 
mitted to the peak of a symmetrical truss, the vertical component of two- 
thirds the total parallel component of the vertical roof-load, or % ( S’L'W ) 
sin 2 A, in addition to the half-panel-load on each side of the ridge-purlin. If 
the roof or roof-loads are unsymmetrical, the ridge-purlin must transfer the 
vertical components of the tie-rod loads plus the unbalanced horizontal 
component to the peak of the supporting truss. 

The reactions of the intermediate purlins on the truss would consist of 
the normal component of one panel-load plus one-third of the parallel com¬ 
ponent of one panel-load. 

In calculating the panel-loads for the design of trusses, when tie-rods have 
been employed as at (a), Fig. 3, the distribution of load is generally assumed 
to be uniform, the previously assumed tie-rod loading being disregarded. 

Such an inconsistency can be justified only on the grounds that a consid¬ 
erable portion of the parallel component of the roof-loads is transferred to the 
trusses directly through the structural covering. 

The method of placing tie-rods as shown at ( b ), Fig. 3, relieves the ridge- 
purlin of the concentrated loads by transferring the tie-rod load directly to 
the peak of the truss. 

The theoretical truss loading for the tie-rod arrangement at (b) is exactly 
the same as for the arrangement at (a). 





1418 


Design and Construction of Roof-Trusses [Chap. 26 


The arrangement of tie-rods as shown at (e), Fig. 3, eliminates the addi¬ 
tional load at the peak of the truss by transferring the full parallel component 
of each panel-load directly to the corresponding panel-point of the truss. 

The action of the various parts of the roof-structure and the distribution 
of the parallel components of the roof-loads, when a rigid structural covering 

Table XVII. Coefficients of M v for Total Maximum Purlin Stress 
in Equation /max = M V K 


For Tie-rods at the One-third Points, or Equivalent 


Section 

I Slope of Roof =* Angle A In Degrees 1 

a 

a 

a 

1 

1 

a 



8"-uj- 11.5* 


8'- lj - 13.75* 


9"-lj-13.4* 


9*- lj - 15.0* 


7"- 1-15.3* 


7"- 1-17.5* 


10'-u-15.3* 


10'- lj - 20.0* 


8'- I -18.4* 


8'- I -20.5* 


8"- I -23.0* 


12'- lj-20.7* 




12'- lj - 25.0* 

iiMiibi B»ff^yaEG5!ia 

8'- C " 24.0* 


10"- C-23.0* 


8" C * 27.0* 


10"-C-20.0* 



Tur+BMEffii iflfoCT EE3 BES3 EB 1 EE|jj EES m 


12"-C-25.0* 


10" C - 30.0 * 


9"-C -32.0* 

WMMmnmaumMmMmvMsuwM 

12" C -28.0* 

vtmmtoimmiTrmimmmmmmimM 

12"-C -32.0* 


12" C -80.0* 

Ifli&U hiha 1 hix»>^ m g»xfa y l:i jJ|«M Wl 


is used without tie-rods, is probably not dissimilar to the conditions existing 
when a tie-rod system such as illustrated at (c) is employed with a norrrigid 
covering. 

When a purlin is supported by tie-rods at the one-third points of its span, 
L, the unsupported length is reduced to one-third L, and the three spans 
become a partially continuous beam with respect to moments parallel to the 
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roof-slope. The coefficients of wL 2 for both positive and negative moments 
may be taken as and Equation (12) becomes: 

/ u Ai cos ^ 8 a sin „4\ 

/m “ " M ' \~7T~ + 90 ~7T) (,3 > 

For a given roof-slope and a given purlin-section the quantity within par* 
enthesis in Equation (13) is a constant, or: 

/max — M V 'K (14) 

The values of K, Equation (14), for various rolled-steel sections commonly 
used as purlins, are given for various roof-slopes, in Table XVII. 

The stress coefficients for timber purlins, assuming no support in the plane 
of the roof, are given in Table XVIII. 

With the usual methods employed in timber roof-construction, where the 
continuous sheathing is supported by rafters spanning between purlins, or 
where the sheathing is supported directly by the purlins, the bending stress 
due to the moment in the plane of the roof is somewhat reduced. This stress 
may be assumed as equivalent to that produced by the component of the 
roof-loads in the plane of the roof when the purlin has a support, in the plane 
of the roof, at its mid-point of span. 

The stress coefficients for this case are given in Table XIX. 

Example 1. Purlin Design. Let it be required to design a steel-beam 
purlin for the following data: 

(1) Spacing of trusses « 18 ft 0 in. 

(2) Equivalent uniform design load carried by purlin - 68 lb per sq ft 

of roof. 

(3) Spacing of purlins along the slope of the roof =* 8 ft 6 in. 

(4) Slope of roof (Angle .4) - 30°. 

(5) Allowable working unit stress - 18 000 lb per sq in. 

(6) Structural covering consists of a nailing concrete slab. 

M v - 3^ x 68 (18 X 8.5) X 18 X 12 « 280 900 lb-in 

From Equation (14), 

^ 18 000 

“ 280 900 “ 0,0641 

From Table XVII, a 9 in -I- 21.8 lb, or any section having a smaller 
coefficient than 0 0641 in the column for 30° slope, will be satisfactory. 

Example 2. Let it be required to design a timber purlin for the following 
data: 

(1) Spacing of trusses - 16 ft 6 in. 

(2) Equivalent uniform design load - 38 lb per sq ft of roof. 

(3) Spacing of purlins - 7 ft 8 in. 

(4) Slope of roof (Angle A) - 33°. 

(5) Allowable working unit stress - 1 200 lb per sq in. 

(6) No support assumed in the plane of the roof. 

M 9 - H-38 (16.50 X 7.67) 16.50 X 12 - 118 900 lb-in. 

From Equation (14), 

K m JJ - QQ . * 0.0101 
118 900 

From Table XVIII, interpolating between the values for 30° and 35°, 
t is found that the proper purlin size is a nominal 8 X 12-in timber. 


38 lb per sq ft of roof. 



1420 


Design and Construction of Roof-Trusses [Chap. 26 


Table XVIII. Timber Purlins. Coefficients of M v for Total Maxi¬ 
mum Purlin Stress in Equation /max — MvK 

No Support in the Plane of the Roof 



WiTOTM MTiflBE MfiTPTPM ■ in: fc n tom MiHcw ■miJJi 




EQ3EZ!!I!IIKZ!I!3iES!I^iESS9l!I!IE3l!H3IEZiZII!lj 



Table XIX. Timber Purlins. Coefficients of M v for Total Maxi¬ 
mum Purlin Stress in Equation /max = M,K 

Support in the Plane of the Roof Equivalent to a Center Tie-rod 
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6. Details of Timber Construction 

Working Unit Stresses. The allowable working unit stresses for vari¬ 
ous structural timbers, to be used in dry locations, and where the deflection 
is not to increase with time, are given in Tables XX and XXI. 


Table XX. Allowable Unit Working Stresses for Structural Timber 
in Dry Locations 


Kind of Timber 

Standard. 

Grade 

Allowable Unit Stress. Lb per Sq In | 

Flexure 

Compression | 



■Kanm 

HEESSiHl 

Douglas Fir (Oregon and 
Washington) 

Select 

1600 

90 

1175 

345 

Common 

1200 

72 

880 

325 

Douglas Fir (Rocky Mtn. 
Region) 

Select 

1100 

86 

800 

275 

Common 

880 

68 

610 

Hfcmlock(West Coast) 

Select 

1300 

76 

900 

300 

Common 

1010 

60 

720 

JSbmlock (Eastern) 

Select 

1100 

70 

700 

300 

Common 

880 

56 

660 

Oak (White and Rod) 

Select 

1400 

125 

1000 

500 

Common 

1120 

100 

800 

Pino (Southern Yellow) 

Select 

1600 

110 

1173 

345 

Common 

1200 

88 

880 

325 

Pihe(Northern White 
and Western Yellow) 

Select 

900 

85 

750 

250 

Common 

720 

68 

G0Q 

Pine (Norway) 

Select 

1100 

85 

800 

300 

Common 

880 

68 

610 

Redwood 

Select 

1200 

70 

1000 

250 

Common 

960 

56 

800 

Spruce Red and White) 

Select 

1100 

85 j 

_ 800 

250 

Common 

880 

68 | 

640 

Fir Commercial White) 

Select 

1100 

70 

700 

300 

Common 

880 

56 

560 


The working unit stress for axial tension may be taken as the values given for 
extreme fiber stress in flexure For buildings in which the timber is protected from the 
elements and not subject to vibrations of impact loads, the allowable working unit 
stresses may be increased 20%. 

Where a moderate increase in deflection after first placement of the 
load is not objectionable, the compressive and extreme fiber-stresses given in 
the tables may be increased 20%. When the structure is subject to vibra¬ 
tions or impact, the stresses should not be increased beyond the tabular 
values. The stresses as given were compiled from the recommendations of 
the United States Forest Service and the Forest Products Laboratory. 

Accessory Materiel. Steel in the form of rods, plates, bolts, screws, and 
nails; and cast iron in the form of washers and bearing-plates, are not only 
convenient and valuable auxiliary materials used in conjunction with timber 
construction, but are often necessary adjuncts in most timber structures. 
Timber is capable of resisting tensile stress to an amount equal to the allow* 
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able unit stress in flexure; however, it is difficult to make satisfactory tension 
connections for timber-members. Steel rods, on account of the simplicity 
of connection details, provide the most satisfactory and at the same time the 
most economical forms for web tension-members, in timber-roof-trusses. 


Table XXI. Allowable Unit Working Stresses for Timber Columns 
in Dry Locations 

Values In Pounds per Square Inch 


KlnAol Timber 

Standard 

Grade 

Ratio of Length to Least Dimension t=* L j 


isa 

a 

m 

o 

d 

E3 

o 

B7H 

E3 

EH 

O 

Pine (Northern White 

and Western Yellow) 

Select 

E3 

7S3 

wm 

E3 

EH 

EH 

HQ 


E3 

0 


Common 

EJ 

E23 

1751 

EH 

m 

EH 

EH 

Dongles Fir (Ore. and 
Wash/) 

Pine (Southern Yellow; 

Select 

Q2Z3 

rtm 

rrm 

5751 

223 

EH 

EH 

m 

368 

m 

m 

Common 

E3 

wm 

urn 

Em 

EH 

EH 

EH 

Douglas Fhr(B^r. MtnJUg.) 

Select 

E3 

EH 

E2Z3 

EH 

F7?1 

m 

EH 

m 

268 

□ 

m 

SprucoiKed and wmtci 

Pine (Norway) 

Common 

G3 

I5E1 

@1 

Bn 

EH 

17151 

1771 


Hemlook( West Goast) 

Select 

ESI 

r?i 

EE3 

EH 

EH 

EH 

cm 

m 



□ 

Common 

m 

EE3 

EH 

EH 

□ 

EH 

EH 

Q 


Select 

ES3 

F751 

EH 

EH 

cm 

03 

cm 


m 

188 

121 

Common 

EE3 

1571 

rm 

03 

EH 

ITSI 

EH 

Oak (White and Red) 

Select 

rrm 

1751 

E29 

EH 

m 

o 

1771 

0 

336 

25* 

164 

Common 

m 

m 

F751 

EH 

EH 

ei 

cm 

Redwood 

Select 

rrm 

12] 

131 

ESQ 

EH 

EH 

526 

905 

268 

206 

132 

Common 

EH 

EH 

EH 

EH 

EH 

EH 


For Buildings in which timber is protected from the elements and not subject to 
vibration or impact loads, the allowable unit stresses may be increased 20%. 


Washers. The allowable compression normal to the grain of the various 
kinds of timber used in building-construction is less than the allowable com* 
pressive stress parallel to the grain. For this reason it is necessary to use 
washers under the heads and the nuts of steel rods and bolts to properly 
distribute the loads to the timber surface. 

It is evident from the range of allowable bearing values normal to the grain 
for various kinds of timber, that the term standard washer has no meaning 
in so far as timber structures are concerned. The types of washers generally 
used in timber construction are ogee cast-iron washers, Fig. 4(a), or rec¬ 
tangular STEEL-PLATE WASHERS. 

All bolts and rods used in timber construction should be provided with 
washers of ample area to conform to the allowable bearing unit stress normal 
to the grain of the timber, regardless of what may be termed standard wash¬ 
ers. In a well-designed detail, both the diameter and thickness of an ogee 
washer depend upon the allowable bearing unit stress for the timber and the 
total stress in the rod or bolt. 

A related system of dimensions for cast-iron ogee washers, so established 
that both the bearing stress on the timber and the flexural stress in the 
washer, for assumed uniform pressure, reach their full allowable values simul¬ 
taneously, is shown in Fig. 4. 

Example. To illustrate the use of the diagrams shown in Fig. 4, let it be 
required to design a cast-iron ogee washer for the following data: 
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(1) Tension on lj^-in upset rod - 15 600 lb. 

(2) Allowable unit bearing normal to grain of timber ■■ 345 lb per sq in. 

(3) Allowable flexural unit stress in cast iron « 3 000 lb per sq in. 

Enter the upper portion of the diagram on the horizontal line, for a total 
load on the rod of 15 600, and at the intersection of this line and a vertical 
through /ft — 345, find the value of D — 7.5 in. 

In the lower portion of the diagram, at the intersection of the ordinate 
through /& — 345 and the curve for an allowable tension of 3 000 lb per sq in 
in cast iron, find the ratio TJD — 0.253. The required dimensions of the 
washer are: 

D - 7.5 in; 

T - 7.5 X 0.253 - 1.897 or in; 

T 

Ri - — — 0.632 or % in; 

T 

Ri - - - 0.948 or 1 Ye in; 

* - Yl (7.5 - 1.5) - 3 in. 

The diameter of the outer face of washer is: 

2 (%) + (1.5 + 0.25) - 3*^ in. 

The approximate dimensions of cast-iron ogee washers, in terms of the 
diameter of the bolt or rod, are given in Table XXII, Fig. 5. 

When the loads to be transferred are large it is sometimes necessary to use 
cast-iron washers of the ribbed type such as illustrated at (a), ( b ) and (c). 
Fig. 5. 

For connections in which the bolt or rod is inclined to the bearing surface 
of the timber, beveled cast-iron washers such as illustrated at ( d) and (e), 
Fig. 5, may be employed. 

In designing a beveled washer it is necessary to provide sufficient resistance 
parallel to, as well as normal to, the grain of the timber. The component of 
R, parallel to the grain, Fig. 5(«), must be resisted by a compression on the 
ends of the fibers along AB of an amount equal to component H of the 
stress R. The component T, normal to the fibers, must be resisted along the 
surface AC. 

The resultant pressure on each resisting surface must intersect at a com¬ 
mon point on the action line of the stress in the rod if a uniform distribution 
of pressure on the two surfaces is to be obtained. The size and thickness of 
steel-plate washers for various sizes of rods and various allowable bearing 
values are given in Table XXIII. The dimensions of the sides of the 
washers are given to the nearest Y in, and the required thicknesses, assum¬ 
ing a uniform distribution of pressure, are given to the nearest Ye in. The 
thickness of flat-plate washers should never be less than 0.6 times the root 
diameter of the bolt or rod with which they are used. 

Lag-Screws. Lag-screws are essentially large screws with a head similar 
to that of a bolt. They vary in size from in X to 1 in X 12 in. 

Perhaps the most valuable experimental data relative to the value of lag- 
screws in timber details were reported by Mr. H. D. Dewell in Engineering 
News, July 20, 1916. The safe working values recommended for the sizes of 
lag-screws most commonly employed in building-construction are given as 
follows: 
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Fig. 5(o) 

Ogee Cast Iron Washers 
Table XXII 
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Special Cast Iron Washers 



Elevations 



Section A Section B Section C 



Fig. 5. and Table XXII. Cast-iron Washers 
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Table XXIQ. Dimensions of Steel Plate Washers for Various 
Sizes of Rods and Bolts and Various Bearing Values * 
Dimensions of Plates in Inches 


Bolt or Rod 

Total Allowable 
Stress In Pounds 

(Dimensions of Steel Plate Washers (Inches) 

f. =x1 IWY) T.h npr Sin Tn H f. 3*18000 11, rmr Hn In 

Diam. 

In 

Net Area 
Sq In 

/, *16000 
LbpcrSqls 




/,*18000 
LbperSqlx 

Km 

mm 

WM 

Lb per Sq In 

f 1=300 
Lb per 8q In 


am 

E£S 

3 230 

Mil'll 

3**3* *Kc 

BESSES 


8**3*.^ 

3**3*xX 6 


\am 



■zm 


4**4>|X* 



4%*4>M* 


XUpeet 

0.442 

7 070 

7 960 

4**4**H 

6x6x* 





X 

0.419 

6 700 

7 540 

4**4**H 

4*x4*x>f 

6*x5*x* 

4?i*4*x* 

5*xb*x* 

5*x6*x* | 

X Upset 

0.601 

9620 

10820 

0^*5**% 

5*x6*i% 


&*x 

«**C*x% 



BE? -'-d 

FTI'/yi 




7*x7*x* 


jbssu i 

52B2J3 

[lXUpset 

0.994 

15 900 

17 890 

msm 


8*xb*xl 



8**8*xl 

B3233 


ESI 


522222 


0x0x1* 

333333 


9*x0*xl* 

233SS 

HE3 

13 V /'- 1 1 

(3EI 

8**3**1* 

0x0x1* 


0x0x1* 

9*x9*xl* 

10**10 *»1* 

2333SE 

ES9I 

£21 

E2S3 

9*x9*xl4 

lOxlOxl^s 



ioviov^j 

ZSSESii 


• The allowable unit-bearing values, Table XX, may be increased 20% when the 
washer does not cover more than 80% of width of timber. 


Metal plate lagged to timber: 

X 4}^-in lag-screws 1 030 lb per screw 

X 5-in lag-screw 1 200 lb per screw 


Wooden plate lagged to timber: 

X 4}^ in lag-screws 900 lb per screw 

% X 5-in lag-screws 050 lb per screw 


Bolts. Bolts employed in timber cons* .ion are classified as: (a) com¬ 
mon, or hough; ( b ) machine, or finished; (c) drift-bolts. 

Common bolts are manufactured either as rough or finished, the former 
being the type more generally used in timber construction. Finished bolts 
are obtained by turning rough bolts to exact dimensions, and are more gen¬ 
erally used in connecting metal parts of machines. 

Drift-bolts are either round or square in section, with or without heads 
or points, and are driven as a spike. 

Tension web-members in timber roof-trusses are generally long steel rods 
with heads of sufficient thickness to develop the safe net tensile strength of 
the rod. The other end of the rod is threaded to receive a nut. Such mem¬ 
bers are in reality long bolts, and the effective cross-section is the net section 
at the root of the threads. These values are to be found in the manufac¬ 
turers* handbooks. 

The excess metal required throughout the length of a tension rod to pro¬ 
vide a sufficient area at the root of the thread can be reduced by the use of 
upset screw-ends. The diameter of a portion of the rod at the threaded end 
is enlarged so that the net section, after the threads are cut, is equal to or 
greater than the gross section of the body of the rod. 

Economical design requires that tension rods of a diameter of 1 in or more 
be upset for lengths greater than 10 to 12 ft. 
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Allowable Compression on Surfaces Inclined to the Direction of the 
Grain. Joint details in timber construction frequently require the members 
to be cut or notched at an angle with the grain of the various timbers to be 
joined. The allowable unit compression on an inclined surface is somewhat 
indeterminate. 

Professor Henry S. Jacoby, in Structural Details,* has developed the fol¬ 
lowing general equation: 

c ■■ p sin 2 0 + n cos 2 0 (15) 

in which c ■» allowable unit compression on inclined surface; 

p m allowable unit compression parallel to the grain; 
n — allowable unit compression normal to the grain; 

0 — angle of inclined surface with the grain. 

On the basis of a number of tests on various kinds of structural timber, 
Professor M. A. Howe developed the following equation for allowable unit 
compression on inclined surfaces: t 

/ 0 °\ 

c - n + (p — n) [—) (16) 

where the notation is the same as in Equation (15). 

Resistance of Timber to Pressure from Metal Pins and Bolts. The bearing 
of a cylindrical pin or bolt in a close-fitting hole is a special case of compression 
on inclined surfaces. Each differential surface around the periphery of the 
cylinder will have an allowable unit compression depending upon the angle 
which the tangent to the cylinder, at that point, makes with the grain of the 
timber. 

The average unit stress on the diametral plane of the cylindrical body for 
load applied parallel to the direction of the grain is given by the following 
equation: 

B -%p+ H n (17) 

; n which B — the allowable average unit compression on the diametral 
plane of bolt or pin; 

p ■■ allowable unit compression parallel to the grain; 
n — allowable unit compression normal to the grain. 

The total resistance of the bolt or pin, when the bending in the bolt or pin 
is not the limiting factor, is: 

B-d-l - (%P+ (18) 

where d - diameter of bolt or pin and / - the length subjected to load. 

Bending Stresses in Bolts and Pins in Timber Joints. Bolted joint3 in 
timber construction may be made with wood splice-pads, as illustrated in 
Fig. 6, or with steel splice-plates as shown in Fig. 7. 

Neglecting the friction on the contact surfaces of the splicing members and 
the members spliced, each bolt in the connection must act as a beam, being 
loaded throughout its central portion by the bearing of the main member, and 
supported at each end by bearing on the splicing member. The actual dis¬ 
tribution of the bearing throughout the length of the bolt is indeterminate, 

* Structural Details or Elements of Design in Timber Framing, by H. S. Jacoby; John 
Wiley & Sons, Inc., 1921. 

t Eng. News. Vol. 68, No. 5 and Na 10. 
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on account of the deflection of the bolt and the friction in the joint resulting 
from the drawing up of the bolts. 
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Capacity of Bolts used with Steel Splice Plates. f 8 =16000 Lb per Sq In 

Fig. 7 

Figs. 6 and 7. Stresses in Bolts and Pins in Timber Joints 

In Fig. 6, the distribution of pressure upon the bolt from the main member 
is assumed to vary from maximum at the contact surfaces with the splice- 
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pads to a minimum at the center of the bolt-span, where the deflection 
is the greatest. The variation is assumed to follow the law of the parabola. 
The bearing of the bolt on the fibers of the splice-pad is assumed to follow 
the same law. 

If the resisting moment of the bolt is equal to the bending moment: 

in which B - safe unit bearing value on the cylindrical bolt; 
d » the diameter of the bolt in inches; 

z — length over which the bearing is acting (being equal for both 
splice-pad and main member) in inches; 
k — breadth of main member in inches; 

ft — allowable flexural unit stresses in bolt, in pounds per square 
inch; 

— — section-modulus of bolt cross-section in inches *. 
c 


If the value of z is such that with the maximum allowable bearing on bolt, 
the allowable flexural unit stress is just developed: 




f s TTcl2 


( 20 ) 


For all values of z — -r> the load distribution on the bolt is as shown in 
“ 2 


Fig. 6. For values of z > —, but not exceeding k, the pressure volume will 


be assumed to be folded back at — as shown in Fig. 7. 

Equation (20) shows that for all usual values of /, and B, z exceeds -- only 
k 

when the ratio — is comparatively small, that is, when the diameter of the 
a 

bolt is large compared to its length, and in such cases a more uniform dis¬ 
tribution of pressure is to be expected. 

It is also evident that the assumed folding back of the pressure volumes 
results in a slightly smaller moment. In any case, therefore, for all values of 
z up to z — k, provided the thickness of wood splice-pads is equal to z up 

k k k 

to values of z - — and equal to — for values of z greater than ~, the capacity 

of any bolt may be expressed as twice the reaction on one splice-pad, or: 


C - 



( 21 ) 


where B is the value given by Equation (17) and C - the capacity of the bolt 
in pounds. The value of z is given by Equation (20). The relations between 
z k 

the ratios r and — for usual values of B and for an allowable working unit 
k a 

stress of 16 000 lb per sq in for bolts in flexure are shown graphically in Fig. 6. 

When the main members are spliced by steel splice-plates, as shown in 
Fig. 7, the span and deflection of the bolt are reduced, thereby increasing the 
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capacity of the bolt. Using the same notation and assumptions as before, 
except that in this case the pressure of the bolt upon the steel splice-plates is 
assumed to be concentrated at the center of the plate: 



2 £ 

The relations between - and — for various values of B, and for f a — 16 000 lb 
k d 

per sq in — allowable flexure in bolts, are shown graphically in Fig. 7. Under 
favorable conditions and with good workmanship the capacities of bolts as 
determined from the diagrams in Figs. 6 and 7 may be increased 20%. 

The manner in which these diagrams are used will be explained by the 
following numerical examples: 

Example 1 . Let it be required to design a bolted joint to splice a nominal 
8 X 8 -in southern yellow pine timber, using 4 X 8 -in wooden splice-pads. 
The stress to be provided for is 22 500 lb total tension. 

The following working unit stresses are taken from Table XX: 

Compression parallel to grain — 1 175 lb per sq in 

Compression normal to grain — 345 lb per sq in 

Then B = % (1 175) -f ^3 (345) - 900 lb per sq in 

k 

If 1-in bolts are to be used, — — 7.5, and in Fig. 6 , the ordinate through this 
d 

value of k[d intersects the curve for B — 900 at z/k — 0.42, whence z — 0.42 
X7.5 - 3.15. 

The capacity of one 1 -in bolt is: 

C - % (900 X 1 X 3.15) 1.2 - 2 260 lb 

The number of bolts required on each side of the splice is 22 500/2 260 or 
ten 1 -in bolts. 

Example 2 . Let it be required to design the joint in the preceding example 
using steel splice-plates. From Fig. 7, the value of kfd « 7.5 intersects the 
curve for B = 900 at zfk =» 0.62, whence z «* 0.62 X 7.5 *= 4.65. The 
capacity of one 1 -in bolt is: 

C - % (900 X 1 X 4.65) 1.2 - 3 340 lb 

The number of bolts required on each side of the splice is 22 500/3 340 or 
seven 1 -in bolts. 

7. Detailed Design of Timber Roof-Construction 

The structural design of a timber roof includes the design of the sheath¬ 
ing, rafters (if used), purlins, ceiliNg-beams (if the ceiling is supported 
by the trusses) and the trusses. In order to illustrate fully the general 
method of procedure a roof of timber construction will be completely designed 
for the following data: 

Given Data. (1) The finished roof surface is to be J^-in slate laid 4 in to 
the weather over one layer of slater's felt on tight sheathing. 
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( 2 ) An investigation will determine the relative economy of sheathing 
supported directly by the purlins and the use of rafters to support the 


sheathing. 

(3) Slope of the roof. 30° 

(4) Trusses to be supported on masonry walls; span, center 

to center of bearing . 44 ft 0 in 

(5) Spacing of trusses . 18 ft 0 in 


( 6 ) Material for sheathing, rafters, and purlins will be common southern 
yellow pine and the timber-members of the truss will be southern yellow 
pine of the select grade. 

(7) Allowable unit stresses will be taken from Tables XX and XXI with 
the recommended increase of 20%. Tension in timber will be taken equal 
to the allowable bending in the extreme fiber, without increase. 

( 8 ) The allowable unit stresses for steel will be: 

Tension. . . 16 000 lb per sq in 

Shear . 10 000 lb per sq in 

Flexure (extreme fiber). 18 000 lb per sq in 

Bearing. 20 000 lb per sq in 

(9) The allowable unit stresses for cast iron will be: 

Flexure (extreme fiber) . 3 000 lb per sq in 

Compression. 12 000 lb per sq in 

Shear . . 2 000 lb per sq in 

The following unit loads, taken from Tables I to V, inclusive, will be 
adopted: 

(1) Roof-covering . 9 lb per sq ft of roof 

(2) Snow-load . 20 lb per sq ft of roof 

(3) Ice and sleet. 10 lb per sq ft of roof 

(4) Ceiling plus framing. 15 lb per sq ft of roof 

(5) Wind-load .24 lb per sq ft of roof 

Design of Sheathing. The superimposed load on the sheathing, in pounds 
per square foot of roof, is: 

Finished roof . 9 lb 

Sheathing (assumed) . . 5 lb 

Equivalent uniform vertical live load (Table VI) .. 241b 

Total . 38 lb 

It is evident from an inspection of the span that the purlin spacing will 
be about 8.5 ft. 

The required thickness of .sheathing, determined by the limitation for 
deflection, is given by Table XV, as: 

1 ■ X 1 - 1.66 or 1 Y% in 

If rafters are used to support the sheathing at 24-in centers the sheathing 
may be made a minimum thickness or in. The superimposed unit load 
on the rafter will be practically the same as in the preceding investigation. 

Assuming nominal 2 X 6 -in rafters (1% X 5§'$), — - 8.57 and A m 9.14. 
The total vertical load per rafter span is 2 X 8.5 X 38 -» 646 lb. From the 
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method of design given in Case 2, Article 4, the average direct compression 
on the rafter is % (646) sin 30° - 162 lb. The maximum moment at the 
mid-point of span is: 


and 


Mmax 


/max 


646 X 8.5 X 12 
8 

8 250 162 

8.57 + 9.14 “ 


- 8 250 lb-in 


983 lb per sq in 


It is more economical to use the thinner sheathing supported by rafters 
than to use the thicker sheathing supported directly by the purlins, and since 
there is no limitation on the vertical dimensions of the structure in this case, 
the more economical method will be used. 

Design of Purlins. The dead load supported by the purlins, in pounds per 
square foot of roof, is: 


Finished roofing. 9.0 lb 

Sheathing. 3.0 lb 

Rafters. 1.5 lb 

Purlins (estimated). 3.5 lb 


17.0 lb 


The equivalent uniform live load from Table VI is 24.0 lb per sq ft of roof- 
surface. The total design load is (17 -f 24) — 41 lb per sq ft of roof. 

The total purlin moment due to the vertical loading is: 


M v 


41 (8.5 X 18) 18 X 12 
8 


170 000 lb-in 


If the working unit stress be taken at 20% more than that given in Table 
XX, or 1.2 X 1 200 - 1 440, the maximum stress coefficient is: 


K 


1 440 
170 000 


0.0085 


Assuming no intermediate purlin support in the plane of the roof (Table 
XVIII), the size of purlin required is a nominal 8 X 14-in timber. If the 
rafter and sheathing construction is assumed to provide support in the plane 
of the roof equivalent to a single center support (Table XIX), the required 
nominal size of purlins is 8 in X 10 in. 

Since rafter and sheathing construction cannot be assumed to provide as 
rigid a support in the plane of the roof as solid sheathing, the purlins in this 
case will be taken as the average required by Tables XVIII and XIX, or a 
nominal size of 8 in X 12 in. 

Design of Ceiling-Beams. The ceiling will be supported by horizontal 
beams, framed between and supported by the truss at the lower chord 
panel-points. The ceiling-joists will be nominal 2 in X 4 in at 16-in centers 
framed between the ceiling-beams to support the plaster base and plaster. 
The unit loading for the ceiling-construction is: 

Plaster base and piaster... 10.0 lb per sq ft 

Ceiling-beams (assumed). 1.25 lb per sq ft 

Ceiling-joists (assumed). 1.25 lb per sq ft 

Total......*... 12.5lb per sq ft 











Art. 7] Detailed Design of Timber Roof-Construction 1438 

The total load on each ceiling-beam, assuming six spans along the lower 
chord, is: 


18 X 7,33 x 12.5 
1 650 X 18 X 12 


1 650 lb 
44 600 lb-in 


Assume a width of beam of 4 in (actual 3j^ in), then: 

f i 440 

L bd* - —— (3%) d* - 44 600 
o 6 

whence d - 7.2 in 


The nominal size beam required by flexure is, therefore, 4 in X 8 in 
(I/c m 33.98), and the extreme fiber-stress - 1 310 lb per sq in. 

The maximum deflection (Table VIII, Chapter XVII) is: 


1 310 6 075 

1 000 X 7.5 


1.14 in 


The limit for the deflection of beams supporting plastered ceilings is LJ3 60, 
or in this case 0.6 in. 

It is evident, therefore, that a beam of about a 10-in depth must be used 

to provide sufficient stiffness. Assume a nominal 4 X 10-in beam ( - «■ 54.53 ) , 
then: * 


and 


/ 

A 


44 600 
54.53 
820 

1 000 x 


820 lb per sq in 


6.075 

9.5 


0.525 in 


The allowable unit horizontal shear is 1.2 X 88 - 106 lb per sq in. The 
maximum unit horizontal shear for the 4 X 10-in beam (actual area — 
34.45 in*), is: 

3 825 Ik 

* - 2 3445 “ 36 lb per sq m 

The check for horizontal shear might also be accomplished by referring to 
Table V, Chapter XVII. The horizontal shear does not govern in southern 
yellow-pine beams when 

> 13.0 
a 

Da sign of Trusses. The various factors governing the selection of the 
type of truss for any given case are; 

( 1 ) The slope of the roof; 

( 2 ) The available depth for the trusses; 

( 3 ) The relative positions of upper and lower chord loads; 

( 4 ) The material of which the truss is to be constructed; 

( 5 ) The span and spacing of trusses and the magnitude of loads to be 
supported. 

The advantages of the Howe type of truss for timber construction have 
been discussed in Chapter XXV. The only disadvantage of this type for 
symmetrical triangular roof-trusses is that it necessitates long compression 
web-members in the panels adjaclnt to the center of the span. 
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In timber construction this objection is of less consequence than in steel 
construction. The number of panels for a triangular roof-truss of a given 
span depends upon the satisfactory span of the structural covering and an 
economical value for the unsupported length of the upper chord members 
of the truss. The most economical arrangement in timber construction 
provides for upper chord panel lengths not less than about 6 ft and not 
greater than about 10 ft for the usual types of roof-construction. A six-panel 
Howe truss, as shown in Fig. 8, will be selected for the design under con¬ 
sideration. 

Weight of Truss. The total load to be supported by the truss is: 

Upper chord: 

18 ft (44 ft Sec. 30°) 41 - 37 600 lb 

Lower chord: 

18 ft X 44 ft X 12.5 - 9 900 lb 

Total 47 500 lb 


The approximate weight of the truss as given by Equation (1) is: 


TV 


47 500 / 44 44 \ 

65 V + 30 + 5 V 18 / 


- 2 600 lb 


This weight will be distributed to the panel-points of both upper and lower 
chords as follows: 

To upper chord: 1.5 lb per sq ft of roof-surface. 

To lower chord: 1.5 lb per sq ft of horizontal projection. 

The final corrected unit loads are: 


Upper chord: 
Dead loads: 


(1) Finished roofing. 

. 9.00 

lb 

per 

sq 

ft 

of 

roof 

(2) Sheathing. 

. 3.25 

lb 

per 

sq 

ft 

of 

roof 

(3) Rafters. 

. 1.50 

lb 

per 

sq 

ft 

of 

roof 

(4) Purlins . 

. 3.00 

lb 

per 

sq 

ft 

of 

roof 

(5) Truss. 

. 1.50 

lb 

per 

sq 

ft 

of 

roof 

Total. 

. 18.25 

lb 

per 

sq 

ft 

of 

roof 

Snow-load (max.). 

. 22 50 

lb 

per 

sq 

ft 

of 

roof 

Snow-load (min.). 

. 10.00 

lb 

per 

sq 

ft 

of 

roof 

Wind-load. 

. 24.00 

lb 

per 

sq 

ft 

of 

roof 


Lower chord: 


(1) Ceiling-beams. 2.0 lb per sq ft 

(2) Ceiling-joists. 1.5 lb per sq ft 

(3) Plaster base and plaster. 10.01b per sq ft 

(4) Truss . 1.5 lb per sq ft 

Total. 15.0 lb per sq ft 


The total panel loads are: 
Upper chord: 

(1) Dead load 

(2) Max. snow-load 

(3) Min. snow-load 

(4) Wind-load 


18 X 8.47 X 18.25 - 2 780 lb 
18 X 8.47 X 22.50 - 3 4301b 
18 X 8 47 X 10.00 - 1 530 lb 
18 X 8.47 X 24.00 - 3 660 lb 
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Table XXIV. Maximum Stresses and Required Sections 
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Fig. 8 Mid Table XXIV. Six-panel Howe Truss 
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Lower chord: 

(1) Dead load - 18 X 7.34 X 15.00 - 2 000 lb 

The truss will be considered as anchored at each bearing and the horizontal 
component of the wind-load will be assumed to be equally divided to the two 
supports. 

The necessary stress-diagrams for determining the maximum stresses in 
the members of the truss are shown in Fig. 8 and the results are given in 
Table XXIV. 

Design of Members. Upper Chord. The upper chord will be made of a 
uniform section throughout. Splices are undesirable in chord members and 
the possible saving of material is offset by the sacrifice in stiffness. The max¬ 
imum design stress is 41 000 compression. The L/d ratio (assuming a least 
dimension of 5}^ in) is 18.5 and the allowable unit compression (values given 
in Table XXI increased by 20%) is (1 025) 1.2 - 1 230 lb per sq in. 

41 000 

The required area is — - 33.4 sq in. 

The nearest size of standard-dimensioned timber meeting this requirement 
is a nominal 6 X 8 in (5-^ X in) with a gross-sectional area of 41.25 sq in. 
An excess of 15% to 20% in compression-members is not undesirable in the 
design of details, as will be seen. 

Lower Chord. The gross-sectional area of the tension chord should be 
from 40% to 60% greater than the required net area, since notches, bolt¬ 
holes and other reductions of the section on account of joint details will 
materially reduce the gross area. Moreover, an excess of area in both chords 
is desirable on account of the secondary stresses resulting from unavoidable 
eccentricity in the joint details. 

The net area required for the lower chord in the end panels is 37 250/1 600 
— 23.4 sq in. A nominal 6 X 8-in timber will provide about 50% excess 
section and will be used for the lower chord member throughout. It will be 
necessary to splice this member and the splice will be made between joints IV 
and VI. The maximum stress in this section is 28 470 lb tension. One-inch 
bolts and steel splice-plates will be used. The number of bolts 

required is determined as follows: 

B - 1% (1 175) -f H (345)] 1.2 - 1 080 lb per sq in 
z 

From the diagrams in Fig. 7, ~ — 0.77 for the lesser width of the timber, 
k 

or z - 0.77 X 5.5 - 4.25. 

The capacity of one bolt is: 

C - (1 080 X 1 X 4.25) - 4 600 lb 

The number of bolts required on each side of the splice is 28 470/4 600 - 6.2 
or 6 bolts. If the splice is made with the bolts through the larger dimension 
of the timber, * — 0.57 X 7.5 - 4.27, and the same number of bolts are 
required as before. 

Members 2-3 and 4-5. The length, center to center of end details, of 
member 2-3 is 102 in. Assuming a nominal 4 X 6-in (3% X 5 J£in) timber, 
102 

Lfd m and the allowable unit stress is 630 X 1.2 - 750 lb per sq in. 

The required net area is 14.10 sq in and the area provided is 20.39 sq in. 

134 

The ratio L/d for member 4-5 is — 24.5, assuming a 6 X 6-in timber. 
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The allowable unit stress is 725 X 1.2 - 870 lb per sq in. The net area 
required is 16.3 sq in and the gross area furnished by a nominal 6 X 6-in 
timber is 30.25 sq in. An investigation of smaller sections will readily show 
that the size of member 4-5 is governed by the Lfd ratio and that a 6 X 6-in 
timber is the smallest that may be used. 

Tension Web-Members. The tension web-members will be plain round 
rods throughout. A slight saving in weight could be made by using an upset 
rod for member 5-6, but the saving is too small in this case to justify the 
change. 

As an example of the design of the tension web-member, consider member 
5-6. The maximum stress is 18 900 lb tension. The net area required is 
18 900/16 000 — 1.18 sq in. The net area, at the root of the thread of a 
lj^-in rod, is 1.29 sq in. A \%-in upset rod provides a net area of 1.22 sq in 
and requires an additional 4 in in length for the upset. The saving in weight, 
using the upset rod, would be 12.7 X 6.0 — 13.08 X 4.17 «■ 21 lb. 

Design of Joints. The design of the joint details, in timber construction, 
is of greater importance than the design of the members. The requisites of a 
good joint are: 

(1) Capability of transferring stress directly. 

(2) Simplicity of detail. 

(3) Avoid the use of different kinds of auxiliary material, with different 
physical characteristics, in the transfer of stresses. 

(4) The efficiencies of the various parts should be the same. 

End-Joint. The various methods which may be used in the design of the 
end-joint can be classified as follows: 

(.4) Notched types. 

(B) Gusset-plate, plain or tabled. 

(C) Bearing-plate or sole-plate. 

Each of these types has numerous variations; however, the fundamental 
principles of each may be demonstrated by a few typical examples. 

Joint I. Type A. Fig. 9. When the cornice detail is such that it may be 
made to enclose the projection of the lower chord beyond the exterior wall 
the detail shown in Fig. 9 provides a simple and economical method for 
Joint I. 

The upper chord stress is transmitted to the lower chord through direct 
bearing on planes normal to the upper chord. The total bearing area 
required is determined by the allowable bearing on the planes at 60° to the 
direction of the grain of the lower chord, Equation (15) or (16). 

From Equation (15): 

c - 1 175 (sin* 60°) + 345 (cos* 60°) - 1 160 lb per sq in 


Assuming the chord members to be placed with their longer dimensions 
horizontal, the total required length of planes A-B and B f -C is: 


41 000 
1 160 X 7.5 


4.7 or 4j£ in 


Make plane A-B — 2.00 in 
Make plane B f -C ■■ 2.75 in 

Compression on plane A-B - 17 300 lb 
Compression on plane B f -C - 23 700 lb 


’pi**™) 
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The horizontal projection of the lower chord beyond B must be sufficient 
to develop the necessary horizontal shear. The required projection is: 


17 300 (cos 60°) 

7.5 (110) 1.2 


15 in 


The required projection beyond C is: 

23 700 (cos 60°) 

7.5 (110) 1.2 


21 in 


A projection of 1 ft 2 in beyond point A satisfies these requirements. The 
horizontal dimensions from point O to action lines of the vertical components 
of the compression on planes A-B and B'-C are % in to the left and 5^g in 
the right, respectively. The resultant vertical component is, therefore, 

(-8 650) *$+(11 850) 5% _ . 

-- 2 95 in 


to the right of point O, as shown in Fig. 9. 

The resultant of the horizontal components of the compression on planes 
A-B and B'-C is 


15 000 Xj4± 20 550 X ]% 
35 550 


1.02 in 


below the upper face of the lower chord. The net depth of the lower chord 
at point C — 3% in. The total tension in the lower chord, therefore, acts 
at 1.56 in above the lower face of the chord, and the moment arm of the 
horizontal couple in the lower chord is 2 92 in, as shown in Fig. 9. 

The magnitude of the horizontal couple is: 

M - 35 500 X 2.92 - 104 000 lb-in 


To neutralize this moment the center line of the supporting wall will be 
moved to the left of point O a distance such that the arm of the vertical couple 
is just sufficient to produce a clockwise moment equal to the counter-clockwise 
moment of the horizontal components and the tension in the lower chord. 

The required arm is: 


104 000 
20 500 


5.08 in 


Since the resultant of the vertical component has been found to be 2.95 in 
to the right of point O, the center line of the wall must be placed at 5.08 — 
2.95 - 2j^ in to the left of point 0. 

The maximum unit stress on the net section of the lower chord occurs 
under combined dead, ceiling, minimum snow and wind-loads and is: 

37 250 

—--— — 1 585 lb per sq in 

3.13 X 7.5 K 

The maximum bearing of the lower chord on the masonry wall is: 


20 500 

7.5 x 12.5 


220 lb per sq in 


which is well within the allowable compression normal to the grain. 
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It will be assumed that the character of the masonry is such that the 
bearing is satisfactory. 

Two %-in bolts will be provided, as shown, to hold the chord members 
securely in position. They will assist, to an indeterminate extent, in the 
transfer of chord stresses; however, this value is properly neglected in the 
design of the joint. 

Joint I. Typo B. Method 1. Fig. 10. The gusset, or steel fish-plate detail, 
illustrated in Fig. 10, is one of simplest and most satisfactory types of end- 
joints. 

The size and shape of the steel plates, used on each side of the chord mem¬ 
bers, are determined by the number and spacing of lag-screws. The usual 
sizes of lag-screws employed in joint details of timber roof-trusses are in 
X in and in X 5 in. The allowable capacities of lag-screws are given 
in Article 6. 

In this detail the chord members will be placed with their lesser dimensions 
horizontal and % X 5-in lag-screws will be used. The number of lag-screws 
required is: 

T _ _ , 41 000 _ 

Upper chord - • - 34 

T u ^ 37 250 

Lower chord - - Q -- - 31 


The lag-screws will be staggered on each face of each chord member, as 
shown. The thickness of the steel gusset-plates should not be less than in. 

The greatest unsupported dimension of the gusset-plates should not exceed 
60 times the thickness, or in this case 

t - 1/60 X 22 - 0.366 


The plates will be made ^ in thick. This detail is especially well adapted 
to trusses which are supported on timber columns, in which case the plates 
may be extended to provide for the connections to the columns. 

Through bolts should never be used in a detail of this type, since it is prac¬ 
tically impossible to line up the borings in the timbers with the holes in the 
plates. The maximum unit tensile stress on the net section of the lower 
i- j- 37 250 MOAl . 

Ch0rd ,a 5 .5 (7.5 - 1.75) “ 1 180 lb per 9(11D - 
If the bearing on the masonry wall becomes excessive a steel bearing plate 
of sufficient size to distribute satisfactorily the vertical reaction should be 
used. 


Joint I. Type B. Method 2. Fig. 11. The detail illustrated in Fig. 11 
is known as a tabled fish-plate joint. Steel flats, riveted to the gusset-plates, 
are assumed to take the entire stress in each chord member and transfer it 
directly through the steel plate. The bearing area required for the tables 
in the upper chord is: 


41 000 
(1 175) 1.2 


29.0 sq in 


If two tables are assumed on each side of the chord, the required thickness 
of each table is: 


29.0 


4 X 7.5 


0.97 or 1.0 in 
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The tables will be made 3 in wide to allow suitable edge distance for $^-in 
rivets. The minimum distance between tables is determined by horizontal 
shear, and is 

41 000 , A , e . 

4(110 X 1.2) 7.S “ 10-35 m 

The maximum stress in the lower chord is 37 250, and the required thick¬ 
ness of tables, assuming two on each side, is: 

- - -- - — mm 0.88 or 'A in 

4(1175X1.2)7.5 /8 

The minimum distance between the tables in the lower chord is: 

37 250 


4(110 X 1.2) 7.5 


■■ 9.4 in 


The spacing of the tables along the upper chord will be made 12 in and 
along the lower chord 10 in as shown in the detail. 

The steel plates must be of sufficient thickness to transmit the compression 
from the upper chord over the length between tables without buckling, or, 
L{r ^ 120; whence: 

12Vl1 .. 0.346, or Mb 


/ - 


120 


(the least radius of gyration being tjy/ 12) 

The compression on each upper chord table is: 

41000 , A » rrv 

—-— -• 10 250 lb 


applied at (1 -f 0.375) - 0.688 in from the mid-point of the steel plate. 
The moment due to eccentricity is 

M - 10 250 X 0.688 - 7 050 lb-in 


Two %-in bolts, adjacent to each table, will be employed to counteract the 
rotational tendency due to this eccentric moment. 

The center lines of the bolts will be placed 3 in from the center lines of the 
tables and the tension on each bolt will be: 


--- ■■ 1 175 lb per bolt 

2X3 

The value of one Jij-in bolt in tension is 3 200, based on the net area at the 
root of the thread which will provide an excess to permit the bolts to be 
drawn up tightly in order to insure close contact between the tables and 
the timber. 

The same arrangement will be U9ed for the lower chord, and in addition 
four %-in bolts will be placed near the outer end to hold the plates firmly 
in place. 

The maximum unit stress on the net section of the lower chord is: 


37 250 

(5.5 - 2 X K) 7.5 


1 325 lb per sq in 



Fig. 12. Detail of Joint at Wall 


The required depth of the toe cut is: 


35 550 
1 450 X 5.5 


4.49 or 4j^ in 


A hardwood block is employed in the angle between the chord members to 
insure rigidity when the inclined bolts are drawn up. The block is let into 

the upper chord 1^£ in. The stress on the block at F is ~ x 41 000 •- 


8 200 lb, which is delivered to the plane C-E in an indeterminate manner. 
The resultant pressure on plane C-E may be assumed to act at } i to % C-E 
from point C, and will be taken as 4 in in this design. 

The resultant compression at the toe will, therefore, act at a distance of 
4.3 in from the upper surface of the upper chord. At point Oi the total com¬ 
pression is divided into its vertical and horizontal components. The intensity 
of the vertical pressure on plane B-D will not be uniform since there is a rota¬ 
tional tendency of the upper chord about point B. The assumed distribution 
of pressure is indicated by the stress volume shown in Fig. 12. 
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The distance B-D must be three times the horizontal dimension from 0% 
to plane A-B to place the action line of the resultant pressure on a vertical 
through Oi. 

The maximum unit pressure on the upper chord is twice the average pres¬ 
sure over the length B-D, or 


2 (20 500) 
18 X 5.5 


414 lb per sq in 


The allowable unit pressure normal to the grain is 1.2 X 345 ■■ 414 lb 
per sq in. 

The tension on the net section of the lower chord acts at 4% in below the 
upper surface of the chord. The vertical distance between this action line 
and the resultant pressure on the plane A-B is 8% in. 

The horizontal moment produced through the transfer of the horizontal 
component of the upper chord stress is counter-clockwise, and equal to 
if — 35 550 X 8.25 - 293 300 lb-in. The action line of the vertical com¬ 
ponent of the upper chord stress is 12j^ in from point O, and the vertical, 
clockwise moment is if - 20 500 X 12.5 - 256 300 lb-in. The unbalanced 
moment is 293 300 — 256 300 — 37 000 lb-in, counter-clockwise. 

37 000 

To neutralize this moment the wall reaction will be placed - - —- -• 1.81 or 

ZU jUv 

1% in to the left of a vertical through point O. The depth of the lugs at 
B and E is determined by the allowable compression parallel to the grain, and 
assuming each lug to take one-half of the total horizontal component of the 
upper chord stress required depth of each is: 


35 550 

2 (1 175 X 1.2) 5.5 


2.29 or 234 in 


The thickness of the steel plates will be governed by the required thickness 
of the lugs which is determined by the bending moment on these lugs. 



,, 35 550 2 25 ___ . 

if - —-— X — - 20 000 lb-in 

and 

M - {b-t * - j X 5.5 <1 

6 6 

whence 

. J 20000 X6 

* ’ 18 000 X 5.5 "* ° r iy ’ m 


The required distance between lugs is determined by the allowable hori¬ 
zontal shear, and is: 


35 550 

2 (110 X 1.2) 5.5 


24.4 or 25 in 


A bolster is added to the under side of the lower chord, as shown in the 
detail, to provide additional area from which the notches for the washers U9ed 
at the lower ends of the inclined bolts may be cut. The bolster also mate¬ 
rially stiffens the joint. A cylindrical key is placed at K , designed to transmit 
the horizontal component of the full allowable tension in the inclined bolts, 
which for 1-in 0 bolts is: 

(0.55 X 16 000) 2 sin 30° - 8 800 lb 



r asher 4"x 1H' 
C.I. Ogee 

Joint IV 


TVaaher 3*''x 1" ^ i"x W’x}i"x 6" Angle Yw 

0.1. Ogee I 5-H"x 2H" Lag Screw* 1 

I Each Side I 

2000y 200()| 

Fig. 13. Details of Joints 

The rotational tendency of the upper chord about the toe is M - 41 000 
X 2.5 — 102 500 lb-in. If T\ and Tt are the tension values for the bolts at 
6 and 18 in, respectively, from the center of the toe cut: 

6 Ti + 18 T % - 102 500 


but 

Ti - Ha T t 

whence 

20 T 2 - 102 500 

or 

T t - 5 125 lb 

and 

Ti - 1 708 lb 


The one-inch bolts, with a net area of 0.55 sq in, are therefore satisfactory 
for the detail. 

Joints m and IV. Member 2-3. Method 1. In the joint details 
Illustrated in Fig. 13 the bearing surfaces A-B and A*-B* are at right-angles 
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to the axis of member 2-3; therefore the entire stress in the member is 
transmitted on these planes. 

The angle of inclination of plane A-B with the grain of the upper chord is 
30°, and the inclination of plane A '-B' with the grain of the lower chord is 60°. 

The allowable unit compression on these planes and their required lengths 
are: 

Plane A-B: c «■ (560) 1.2 672 lb per sq in 

10 540 

length “ (672)13 “ 2 ' 85 ° r 2Va ' la 

Plane A'-B': c — (970) 1.2 — 1 160 lb per sq in 

10 540 _ . 

length - f ri60) - si - 1-66 or in 

The length of plane A'-B' will be made 2 in in order to reduce the eccen¬ 
tricity in member 2-3. The eccentric moment in member 2-3, due to the 
transfer of stress at its upper and lower ends, is: 

M - 10 540 X 1^6 - 12 500 lb-in 

If the joints are true and tight fitting, this moment, which tends to rotate 
member 2-3 in a counter-clockwise sense, may be satisfactorily resisted by 
friction on the planes A-B and A'-B'. However, in anticipation of imper¬ 
fections in workmanship and shrinkage of timber, toe-nailing should always 
be employed in a joint of this type. 

The design of the joint details is governed by the loading which produces 
maximum stress n member 2-3 (D -f C -f- Min-5 -f W). The maximum 
combined stress in member 2-3 due to direct compression and eccentricity is: 

P Me 10 540 12 500 X 6 

/max - A + i 20.39 + 5.5 (3.63)« 

- 518 -f 1 038 - 1 556 lb per sq in 

The allowable unit stress is: 

eio i 038 

—— x (750) 1.2 + —— X (1 600) 1.2 - 1 580 lb per sq in 
1 550 1 550 

At joint IV the moment of the horizontal couple is: 

Mn + 8 990 X 3.75 + 33 700 lb-in 

The moment of the vertical couple is: 

M „ - 5 270 X 3.73 - 19 100 lb-in. 

The unbalanced moment, which produces bending stress in the lower chord, 
is 33 700 — 19 100 - 14 600 lb-in. The net minimum net section of the 
lower chord occurs on a vertical plane through point B' t and the maximum 
combined unit stress on this section is: 

37 250 14 600 X 6 

/ma * " 5.5 X 5.8 + 5.5 X (5.8)* 

«• 1 166 + 474 - 1 640 lb per sq in 

The allowable unit stress is: 


1J66 

1640 


1600 + 


474 

1640 


X (1 600) 1.2 - 1 694 lb per aq in 
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The bending stress due to eccentricity in the upper chord may be eliminated 
by placing the purlin in the proper position, with respect to the center of the 
joint, to neutralize the rotational tendency. 

If the dead plus minimum snow-load (4 300), and the wind-load (3 660), 
transmitted to the truss by the purlin, are assumed to act at the mid-point 
of the upper surface of the purlin, as shown in Fig. 13: 

let * ■■ the horizontal distance from the action line of the 

vertical load to the center of the joint detail; 
then (8.8 — 1.15 x ) — the distance from the center of the joint detail to the 
normal center line of the purlin. 



Fig. 14. Details of Joints 

For 2 M - 0 

-4 300 x + 3 660 (8.8 - 1.15 x) + (6 900) % + 10 540 X % - 0 


or x — 4.75 in 

and (8.8 - 1.15*) = 3.3 in 

For the condition of loading which produces maximum stress in the upper 
chord (D -f- C -f S), the vertical panel-load is 2 780 -f 3 430 ■» 6 210 lb. 

For 23/ «• 0 

-6 210 * + (41 000 - 33 300) % + 8 230 X % - 0 
or * - 1.43 in 

and (8.8 - 1.15*) - 7.25 in 

Considering both possible conditions of loading, the purlin will be placed, 
as shown, with its normal center line 6 in above the center of the joint detail. 

Joints IQ and IV. Member 2-3. Method 2. The essential difference 
between the details illustrated in Fig. 14 and those of the preceding design 
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is in the end cuts of member 2-3. Both planes of the end cuts are assumed 
to function in the transfer of stress. By employing two bearing surfaces the 
cuts in the chord members will be shallower than in the preceding design. 
The only method of procedure in proportioning the two bearing surfaces is 
the cut and try method since many combinations are possible and satisfac¬ 
tory. 

In this example the planes A-B and A'-B r will be made vertical and the 
inclination of the planes B-C and B'-C f will depend upon the required depths 
of the vertical planes. 

If the length of plane A-B is made 1}^ in, plane B-C makes an angle of 
16° 30' with the direction of the grain of the upper chord, and its length is 
3.75 in. 

The component of the total stress on each plane is shown at (a), Fig. 14, 
to be: 

On plane AB - 7 440 lb 

On plane BC « 5 500 lb 

The allowable unit bearing on these planes is: 

On plane AB, C - 1 175 (sin* 60°) + 345 (cos* 60°) 

— 1 160 lb per sq in 

On plane BC, C - 1 175 (sin* 16° 30') 4- 345 (coi* 16° 300 

- 475 lb per sq in 

The total allowable bearing is: 

On plane AB - 1.25 X 5.5 x 1 160 - 7 995 lb 

On plane BC - 3.75 X 5.5 X 475 - 9 800 lb 

Since no cuts less than lJ4 in should be specified, the cuts will be made as 
assumed. 

At joint IV, if plane A f -B r is made in, plane B'-C' is 7%\n in length 
and makes an angle of 12° with the direction of the grain of the lower chord. 

The horizontal component to be provided for on plane A'-B' is 8 990 lb. 

8 990 

The unit compression is — — - 1 090 lb per sq in and the allowable 

value of 60° to the grain is 1 160 lb per sq in. 

When the angle between the two planes of an end cut is less than 90°, as 
at joint IV, the component of the stress on the plane making the smaller 
angle with the supporting member should be taken at right-angles to the 
component on the plane making the larger angle. 

In such a case the intensity of pressure on the longer plane will vary as 
indicated in Fig. 14. The pressure on B'-C' will be assumed to vary from 
maximum at B ' to zero at a distance equal to three times the distance of the 
action line of the vertical component from B\ The maximum pressure on 
B'-C' is, therefore: 

„ 5 270 „„„ 

2 x r " g z /T?c “ 285 lb V* sq m 

5.5 X 6.75 

The allowable unit compression on a plane at 12° with the grain is given 
by Equation (15) (increased by 20%) as 452 lb per sq in. 

The moments due to the eccentric transfer of stress at joint IV are: 

M h - 8 990 X 3.75 - + 33 700 

M v - 5 270 X 5.00 - - 26 350 

The unbalanced moment is 7 350 lb-in (clockwise). 
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The maximum combined unit stress in the lower chord is: 

, 37 250 7 350 X 6 . 

/max - ~- tx + i z * 1 352 lb per sq in 

5.5 X 6.0 5.5 (6.0)* 

The allowable unit stress, determined in the same manner as in the pre¬ 
ceding design, is 1 650 lb per sq in. 

The position of the purlin to neutralize the moment at joint III is deter¬ 
mined as before: 

From XM - 0: 

-4 300 x + 3 660 (8.8 - 1.15 x) + (6 900) 

+ (7 440) 2% - (5 500) 3% - 0 
or x - 4.2 

and (8.8 - 1.15 x) - 4 in 

The value of x required to neutralize the moment under the loading which 
produces maximum stress in the upper chord is: 

From XM — 0: 

6 210 x + (7 700) y 2 + (5 800) 2% - (4300) 3% - 0 
or x - 0,60 

and (8.8 — 1.15 x) - 8 in 

The purlin will be placed at 6 in as in the preceding design. 


Purlin 8" x 12" 



WUher SH"x 1" 
CJ. Ogee 


4"x3H"x«"i5" Angle 
X" x 3 X" Lag Screw* 
Each Side 


I Wa»ber7”x4"xK” 


Fig. 15. Details of Joints 


Joints m and IV. Member 2-3. Method 3. The detail illustrated in 
Fig. 15 is known as the bearing-block detail. The required lengths of the 
bearing-blocks are determined by horizontal shear, and the depths of the 
daps in the chord members are determined by the allowable bearing parallel 
to the grain. The bolts near the outer ends of the bearing-blocks are em¬ 
ployed to hold the block securely in position. The bearing of the blocks on 
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the chord members is not uniformly distributed, and the maximum intensity 
at the inner end, of each block, must always be provided for. 

At joint III: 

5 270 

Minimium length of block — jy ----— - 7.25 in 


5 270 

Minimium depth of dap — 5 5 (1 175) 1 2 *" * n 

The resultant pressure of the bearing-block on the upper chord is assumed 
to act through the intersection of the center line of member 2-3 and the 
bearing plane of the chord member and the block. The unit pressure at 
this point is % the maximum pressure since the pressure volume is a trian¬ 
gular wedge. The maximum allowable pressure is (345) 1.2 — 414 lb per 
sq in. 

The total pressure to be transferred is 9 128 lb and the required length of 
the bearing plane is: 

2X9 128 

- -■ 8.05 in 

5.5(414) 

The required distance between the action line of the resultant pressure and 
8 05 

the inner end of the block is - 2.68 in. If this distance is made 3 in 

and the dap in the chord made 1 in, the block may be made of a 3% X 5%-in 
section. The length of the block will be made 12% in in order to provide 
clearance between the bolt at the outer end and member 1-2. 

The position of the purlin to neutralize the moment resulting from the 
transfer of stress is determined as before: 

From 23/ - 0: 

- 4 300 * + 3 660 (8.8 - 1.15 x) + (6 900) % 

+ (5 270) 3% - (9 128) 1% - 0 
or x - 4.45 in 

and (8.8 - 1.15 x) - 3.7 in 

The required position of the purlin to neutralize the moment for stresses 
due to combined dead and maximum snow-loads is found to be 7% in above 
the center of the detail. 

The purlin will be placed with its normal center line 6 in above the center 
of the joint detail, as in the preceding designs. 

At joint IV: 

Minimum length of block - 5 5 (HQ) 1 2 "* 12.4 in 

8 990 

Minimum depth of dap - 5~ 5 (1175) 1 2 ** * n 

The block will be made 15 in long and the dap will be made 1% in. The 
section of the block will be 4% in X 5% in. The resultant pressure on the 
chord acts at a distance of 5% in from the inner end of the block and is, 
therefore, within the kern. The maximum unit bearing is: 

5 270 5 270 (7.5 - 5.63) X 6 

5.5 X 15 + 5.5 (15)* " 11 P ers< l m 

A flat plate washer will be designed for member 3-4 and the toe-bolt, the 
tatter being assumed to be drawn up with an initial tension of 3 000 lb. The 
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total area required is 


7 270 + 3 000 


25 sq in. 


(345) 1.2 

The washer will be made 4 in X 7 in to allow for the reduction of area due 
to bolt-holes. 

The projection of the washer beyond the center line of member 3-4 will be 
made 2]/% in* The moment at the center line of member 3-4 is: 


10 270 
28 - 1.6 


2 5 

X 2 5 X 4 X — 


4 800 lb-in 


The required thickness is 


- Vtj* or ' - V: 


6 X 4 800 
18 000 X 2.88 


0.74 or in. 


The moments in the lower chord due to the transfer of stress are: 


M h - 8 990 X 3 75 - + 33 700 lb-in 
M v - 5 270 X 4 50 - - 23 60 0 lb-in 
Unbalanced moment ■» -f 10 100 lb-in 
The maximum combined unit stress on the lower chord section is: 


37 250 10 100 X 6 

•' max “ 5.5 X 6.58 + 5.5 (6.38)* 


1 330 lb per sq in, 


which is satisfactory. 

The design of joint V is similar to that of joint HI and will not be taken up 
in detail. 


Joints VI and VII. Method I. The design of joint VI may be in accord¬ 
ance with any of the methods previously explained. 

The compression-members make an angle of 49° 10' with the horizontal and 
40° 50 / with the vertical. The inclined surfaces of the bearing-block, shown 
in Fig. 16, make angles of 40° 50' with the direction of the grain of the block, 
and the allowable unit compression is: 

c - [(1 175)-065* + (345) • 076 2 ] 1.2 - 835 lb per sq in 


The maximum unit pressure occurs under dead, minimum, snow, and wind- 
loads, and is: 


14 100 
5 5 X 5.5 


466 lb per sq in 


The dap in the lower chord must be sufficient to provide for the greatest 
possible difference in the horizontal components of the two compression- 
members. This maximum difference occurs under the loading for maximum 
stress in one of the compression-members. The maximum stress in the wind¬ 
ward member is 14 100 lb, and the simultaneous stress in the leeward member 
is 6 400 lb, as shown in Table XXIV. 

The maximum horizontal component to be provided for is: 


(14 100 - 6 400) cos 49° W - 5 030 lb 
The minimum required depth of the dap is: 


5 030 

5.5 (1 175) 1.2 


0.65 in 


The dap will be made one inch and the section of the block will be 5 in 
X 5^ is. The horizontal bearing surface of the block must be sufficient to 
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provide for the maximum vertical components of the two compression- 
members. The maximum simultaneous vertical components occur under 
dead and maximum snow-loads, and their sum is: 

2 (10 930) sin 49° 10 7 - 16 460 lb 

The minimum required length of the block for bearing is: 

16 460 

5.5 (345) 1.2 " ' 

The minimum length of the block for horizontal shear is: 

5 030 

- "" • - - « 6.95 in 

5.5 (110) 1.2 

The minimum length of block to provide full bearing for the web-memberc 
is 14 in, as shown in Fig. 16. 



Fig. 16. Details of Joints 


The maximum combined unit stress in the lower chord occurs with the 
maximum difference of stress in the two compression-members, 4-5 and 6-7. 
The moments due to stress transfer are: 


and 


M h - ( 9 200 - 4 170) 6li - + 31 400 lb-in 
M, - (10 680 - 4 840) - - 26 600 lb-in 

Unbalanced moment — + 4 800 lb-in 


/max 


28 260 4 800 X 6 

5.5 X 6.5 + 5.5 X (6.5)2 


916 lb per sq in 


At joint VII, the upper chord members will be cut at the peak to provide 
a horizontal bearing surface for the purlin. The chord members will be held 
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in position bya6x6x%X 8-in angle, each side and the purlin will be 
held in place by two bent-plates 5 in X in X 12 in, as shown in Fig. 16. 
The net bearing area required for the plate washer for member 5-6 is: 


18 900 
(560) 1.2 


— 28.2 sq in 


where the value 560 is the allowable compression at 30° to the grain. The 
gross area required is 28.2 + 2.4 — 30.6 sq in. The washer will be made 
in X 5% in. The size of the standard nut for the 1 J^-in <f> rod, is 2%-in 
square. The moment at the center line is: 

■ 8 ? - ° ° X K' (5% iu - 2 % in) * ? 650 lb-in 


and the required thickness is: 

* ~ Viiooo 


650 X 6 


- 0.825 or J4 in 


000 (5.5 - 1.75) 

The area of the vertical bearing plane between the chord members, deduct¬ 
ing for a 1%6-in hole, is 25.5 sq in. The allowable unit bearing at 60° to the 
grain is 1 160 lb per sq in. 

... . « - . (24650) 0.866 , 

The required area for maximum chord stress is- T777i - • 18.4 sq m. 

1 160 

The area provided is, therefore, satisfactory. 

i® 



Fig. 17. Details of Washer 


Design of Special Cast-Iron Washer at Joint VI. The opening through 
the washer to receive member 5-6 will be made % in larger than the diameter 
of the rod. The walls of the center spool, the base and the webs, will be 
made % in, the minimum thickness for cast iron. 

The required area in bearing to provide for the maximum stress in member 
5-6 Is: 


18 900 


45.6 sq in 


(345) 1.2 
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The area deducted for the rod opening is 2.4 sq in, hence the gross area 
must be 45.6 + 2.4 - 48 sq in. If the width of the washer is made the full 
width of the chord, the length required is 48/5.5 - 8.92 or 9 in. The resisting 
moment, at the face of the spool, plane xx, is determined as follows: 

(1) Location of neutral axis: 


2 (2.06) 1.63 -f 0.63 (5,5) 0.315 
4.12 + 3.46 


1.03 in 


(2) Moment of inertia about the neutral axis: 


I - 


(2.06) -23 
12 


+ 4.12 X 0.60 -f 


2 (5.5)-0.63 


12 


+ 3.46 X 0.71 - 4.77 in 4 


The resisting moment is: 

j_I 3 000 X 4 77 

c 1.03 


13 900 lb-in 


The maximum bending moment at section xx is: 

% X 18 900 X % - 9 450 lb-in 

The resulting maximum tensile stress on the extreme fiber of the cast iron is 
only 2 000 lb per sq in; however, a reduction of dimensions is inadvisable and 
the washer will be made as shown in Fig. 17. 

Joints VI and VII. Method 2. A second method for framing joints VI 
and VII is shown in Fig. 18. 

At joint VI the two compression members are let into the lower chord. 
The maximum horizontal component to be provided for is 5 030 lb; there¬ 
fore, the maximum depth of the vertical cut at the toe is: 


5 030 

5.5 (970) 1.2 


0.79 in 


The cut will be made lJ4 in to enter the chord in. 

The inclined bearing surfaces make angles of 9° with the lower chord and 
50° with the direction of the grain of the web-members. The maximum 
allowable unit compression on the lower chord is, by Equation (15), 420 lb 
per sq in. The resultant pressure on the chord will be assumed to be vertical 
and its action line is 3 in from the center line of the detail as shown in Fig. 18. 
The resultant is within the kern of the bearing area, hence the maximum unit 
compression is: 


10 680 (10 680) %X 6.0 

6.75 X 5.5 + 5.5 X (6.75)* 


384 lb per sq in 


The unbalanced moment due to the transfer of stress in the lower chord is: 


M h - ( 9 200 - 4 170) 3.75 -+ 17 000 lb-in 
M v - (10 680 - 4 840) 3.00 - - 17 500 lb-in 


Unbalanced moment — 500 lb-in 

The hole for the 1 J^-in rod will be bored one-sixteenth of an inch larger than 
the diameter of the rod, hence the net width of the lower chord 3.94 in, and 


28 260 500 X 6 

" 3.94 X 7 + 3.94 (7)* 


1 046 lb per sq in 
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At joint VII, the end cuts of the upper chord members and the washer for 
member 5-6 are the same as in the preceding design. The chord members 



Fig. 10. Detail of Joint 


are held in position by steel Dlates on each side of the joint, bolted to the 
chord members with three {Hrin holts on each side of each chord. The entire 
stress is assumed to be transferred through bearing on the vertical plane 











Fig. 22. Detail of Joint 


Figs. 19 to 24 inclusive illustrate other types of joints and joint details 
that may be analyzed and designed by the same principles and methods 
which have been explained in detail. 




















Figs. 23 and 24. Miscellaneous Truss Details 
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8. Steel Frame Roof-Construction 


General. In steel frame roof-construction the rafters, purlins, trusses, ana 
ceiling-beams are made of standard rolled sections. Rafters, when used, are 
generally channel or beam-sections, although with some types of pre-cast roof 
slabs angles may be used as rafters or sub-purlins. 

The principal purlins and ceiling-beams are usually channel, I-beam, 
Bethlchem-beam, or Carnegie-beam sections. 

Steel roof-trusses may be classified according to the manner in which their 
members are connected, as (1) pin-connected, and (2) riveted; however, 
trusses are seldom constructed with pin-connected joints except in some 
cases where the span is great, since pm-joints, although theoretically the ideal 
type of joint, do not provide the desirable stiffness for relatively light roof- 
truss construction. In riveted roof-trusses, both the tension and com¬ 
pression-members are generally made up of angles, or combinations of plates 
and angles. The top and bottom chords of trusses for usual spans generally 
consist of two angles back to back with the gusset-plates for web-member 
connections between the parallel legs of the angles. 

The web-members may also be made of two angles back to back, or in 
the case of small stresses they may consist of a single angle. 


0 




Riveted Joints. The function of a riveted joint is to transmit the stress 
from one member or element to one or more other members or elements. 

The stresses in the main members can be fairly well determined by the 
various methods of analysis, but the distribution of stress in joint details is, 
for the most part, practically indeterminate, and good design of such details 
requires considerable experience and judgment. 

A well-designed riveted joint should provide for the transfer of stress 
without overstressing any member or element, and the entire detail should 
be free from all tendency to permanent distortion. 

The distortion of a riveted joint does not vary uniformly with the increase 
of load for the usual values of safe loads, due to the friction developed as a 
result of the clamping action of the rivets. With good design and good 
workmanship friction in a riveted joint is rarely overcome, except in the case 
of hand-driven rivets in joints subject to alternating stresses. In such cases 
the working unit stresses should be made less than for joints secured by 
power-driven rivets. 

Riveted joints may be divided into two general classes: 

(1) Single-shear, single-bearing joints. 

(2) Double-shear, double-bearing joints. 

In the single-shear joint, Fig. 25, the principal stresses on the rivets, 
neglecting friction, are a shearing stress on plane A A and bearing stresses 
on the body of the rivet in contact with the angle leg and the gusset*plate. 
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If the thickness of the gusset-plate is less than the thickness of the angle, 
the bearing on the gusset-plate controls the allowable bearing stress. 

When the rivets of a joint are subject to single shear the intensity of bearing 
both on the connection-plate and the connected piece is greater at the contact 
surfaces and less at the outer surfaces which bear against the rivet-heads. 
In a double-shear joint, Fig. 26, the bearing may be assumed to be uniformly 
distributed over the connection-plate, and the average working unit stress in 
bearing may, therefore, be taken at a larger value than for single-shear joints. 
The rivets are subjected to shear on the two sections AA and BB. 

Size of Rivets. The proper size of rivet to use in a given joint depends to 
some extent upon the thickness of the pieces to be connected. When the 
total thickness of metal necessitates the use of a rivet whose grip exceeds 
four to five times its diameter, bending stresses of considerable importance 
may be developed,* and larger rivets, or a greater number than required for 



Fig. 26. Double-Shear Joint 


shear and bearing, may be necessary to provide sufficient resistance. Long 
rivets are not usually encountered in roof-truss details and the governing 
factors are, therefore, shear and bearing. In a single-shear joint, the 
allowable average unit bearing is taken at about 1 7 times the allowable unit 
shear and for equal resistance to both shear and bearing: 

7 rd* 

-j- ‘fs " d-t'fb 

where d -» diameter of rivets, t - least thickness of connection-plate or piece 
connected,/, - allowable unit shear, and/# - allowable unit bearing, then 


for ~ - 1.7, d ~ 2.16 / 

J3 

In a double-shear joint the ratio —■ is generally taken at about 2 to 2.2 

Js 

4.4 / 

and d - - - 1.4 /. 

TT 


The diameter of rivets for roof-truss details is generally taken at about 
twice the thickness of the average gusset-plate; or conversely, the average 
thickness of gusset-plates to be employed is made about one-half the diameter 
of the rivets to be used. 

For light structural work, such as roof-trusses not exceeding 100 ft in span, 
gusset-plates are generally made from 34 to 34 in thick and rivets are % to J4 


* When the grip of a rivet exceeds five times its diameter, the number of required 
rivets as calculated for shear or bearing shall be increased 1% for each Ho in of grip 
beyond five diameters. 
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in in diameter. The average conditions encountered are most satisfactorily 
met by using Y\§ or %-in gusset-plates with J^-in rivets. The values of the 
usual sizes of rivets employed in building-construction, together with the 
bearing values, both for single and double-shear joints, for usual thicknesses 
of plates are given in Tables XXV and XXVI. 


Table XXV. Working Values for Hand-driven Rivets 


Unit Shear « 10 000 lb per sq in 
Unit Bearing f Single ~ 16 000 lb per sq in 
1 Double — 20 000 lb per sq m 



% In 

*4. In 

n la 

1 In 

% In 

wmsam 

Hifl 

0.80G8 

0.4418 


0.7854 

0.9040 

Single Shear 

3070 

4420 

6015 

7855 

9940 

Double^Sheai 

6140 

8840 


15710 

19880 

Bearing 

mm 


mm 

ESI 


mm 

wm 

mm 



9 

j3 

0* as 

^ 4> 

Vi 



esb 


esi 


ESI 

ESI 


ESI 

3 /l6 


MM 

1^3 

ESI 

ESI 

ebb 




ESI 

EM 

— 

ESI 

— 

MMIM 

EM 

ESI 

Trm 


ESI 

Ed 

V 

1 

row 

— 

5470 

g 


— 

EM 

7000 

8750 


ESI 

PM 

— 

— 


ESI 

— 

m 

— 


ESI 

ESI 

BBS 

— 

— 

— 

EM 

— 

ESI 


|fKV| 


ESI 

EM 

_ 

— 

— 

— 

— 

GSZQI 



— 

ITO51 


Bearing values not given beyond point where shear governs. 


Table XXVI. Working Values for Power-driven Rivets 

Unit Shear «- 13 500 lb per sq in 

Unit Bearine ( Single " 24 000 lb per sq in 
Unit nearing \ DouWe _ 30 QQQ lb ^ sq in 


Size of Rivet 

*6 in 

In 

H In 

1 In 

% In 

Area 

_BaJu_ 

0.3068 

0.4418 

0.6013 

0.7854 

0.9940 

Singfc Shear 

4140 

5960 

eessh 

10600 

13420 

Double Shea 


11930 

eeub 

21200 

26840 

Bearing 

iga 


ESI 


ka 

lj 

wm 

ggm 

via 

mm 

9 

*J 

I s 

tm 




ESI 

ESI 

ESI 

mrm 

ESI 

EM 

esi 

row 


ESI 

mm i 

ESI 

E2I 

EM 

EM 

ESI 

K!?M 

ifeeii 

*/» 

—— 


— 

ebS 

ESS 

Epp 

ESI 

biessi 

IME'M 

bp-Vj'il 

row 

EM 

ESI 

ESI 

EB 

EM 

gpnm 

iwa.i 

IETEE1 

ESI 

BE 

V* 

E 

EM 


ESI 

EM 


BE 

ESI 

ESI 

EM 


— 

— 

— 

— 

— 

ironi 

— 

ngg*i 

— 

ESflTl 

EM 

B 

Ei 


EM 

EM 

EM 

E 

m 




Bearing values not given beyond point where shear governs. 

Rivet Spacing. The minimum distance between centers of rivet-holes is 
three diameters of the rivet; but the preferable distance is not less than 
4 in for lj^-in rivets, in for 1-in rivets, 3 in for %-in rivets, and 2 in 
for %-in rivets. The maximum pitch in the line of stress is 16 times the 
thinnest outside plate or shape connected, or 20 times the thinnest enclosed 
plate or shape. 
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For J^-in and %-in rivets used in roof-truss joints the maximum pitch is 
preferably 6 in, and for %-in rivets a maximum of 4 in should not be exceeded. 

For angles with two gauge-lines and rivets staggered the maximum pitch 
in the line of stress on either gauge line should not exceed 24 times the thinnest 
plate or section, with the preferable maximums limited to twice the above 
values. 

In compression-members composed of two angles, stitch-rivets through 
washers should be employed to maintain a constant spacing. The distance 
between such rivets should be such that the slenderness-ratio Lfr for each 
angle is not more than that of the entire member, with a maximum of about 
2 ft 6 in. Stitch-rivets should be employed in tension-members at intervals 
not to exceed about 4 ft. 

The minimum distance from the center of any rivet-hole to a sheared edge 
is 2 in for lj^-in rivets, 1% in for 1-in rivets, 1in for J^-in rivets, lj£ in 
for 9^-in rivets, and in for J^-in rivets. 

Truss connections carrying calculated stresses should never have less than 
two rivets through any member transferring stress. 

Riveting Details. Rivets cannot be driven closer to the web of a beam, 
or the leg of an angle, than the minimum distance required to operate the die 
which is used to form the rivet-head. The sizes of standard dies for various 
sizes of rivets are given in Table XXVII. The usual rule for calculating 
clearance is “one-half the diameter of the rivet-head plus three-eighths of 
an inch.” 

There are two kinds of rivets used in structural steel framing, classified 
according to the type of head: (1) button heads, and (2) countersunk 
HEADS. 

There is no fixed standard for the proportions of button heads; however, 
the dimensions given in Table XXVIII * are used with slight modifications 
by all manufacturers. 

It is sometimes necessary to flatten rivet-heads in order to provide clear¬ 
ance for adjacent members. This flattening may vary from a slight reduction 
of the full head to a flush or countersunk head. The dimensions of counter¬ 
sunk heads are given in Table XXVIII. Rivets with countersunk heads 

Table XXVII. Standard Table XXVm. Dimen- 
Rivet Dies sions of Rivets 


Dimensions of Rivets 
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• American Institute of Steel Construction Standards. 
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are not as strong as rivets with button heads, and are much more expensive 
on account of the reaming necessary to form the head. 

Gauge-lines are those lines . VVTV « , , 

parallel to the length of a mem- Table XXIX ‘ page Dimensions for 
ber, on which the rivets are Standard Angles 


Gage 

Dimensions 


parallel to the length of a mem- dimensions ror 

ber, on which the rivets are Standard Angles 

placed. The term gauge is 
used to designate the normal 
distance between gauge-lines 
or between a gauge-line and a 
surface or edge of the member. 

The standard gauge dimen¬ 
sion for structural-steel angles 
are given in Table XXIX. 

The pitch of rivets is the 
distance center to center of 
adjacent rivets whether they 
are on the same or different gauge lines. 

The minimum pitch of rivets to maintain the minimum distance of three 
diameters between centers of adjacent rivets is given for various gauges, and 
the usual sizes of rivets, in Table XXX. 

Design of Tension-Members. The strength of a tension-member depends 

Table XXX. Minimum Pitch to Maintain Three Diameters 
Center to Center of Rivets * 


musmmumumum 

BBSBSEBBB2I2I3D 
KBBBBBBBESmilEI 

miMEMBEHainilHEg 



From A.l.S.C. “Steol Conutructiou 1 ' 


Table XXXI. Stagger of Rivets to Maintain Net Section 
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upon its net cross-sectional area, and the arrangement of rivets should be 
such that the necessary punching will not reduce the cross-section more than 
is absolutely necessary. 

Table XXXII. Allowable Tension Values for One Angle with One 
Rivet Hole Deducted* 

Values in Thousands of Pounds for Allowable Unit Stresses of 16000 and 18000 
lb per sq in 


Allowable Net Stress 
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" For single angle tension members allow 80% of tabular values. 


The punching of structural steel injures, to some extent, the metal imme¬ 
diately surrounding the hole. Rivet-holes are punched ^6 in larger than the 
nominal diameter of the rivet to allow the hot rivet to be entered. In com¬ 
puting the net area of a tension-member, the diameter of the rivet-hole is 
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considered to be in larger than the nominal diameter of the rivet, thereby 
making an allowance for the injury to the metal due to punching. The area 
to be deducted for one hole is, therefore (d -f* }/% in)/, where d = diameter 
of rivet and / = thickness of metal. For countersunk rivets the diameter of 
the holes is usually taken as 34 hi greater than the nominal diameter of the 
rivet when the thickness of the metal is 54 m or less. 

Rivet-holes in angles can usually be arranged so that only one hole need 
be deducted when two or three gauge-lines are used, or so that only two holes 
need be deducted when three or four gauge-lines are used. The pitch of 
staggered rivets, Table XXXI, will provide for equal net areas on sections 
A-B and A -C-D-E. 

The total allowable tension values for one angle, assuming that angle 
to be one of a pair, with one rivet-hole deducted, and for allowable working 
unit stresses of 16 000 and 18 000 lb per sq in of net cross-section, are given 
in Table XXXII. 

For tension-members composed of single angles the values given in Table 
XXXII should be reduced 20%. 

Design of Compression-Members. A compression-member of a truss is 
subjected, primarily, to stresses in the direction of its longitudinal axis which 
tend to shorten the member. When the member is short and possesses a 
relatively high lateral strength the fiber-stresses are closely proportional to 
the load, but, for a given cross-section, as the length increases the maximum 
fiber-stresses increase at a higher rate than the rate of increase of load. This 
phenomenon is referred to as column action. 

No exact theoretical formula has yet been found which will give the 
strength of compression-members such as are employed in structures. The 
resistance of a compression-member to the axial compression, together 
with the bending induced by this compression, depends upon the area of the 
member, the disposition of the area in section, and the length of the member. 
The moment OF inertia of the cross-section is, therefore, one of the important 
factors in calculating the strength of compression-members. For the purposes 
of computation, however, it is much more convenient to use the radius of 
gyration as a measure of the moment of inertia. 

The ratio Ljr, where L = the unsupported length of the compression- 
member in inches and where r - the least radius of gyration in inches, is 
called the slenderness-ratio. The unsupported length is determined by the 
distance between such points of support as will Drevent deflection in the 
direction corresponding to the particular radius of gyration under considera¬ 
tion. In modern practical design the two following general types of column 
formulas are employed: 

P f 

(1) «* ■ 11 (Gordon-Rankine) 

i +A 

a r - 

(2) ~ -f -c- (Straight Line) 

A f 

in which P - .otal axial compression; 

A — area of cross-section; 

/ * maximum allowable intensity of compression on short blocks 

L - length; 

r — least radius of gyration; 

a and c are constants determined by experiment. 
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The preceding column formulas expressed in numerical values that represent 
modern specifications are as follows: 


18 000 

(24) 

i+ 

18 000 r* 


19 000 - 100 - 

r 

(25) 

L 

16 000 - 70 - 

(26) 


in which P » total axial compression; 

A — the area of the member in square inches; 

L — the length of the member in inches; 
r — the least radius of gyration of the cross-section in inches. 

In the design of compression-members the axial compression and the length 
are usually known. The type of section is then assumed and, by trial, a 
combination of the two factors A and r is found such that the equation is 
satisfied. 

The diagrams shown in Fig. 27 will materially shorten the cut and try 
process usually involved in the design of compression-members. The use of 
the diagrams in Fig. 27 can best be explained by the following example: 

Example 1, Required the design of a compression-member for the follow¬ 
ing data: 

L 8 ft 9 in - 105 in 
F *» 72 000 (total compression) 

Member to be two angles back to back 
Gusset-plates % in 

Referring to the properties of two angles, back to back. Chapter X, and 
simultaneously referring to the upper portion of Fig. 27, it is seen that two 
angles 5 in X 3 in X 6 in (long legs back to back) have a least radius of 
gyration of 1.22. 

Tracing horizontally from L = 105 on the axis of ordinates to intersect 
the radical line r « 1.22 and projecting vertically to the axis of abscissae 
L{r m 86, and continuing vertically to the curve for column equation (3), 

72 000 

PfA ■■ 12 800. The required area should be ^ — 5.65 sq in. The 

area furnished is 4.8. The next size angles of the series 5 in X 3 in X in 
provide A « 5.7 and a least r =■ 1.23. Proceeding as before, Z/r — 85 and 
PjA - 12 850. The required area is 5.6 and the angles are therefore satis¬ 
factory. 

Example 2. Let it be required to design the member of the preceding 
example, using column equation (2). 

It is evident from the diagrams that a larger member will be necessary than 
in the preceding design. From an inspection of the table of properties of 
angles back to back, assume two angles 5 in X 3}^Jn X Y% with a value of 
least r • 1.46, read Lfr - 72 and project to intersect the graph for formula 

72 000 

(2) at PI A - 11 800. The area required is - - — - 6.1, which is the area 

IX oOU 

furnished by the angles selected. 
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Design of Riveted Joint Details. Strain, or distortion of the various parts 
and elements, is a very important factor in the rational design of riveted 
COMPRESSION MEMBERS 



Fig. 27. Compression Members. Allowable Unit Stress per Square Inch 

ioints. An exact analysis, if such were possible, would be too complex for 
practical design. 
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The following assumptions are, therefore, generally made in the design 
of riveted joints: 

(1) That the direct stresses transmitted by any member are equally pro¬ 
portioned to the rivets connecting that member. 

(2) That the friction resulting from the clamping action of the rivets is 
neglected in calculating the resistance of rivets. 

(3) The bending stresses in the rivets are neglected when the rivet grip is 
less than five times the diameter of the rivet. 

(4) That each rivet completely fills the hole into which it is entered. 

(5) That rivets in compression-members replace the metal lost in punching 
and that no deduction need be made from the gross area of the member. 

(6) That the net section of a tension-member is capable of offering the same 
unit resistance as the gross section befoie punching. 

(7) That stresses are uniformly distributed over the net sections of tension- 
members and the gross sections of compression-members. 

Consistency in the design of riveted joints based on the preceding assump¬ 
tions requires that all details should be arranged and proportioned to provide, 
as far as possible, for a uniform distribution of stress in the members and the 
various elements of the joint. Uniform stress in the main members requires 
that the gravity axis of all members at the joint shall meet in a common 
point. 

Uniformity of stress in the rivets and connecting plates is difficult, and 
often impossible, to secure; however, the nearer it is approached the more 
permanently clastic will be the structure. The number of rivets required 
for the connection of any given member depends upon the stress transmitted 
to the joint by that member. 

When a member ends at a joint the entire stress in the member must be 
transferred by the rivets connecting the member to the joint detail. When a 
member is continuous through a joint the stress transferred by that member 
is the difference in the stresses on each side of the joint. 


Eccentric Connections in Riveted Joints. Eccentricity in riveted joints 
may result from either or both of the following causes: 

(1) When the action line of the resultant stress in any member, at the 
joint, does not pass through the center of gravity of the rivets connecting 
that member. 

(2) When the gravity axes of all the members joined do not intersect at a 
common point. 

Any moment due to eccentricity in a joint detail will be taken partly by each 
member and by the rivets in each member. The most rigid member and its 
connecting rivets will resist the most moment. 

The distribution of the moment to the various members involved will 
depend upon their relative stiffness, which may be determined as follows: 

(1) The deflection of any member subjected to bending under the action 

of a load W t is: 


A 


WL * 
a El 


or W 


El 

L* 


(a) 


in which a — a constant depending upon the manner in which the member 
is supported and the type of loading; 

E m modulus of elasticity of material in inches*; 

I — moment of inertia of the cross-section of the member referred 
to the axis about which bending takes place in inches 4 ; 

L - length of the member in inches; 

A ■> deflection of neutral axis in inches. 
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( 2 ) The general expression for the bending moment, using the preceding 
notation, is: 


M 


WL 


or W 


0M 

L 


C b ) 


in which 0 - a constant depending upon the manner in which the member is 
supported and the type of loading. 

Equating the values of W as given by Equations (a) and ( b) and solving for 
a simultaneous value of M ; 


M 


a El A 
0* L* 


(c) 


The angular displacement of each member, due to the rotational tendency, 

A A 

is -77 and is equal for all members; hence, a, B E> and — are constants for 
El 2 Lj 2 

each member when the physical characteristics and methods of connection 
are the same for ail members. The moment resisted by any member, there¬ 
fore, varies directly as the moment of inertia of that member with respect 
to the axis about which bending takes place, and inversely as the length of 
the member; then if 

the sum of the stiffness factors of all members involved at the 
joint; 

the stiffness factor of member x; 

the moment to be assigned to member x, where M represents 
the total moment at the joint. 




and 


I x /L x 

2I/L 


/x 

L x " 

M - 


The rivets connecting any member to the gusset-plate should be propor¬ 
tioned to transmit safely the moment stress assigned to that member in 
addition to the direct or axial stress. The moment stress on any rivet con¬ 
necting any member varies directly as its distance from the center of gravity 
of the group of rivets. The moment stress on the outermost rivet of the 
group is determined as follows: 


*0 


Mr 0 


(<0 


in which k 0 — the moment stress on the outermost rivet; 

r 0 — the distance of the outermost rivet from the center of gravity 
of the group; 

— the sum of the squares of the distance of each rivet in the 
group from the center of gravity of the group; 

M the moment resisted by the group of rivets. 


Example 1 . The standard gauge-lines for structural angles do not coincide 
with the gravity axis of the angle; consequently some eccentricity exists ia 
the connection of each of the members of a detail such as shown in Fig. 28. 
The gravity axis of member 3-4 is at 0.91 in from the back of the outstanding 
legs. The standard gauge-line distance is 1.75 in, and under the assumption 
that the axial stress is uniformly distributed over the cross-section of the 
member, the eccentricity is 1.75 — 0.91 ■■ 0.84 in. 
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The moment due to this eccentricity is: 

M - 21 200 X 0.84 - 17 800 lb-in 

In a detail such as shown it may be assumed that the rivets develop the 
resistance to the moment and that the stress in the member at section A A, 
and beyond, is uniformly distributed over the cross-section. 



40.0-18.8 



The stress on the outermost rivets of the group connecting member 3-4 
to the gusset-plate may then be determined as follows: 

2>J - 2 (!T + I5 2 ) - 45 in 2 


whence 


r 0 

k 0 


4.5 in 

17 800 X 4 5 
45 


1 780 lb 


The stress on each rivet of the group due to the direct compression in the 
member is: 


h 


21 200 
4 


5 300 lb 


The combined moment and direct stress on the outermost rivets of the 
Croup (top and bottom rivets) is: 

k - \/(l 780)2 + (5 300)2 _ s 600 ]b 


Example 2 . When the action lines of the stresses of all members at a 
given joint do not intersect in a common point the resulting moment must 
be resisted by each member and its connections. 

Two common cases of such eccentricity found in roof-truss details are 
illustrated in Fig. 29(a) and (b). Let it be required to design the end joint 
detail shown at (a), Fig. 29. The moment may be calculated by combining 
any two of the non-concurrent forces and finding the magnitude of the re¬ 
sultant couple: 

U - 20 000 X 12 - 40 000 X 6 - 34 640 X 6.93 
- 240 000 lb-in 


The lengths of the members, measured center to center of gauge-line inteit 
sections, are: 

member a-1 — 8 ft 4 in - 100 in 
member l-x - 9 ft 8 in ■» 116 in 
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Since it is necessary to know the sections of the members before the moment 
can be distributed a tentative design must be made. 

Assume the following tentative distribution of moments: 

To member a- 1 ; 60 %• M — 144 000 lb-in 
To member 1-*: 40% *3/ = 96 000 lb-in 
Total - 240 000 lb-in 


For member a- 1, try two angles 6 X 4 X % in, with the long legs back 
to back: 

A *■ 11.72 sq in 
S - 10.62 in 3 

Least r - 1.67 in and L(r - 60 
I - 42.14 in 4 


Then 


, 40 000 , 144 000 

/max - ii 72 + 10 62 


- 3 420 + 13 600 - 17 020 lb per sq in 



Fig. 29. Details of Joints 


The allowable unit stress (since for L(r » 60 the allowable unit stress for 
direct compression is 15 000 lb per sq in) is: 

r^2 (1S °° 0) + 08 ■ 17 400 lb 3(1 in 

For the tentative design of member 1-x, try two angles 6 X 4 X Ke in with 
the long legs back to back: 

A (net for one in rivet) - 7.59 sq in 
S - 7.66 in* 

/ - 30.92 in 4 

34 640 96 000 

7.59 + 7.66 

- 4 560 + 12 500 - 17 060 lb per sq in 


Then 


/max 
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The allowable unit stress is 18 000 lb per sq in. The stiffness factors for 
the members as tentatively designed are: 

42.11 

member a -1 « —«■ 0.4 214 


member l-x 


The distribution of moments is: 


Total - 0.6 884 


M member a-1 


X 240 000 - 147 000 lb-in 


M member l-x 


X 240 000 = 93 000 lb-in 


Total * 240 000 lb-in 


The assumed distribution of moments and the distribution resulting from 
the tentative design are sufficiently close to warrant a linal check on the 
stresses in the members as tentatively selected. 

The stresses in the members as selected are as follows: 

The combined unit stress, member a-1, is: 

r 40 000 147 000 

/max " TuT + ~TomT 

- 3 420 + 13 850 - 17 270 lb per sq in 

(The allowable unit stress, determined as before, is 17 480 lb per sq in.) 

The combined unit stress, member l-x, is: 

, 34 640 93 000 

/m “ “ TsT + Too" 

** 4 560 -f 12 100 — 16 660 lb per sq in 

(The allowable unit stress is 18 000 lb per sq in) 

The above results are satisfactory, and it should be remembered that any 
revision in the design of either member will affect the distribution of the 
moment stress in both members. 

The maximum combined stress on the rivets connecting each member 
to the gusset-plate must be investigated. 

The number of rivets required must be estimated and the resulting stresses 
calculated. The number or the spacing or both may then be revised and the 
stresses rechecked until a satisfactory result is obtained. 

For member a-1, try seven in rivets spaced at 3 in on centers, as shown 
in Fig. 29(a). The moment to be resisted by these rivets is the moment 
assigned to member a-1, or 147 000 lb-in: 

Sr* - 2(3* + 6* + 9 2 ) - 252 in* 
r 0 - 9 in 


t 147 000 X9 
ko -252“ 


5 250 lb 
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The stress on each rivet from the direct compression in the member is: 


ki 


40 000 
7 


5 715 lb 


The combined stress on the two end rivets of the group is: 

k - V"(5 250)2 + (5 71S)2 j ~ 7 750 lb 
For member l-x, assume seven %-in rivets spaced at 3 in on centers, then: 
S /2 « 252 in 2 and r 0 *■ 9 in 

as before. 

The moment stress on each end rivet of the group is: 


k 0 


93 000 X 9 
252 


3 320 lb 


Each rivet of this group must provide a resistance to the tendency of the 
lower chord to move upward due to the fact that the reaction is transmitted 
directly to the outstanding legs of the lower chord member. The direct 
stress to be resisted is, therefore, the resultant of the tension, 34 640 lb, and 
the vertical reaction, 20 000 lb, or 40 000. The resultant of any two of the 
three forces being equal and opposite to the third force, then: 


*i 


40 000 
7 


- 5 715 lb 


Since the moment stress and the direct stress are not at right-angles to 
each other the easiest method of finding the resultant stresses is by means 
of a force-polygon as shown in Fig. 29(a). The maximum combined stress is 
found to be 7 900 lb as shown. 


Clip-Angle Connections. Angles connected by one leg only arc subjected 
to bending due to the fact that their gravity axis does not coincide with the 
line of action of the stress in the connecting rivets. 

Tests * of angles connected by one leg show results of 75% to 80% of 
the full value of the net cross-section. This is increased 5% to 10% by the 
use of clip-angles providing a connection for both legs as illustrated in 
Fig. 30(a). 

Approximately the same results were found for two angles connected as 
shown at (6), Fig. 30. 

Specifications usually require that angles connected on one side of a gusset- 
plate as at (a) and (6), Fig. 30, be designed for an efficiency of 125% on the 
basis of their net areas in order to provide for the increase in stress due to 
eccentricity. 

End Joint Details. The usual methods employed for end joint details of 
steel roof-trusses are shown in Fig. 31. 

When the trusses are supported on masonry walls provision must be made 
for expansion and contraction due to temperature changes, and for spans 
of more than 40 to 60 ft certain types of trusses require a provision for lateral 
displacement due to deformation. (See Chapter XXV.) 

For spans up to 80 ft expansion details are usually of the type shown at (a), 

Fig. 32. 


Engineering News, Vol. 56, page 14. 



Typical End Joint Details for Trusses Supported on Columns 
Fig. 31. End Joint Details 
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Slotted holes are provided in the member of the truss which delivers the 
reaction to the bearing-plate, and the anchor-bolts extend upward through 
the slotted holes. The nuts on the ends of the anchor-bolts hold the truss in 
position while the slotted holes allow the truss a more or less free longitudinal 
movement. The slotted holes should provide for a movement of in for 
every 10 ft of span. The full provision should be made on each side of thp 
center line of the anchor-bolt. Anchor-bolts should never be less than 5^ in 
in diameter and should be bedded in the masonry at least $ in. 



When the span of the truss exceeds 80 ft, and when the roof-loads are 
relatively large, a rocker bearing, Fig. 32(6), or a roller bearing, Fig. 32(c), 
may be used. 

The vertical webs of cast-iron rockers are designed for an allowable unit 
stress of 9 000 — 40 L/r, where L - the height and r = the least radius of 
gyration, of the vertical web. The minimum thickness of any part should 
be in. The allowable unit bearing for cast-iron rockers is 300 d per lin in, 
where d — the diameter of the curved contact surface in inches. 

Rollers for roof-truss bearing are solid steel cylinders and should not be 
less than 2}^ in in diameter. The allowable unit bearing is 600 d per lin in 
of roller, where d » the diameter of rollers in inches. 

Bearing Details. The average allowable working unit stress in bearing on 
masonry walls and piers in pounds per square inch, is as follows: 


Granite masonry, Portland-cement mortar. 500 to 600 

Concrete, 2 000 lb per sq in Ult. 450 

Concrete, 2 500 lb per sq in Ult. 560 

Concrete, 3 000 lb per sq in Ult. 675 

Limestone masonry, Portland-cement mortar. 400 to 500 

Sandstone masonry, Portland-cement mortar. 300 to 400 

Hard-burned brick, Portland-cement mortar. 250 to 300 

Medium-burned brick, Portland-cement mortar . 175 to 200 


The distribution of pressure under bearing-plates in details as shown in 
Figs. 31(a), (6), (r), and 32 is an indeterminate function of the stiffness pf 
the members delivering the truss reaction to the bearing-plate, the stiffness 
of the bearing-plate and the relative elasticity of superimposed detail and the 
masonry upon which it bears. 
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The working unit values given above are allowable average values and the 
size of the bearing-plate is determined by dividing the total vertical reaction 
by the allowable unit stress. 

It must be realized that such a procedure is merely an assumption and that 
the projection of shoe or flange angles as well as the projections of the bearing- 
plate must be kept within certain limits if excessive bearing stresses are to 
be avoided. 

The distribution of pressure over the bearing legs of the shoe or flange 
angles varies from a maximum at the center of the detail to a minimum 
toward the outer ends of the angle legs. The variation probably follows 
somewhat that which is indicated in Fig. 33(a). 



fa) (b) 

Fig. 33. Distribution of Pressure 


The moment which produces maximum bending stresses in the bearing-leg 
of the shoe or chord angle may be taken as equivalent to two-thirds of the load 
assigned to the outstanding leg multiplied by one-fourth of the length of that 
leg, or: 


M a 


Ra 

TT 


(28) 


and the required thickness of the angle leg is: 


ta 


1 1 Ra 

A 2 '/ b 


(29) 


in which R — the maximum vertical reaction; 

/ « allowable unit stress in flexure; 
a «■ width of projecting leg of shoe or flange angles; 
b ■* length of projecting leg of shoe or flange angles in bearing per¬ 
pendicular to the wall. 

Following the same general assumptions, and using the same moment on the 
angle leg as in (28), the maximum bending moment in the bearing-plate, Fig. 
33(6), is: R 

M p - — (c-a) (30) 


and the required thickness of the bearing-plate is: 


1 R (c-a) 


(31) 
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in which c m the width of the bearing-plate parallel to the wall; 

b - the width of the bearing-plate perpendicular to the wall; 
R,/ and a are as in Equation (29). 


Example. Let it be required to design the bearing detail, shown in 
Fig. 31(6), for the following given data: 

Shoe angles, 6 in X 4 in (long legs back to back). 


Maximum vertical reaction — 38 000 lb 

Allowable average unit bearing on masonry «• 200 lb per sq in 

Allowable extreme fiber-stress in bending — 18 000 lb per sq in 


The required area of the bearing-plate is 


38 000 
200 


190 sq in, and will be 


made 14 in X 14 in 
Equation (29), is: 


— 196 sq in. The required thickness of the shoe angle, 


ta 


4 


1 38 000 
2*18 000 



0.55 in 


and will be made p in. 

The required thickness of the bearing-plate, Equation (31), is: 


/l 38 000 14-4 

Ali' 18 000 x 14 


0.866 in 


and will be made in. 

If 6 X 6-in angles were to be used instead of 6 X 4-in angles, the thicknesi 
of the angles would be 1 Y\§ in and the thickness of the bearing-plate would 
be 1 ;^i6 in. 


9. Detailed Design of Steel Roof-Construction 

General. An example of the complete design of the steel roof-construction 
for a building, beginning with the layout from the architectural drawings, will 
be presented in the following articles. 

The roof-plan, showing the location of pilasters and a section with the 
established roof and ceiling lines, is shown in Fig. 34. 

The specified roof-construction is a slate weathering-surface laid over a 
properly prepared base as required for slopes of less than 5 in 12. The struc¬ 
tural covering will be a nailing concrete slab. The concrete will envelop 
the sides of the purlins and the thickness on each side of the web will equal 
the flange projection. 

The roof is to be designed for an equivalent uniform live load of 30 lb per 
sq ft of roof-surface, and this live load may cover the entire roof or only one- 
half of the roof. The masonry bearing-plates will have their outer edges 
4 in from the outer face of the supporting piers in order to provide ample 
protection from the weather. 

A preliminary investigation of the roof slab thickness, purlin size and 
ceiling-construction, indicates that about 2 ft should be deducted from the 
vertical dimension, as established by the architectural section, in fixing the 
vertical dimension between gauge-lines of the chord members at the center 
of span. 

The span of the trusses, center to center of bearing, will depend upon the 
required size of the bearing-plate, which a preliminary calculation indicates 
to be about 16 in X 16 in. The span will, therefore, be taken as 68 ft 0 in 
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center to center of bearing, as shown, and the working space for the truss 
layout is as shown on the architectural section, Fig. 34(6). 



Fig. 34 


Working Unit Stresses* The following working unit stresses will be 
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I. Nailing concrete 

(1) Flexure. 300 lb per sq in 

(2) Shear (diagonal tension). 20 lb per sq in 

II. Steel 

(1) Flexure. 18 000 lb per sq in 

(2) Tension (net section). 18 000 lb per sq in 

(3) Compression (column members). .- 

l + — hi — 

18 000 r* 

(a) Maximum compression. 15 000 lb per sq in 

(b) Maximum Lfr (principals). 120 

(c) Maximum LJr (bracing). 200 

(4) Shear 

(a) On power-driven rivets. 13 500 lb per sq in 

( b) On hand-driven rivets. 10 000 lb per sq in 

(5) Bearing 

(а) On power-driven rivets 

Single. 30 000 lb per sq in 

Double. 24 000 lb per sq in 

(б) On hand-driven rivets 

Single... 20 000 lb per sq in 

Double. 16 000 lb per sq in 

III. Masonry 

(1) Average bearing. 250 lb per sq in 

All rivets are to be % in with 1 ^i6~in open holes. The smallest allowable 
angle is 23^ in X 2 in X J4 in. Gusset-plates, in so far as is practical, are 
to be % in in thickness. 

Design of Structural Covering. The slope of the upper chord is l % 4 , or 
16° 24' with the horizontal. 

Sine A - 0.2823 
Cos A - 0 9593 


In accordance with the general considerations outlined in Article 3, the 
truss will be divided into eight panels. The lower chord panel length will be 
68/8 ■■ 8 ft 6 in, and the upper chord panel length will be 8.5 X 1.0424 — 
8.860 or 8 ft lO^'fe in. The spacing of trusses is fixed by the location of the 
pilasters and is as shown in Fig. 34(a). 

The unit loading for the design of the roof slab, in pounds per square foot 
of roof-surface, is: 

Dead load: 

(1) Slate and base. 12,0 

(2) Slab (assumed). 30.0 

~42j5 

Live load. 30.0 


From Equation (8), Article 4, the required thickness of the slab is: 
, . /300 X 1.042 . „„ 


/ • 4.26 in 
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If the dab is made in, the weight of the slab per square foot of roof- 
surface is 33 lb, the total design load is 72 + 3 - 75 lb per sq ft of roof- 
surface, and the required thickness of the slab is 4.33 in. 

The slab will be made 4)^ in and the weight of purlins plus the covering 
around the purlins will be assumed as equal to an additional 5 lb per sq ft of 
roof-surface. 

The total design load for purlins will, therefore, be taken as 80 lb per sq ft 
of roof-surface. 

Design of Purlins. The uniformly distributed vertical load on each typical 
purlin is: 

8.86 X 18 X 80 - 12 750 lb 
12 750 

and M v -— X 18 X 12 - 344 300 lb-in 

O 


The stress coefficient is: 


18 000 
344 300 


0.0523 


There is no value in Table XVII which corresponds exactly with this stress 
coefficient for the given roof-slope. The tabular values do indicate, however, 
that a 10 in-C-21.0 lb is the most likely section. 

Assume this section, then, from Equation (13), Article 4: 


/max 


344 300 


' 0.959 _8_ 0 282 \ 

,21.73 + 90* 4.0 / 


- 344 300 (0.0506) - 17 400 11) per sq in 


An investigation of other available sections shows that the section selected 
is the most economical; however, if it were necessary to conserve space an 
8 in-C-24.0 (Table XVII) could be used and /max - 344 300 (0.0499) - 
17 200 lb per sq in. The 10-in section is lighter and provides more rigidity in 
the plane of the roof and will be used throughout. 

The average weight of purlins plus covering is approximately 5 lb per sq ft 
of roof-surface, as assumed. 

Design of Ceiling-Beams. Ceiling-beams will be supported at each lower 
chord panel-point, their span being equal to the truss spacing. Furring- 
angles will support the metal lath and plaster over the span of 8 ft 6 in between 
ceiling-beams. The unit load of the ceiling construction is: 


Metal lath and plaster. 10 lb per sq ft 

Ceiling beams and furring. 2 lb per sq ft 

Total . 12 lb per sq ft 


The uniformly distribute 1 load on each ceiling beam is: 

8.5 X 18 X 12 - 1 800 

and M - X 18 X 12 - 48 600 lb-in 

o 


Assume a 6 in-T-12.5 lb (section-modulus - 7.27 in*), then: 
. 48 600 . 

/ - yht ■ 6 700 lb per *> ,n 
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If the ceiling-beams are laterally stayed at their mid-points of span, — «33.4 

b 

and from Table IV, Chapter XVIII, the allowable unit stress is 0.74 X 18 000 
—13 300 lb per sq in. 

The deflection coefficient for an 18-ft span, Table II, Chapter XVIII, is 
6.033, for / >=» 18 000 lb per sq in, whence: 


A 


6 700 6.033 

18 000 X 6 


0.375 in 


The maximum allowable deflection, 1/360 of the span, is 0.600 in. 

Since the stiffness of the construction in the plane of the lower chord will be 
largely dependent upon the ceiling-beams it is not advisable to use a smaller 
section, and the beam assumed will be used throughout. 

Estimated Weight of Trusses. The loading for one typical truss is: 

Upper chord: 

8 (8.86 x 18) 80 - 102 000 lb 

Lower chord: 

7 (1 800) = 12 600 lb 
Total 114 600 1b 


From Equation (2), Article 1, the estimated weight of the truss is: 


XV 


114 600 / 68 68 \ 

110 \ + 30 + 5 Vis/ 

6 600 lb 


The following distribution of the weight of the truss to the various panel- 
points will be made: 

Add 450 lbs to each upper chord panel-point. 

Add 400 lb to each lower chord panel-point. 

The total panel-loads for design are: 

Upper chord panel-loads ** 12 750 + 450 ■= 13 200 lb. 

Lower chord panel-loads * 1 800 -f 400 — 2 200 lb. 

Calculations of Truss Stresses. The outline of a typical truss as fixed by 
the established dimensions of the architectural section, is shown at (ci), 
Fig. 35. 

Various combinations of the web-members are possible; however, the 
arrangement shown was selected, after a preliminary study of different 
arrangements, as that which will give the best and most economical results. 

The stress-diagram for the full live and dead load is shown at (5), Fig. 35. 
It should be noted that the stresses in members 5-6 and 11-12 are very small 
for the maximum load, being less than 1 000 (tension) each. 

It might be possible, under partial loading, for the character of stress in 
these members to be reversed. 

When an equivalent live load is used in design, it is advisable to construct 
a stress-diagram assuming the live load on one side of the roof only. This 
condition of loading might occur frequently either with maximum snow, or 
with ice and sleet plus wind-loads. 

A stress-diagram for full dead load on both upper and lower chord panels 
and with live load on the left half of the truss is shown at (c), Fig. 35. 
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Fig. 35. Calculation of Stresses in Truss 
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This diagram shows that, under the loading condition assumed, the stress 
in member 5-6 is 2 000 (compression). The amount of stress is small; how¬ 
ever, the fact that under certain conditions the character of the stress changes 
from tension to compression is very important. 

The design stresses taken from (a) and (6), Fig. 35, and the lengths of the 
members calculated from tables of squares, are shown in Table XXXI11. 

Design of Tension-Members. The limiting dimensions of a truss which 
may be riveted up completely in the shop, and delivered as a unit at the 
building site, depend upon the methods of transportation. When the truss is 
to be shipped by rail, the vertical dimension, as the piece is loaded, is generally 
limited to 10 or 12 ft. The facilities for erection may, in some cases, govern 
the size of a single unit which can be erected. 

The trusses for the building under consideration will be shipped in two 
principal parts, splices being made at joint (10) and at each joint (7). 

When chord members are continuous through several panels it is usually 
more economical to use an unspliced member, designed for the maximum 
stress. The lower chord will be made continuous from joint (3) to joint 
(7), and the length between joint (7) left and joint (7) right as well as 
member 8-9 will be shipped as separate units and their connections will be 
field-riveted when the truss is assembled. The maximum design stress for the 
lower chord section C 7-3 and C6-5 is 78 200 lb (tension). Referring to 
Table XXXII, the most economical section available is one composed of 
two 4 X X %-in angles providing for an allowable tension of 2 X 42.1 
«84 200 lb, and weighing 2 X 9.1 ■ 18.2 lb per lin ft. If, however, inmaking 
the splicing detail at joint (7), it becomes necessary to allow for the deduction 
of two rivet-holes from the gross area of each angle, it will be necessary to use 
a larger section. For this case, assume two 4 X 3^ X Ji6-in angles: 

Gross area, 2 x 3.09 «* 6.18 sq in 

Deduct 4 X + Yi) X Ke “ D53 sq in 
Net area 4.65 sq in 

The total allowable tension on the net section is 4.65 X 18 000 - 83 700 lb. 

The end section of the lower rhord is, in reality, member 1-2, and member 
Cs-l might be considered unnecessary since its stress, from the diagrams in 
Fig. 35, is zero. The member is, however, of considerable value in stiffening 
the end detail and, moreover, for a case of inclined loading, member Cs-l 
will be subjected to a primary stress and that stress may be either tension or 
compression depending upon the direction of the reaction of the inclined 
load. The member should, therefore, be designed to fulfill the requirements 
of compression-member of a bracing system, with a minimum L{r of 200. 

The length of the member is 102 in, and the least radius of gyration should, 
102 

therefore, be - 0.51. This requirement may be provided by a single 

angle 3 X 2j^ X in, weighing 4.5 lb per lin ft, or bjttwo X 2 X J£-in 
angles weighing 7.2 lb per lin ft. The two angles are preferable, and in 
view of their greater stiffening value, the relatively small difference in total 
weight is more than offset. 

The stress in member 7-8 is 17 700 lb (tension) and, from Table XXXII, 
the allowable value is supplied by a single angle 3 X 2 X in which, 
with one hole deducted, provides for 19 600 lb. In selecting single angles, 
however, it must be borne in mind that only 80% of the tabular values may 
be used, as explained in Article 8. 

The value of the angle selected is, therefore, 0.80 x 19.6 - 15 680 lb. 



1482 


Design and Construction of Roof-Trusses [Chap. 26 

In selecting single angle members it is convenient to multiply the actual 
design stress by 1.25 and use the resulting value as a basis for selecting the 
member. 

Thus for member 7-8, an angle having an allowable tabulated value of 
17 700 X 1.25 - 22 125 must be selected. The angle required is a 3 X 2j^ X 
in, with a capacity of 0.80 X 24 200 =» 19 600 lb. 

The remaining tension-members are selected in the same manner as shown 
by the preceding examples and the final sections selected are given in 
Table XXXIII. 

Design of Compression-Members. The upper chord on each slope will 
be made of the same section throughout. This is good practice for it will 
probably be about as economical as to provide a splice at those joints where 
the section might be changed and it also results in a more rigid structure. 

The length of the upper chord divisions are 106^16 in* The purlins and the 
roof-construction will provide ample lateral support for the upper chord, and 
the unsupported length is, therefore, the length of the upper chord panel. 
In designing compression chord members for the usual types of roof-construc¬ 
tion it will be found that for panel lengths of from 7 to 10 ft, the average 
allowable unit stress for members composed of two angles will range from 
12 000 to 15 000 lb per sq in. 

The maximum stress in the upper chord is 82 000 (compression), and 
assuming / allowable at about 13 500 lb per sq in, the Ljr ratio, Fig. 27, is 
about 75 and for L =» 106 in r is shown to be about 1.4. 

Select two angles 5 X 3% X % in with the long legs back to back 
and, assuming a %-in gusset-plate, the least r, as given by the tables of prop¬ 
erties, is 1.46, whence Ljr «* 73, and the allowable unit stress, from Fig. 27, 
is 13 850 lb per sq in. The area of the two angles selected is 6.10 sq in, and 
the total allowable compression is 84 480 lb. 

The sections of compression web-members are often governed by the 
slenderness-ratio rather than the stress in the member. The average allow¬ 
able unit compression values will vary from about 8 000 to 12 000 lb per sq in. 

The length of member 2-3 is 7 ft 6 in « 90 in. The design stress (Table 
XXXIII) is 34 000 lb, and, from Fig. 27, if the allowable unit stress be as¬ 
sumed as 12 000, Llr - 95 and r = 0.95. Assume two 3j^ X 2j^ X 
angles. A - 2.62 sq in and the least r (%-in gusset-plate) is 0.95. From 
Fig. 27, the allowable unit compression is 12 100 lb per sq in and the total 
allowable compression for the member selected is: 

12 100 X 2.62 - 31 700 lb 

The area of the member selected is insufficient, and the next lightest weight 
of two angles, long legs back to back, which provides a greater area with a 
slightly greater value of the least radius of gyration, is two 3% X 2 X 
angles. A *■ 2.88 and the least r » 1.09. Then L(r - 90/1.09 =» 82.5 and 
the allowable unit compression is 13 000 lb per sq in. The total allowable 
compression for the member selected is 2.88 X 13 000 « 37 400 lb. This 
member provides a greater capacity than required but is the most economical 
section available. 

The length of member 4-5 is 120 in and, hence, the least radius of gyration 
permissible is 1.0. This is furnished most economically by the section selected 

120 

for the member (2-3) just designed. In this case L/r - Jqq - 110 , and 

from Fig. 27, the allowable unit compression is 10 750 lb per sq in. Th# 
capacity of the member is 2.88 X 10 750 - 30 960 lb, while the stress in th* 
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member is only 13 800 lb. The section of the member is, therefore, governed 
by the slenderness-ratio. The same is true of members 5-6 and 6-7. 

The sections selected for the various members, together with the design 
stresses and lengths computed to the nearest thirty-second of an inch, are 
given in Table XXXIII. 

Design of Joint Details. Gusset-plates will be made % in throughout, 
except at the joints where the splices occur, where ^{g-in plates will be used 
in order to reduce the number of field-rivets required. 

Riveted joints in roof-truss construction should be as compact as prac¬ 
ticable and in no case should an unsupported dimension of the gusset-plate 
exceed 60 times the thickness of the platen unless stiffener angles are used, 
as shown in Fig. 32(c). 

The number and arrangement of rivets will be determined by the values 
given in Tables XXV to XXXI, inclusive. The size and shape of each 
gusset-plate will depend upon the number and spacing of rivets in the various 
members connected. The width of a gusset-plate measured at right-angles 
to any member should increase, from the outermost rivet in the member, 
toward the center of the detail, in order to provide for increasing stress from 
the successive rivets. 

When a member such as the upper or lower chord is continuous through 
the joint, the stress transferred to the joint is the difference in the chord stress 
on each side of the joint. This amount may be relatively small, and the 
gusset-plate dimension along the chord as required for the accommodation of 
the web-members may be relatively large. In such a case it is necessary to 
provide more rivets than the number theoretically required, in order that the 
maximum spacing be not exceeded. At the peak joint it is generally advisable 
to use the same number of rivets on the shop side of the joints as required on 
the field side in order to provide for symmetry in details and shop work. 

The stresses to be transferred by the members, the governing rivet value, 
the number of rivets required, and the number used at each joint, are given in 
the table Rivets Required. 

Design of Splices. The detail of the splice at joint (7) is shown at e, Fig. 
36. The gusset-plate extends below the chord member to provide for a 
standard end connection of the ceiling-beam. The splice detail can be made 
either by a direct transfer of the total stress in each chord member to the 
gusset-plate by means of rivets through the vertical legs of the angles, or by 
the use of splice-plates on the horizontal legs in conjunction with the connec¬ 
tions of the vertical legs. 

When the stresses to be transferred are relatively large the first method 
requires a long joint detail. 

If, in the detail under consideration, the stress in the chord members is to 
be transferred directly to a ^fg-in gusset-plate by rivets in the vertical legs, 
the number of shop-rivets required for member oj- 5 is 78 200/9 840 «■ 8, 
and the number of field-rivets required for the member is 70 300/6 560 - 11. 

The total length of plate required, using 2j^-in rivet-pitch, ij^-in edge 
distance and allowing %-in clearance between the ends of the two chord 
members, would be 48% in. 

When the number of rivets on any one gauge-line is 10 or more, the rivets 
near the ends of the group will receive more stress than those nearer the 
center of the group. As a general rule, when more than 10 rivets are required 
for the connection at the end of any member, a thicker gusset-plate or double 
gauge-lines should be used. A more satisfactory detail at joint (7) can be 
made by using horizontal splice-plates to transfer a part of the stress, thereby 
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reducing the amount of stress to be transferred by the rivets through the 
vertical legs to the gusset-plate. 

Rivets Required 



• See Design of Splices. 


In general not more than about 50% of the stress in either of the members 
should be transferred through the splice-plates. 
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Fig. 36. Details of Roof Truss 
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The rivet values, allowable pounds per rivet, are: 

Shop side Field side 

Bearing Jfg-in pi. ■■ 9 840 Bearing Jie-in pi. *- 6 560 
Single shear «■ 5 960 Single shear — 4 420 

Since the gusset-plate is to extend below the angles, in this case, two splice- 
plates, each in wide, will be used. Assume four rivets in each splice- 
plate on the field-connected side. Their value, determined by single shear, is: 

2 x 4 x 4 420 « 35 360 lb 

The number of field-rivets required to connect the vertical legs to the 
gusset-plate, on the field side, is: 

(70 300 - 35 360)/6 560 - 5.35 or 6 

Since no more stress can be transferred by the splice-plate than that deter¬ 
mined by the rivet value on the side of the splice having the least allowable 
value, the rivets connecting the horizontal legs to the splice-plates on the 
shop side cannot transfer more than 35 360 lb. 

The number required is 35 360/5 960 - 5.9 or 6 rivets, and the number 
required to connect the vertical legs to the gusset-plate on the shop side is 
(78 200-35 360)/9 840 - 4.35 or 5 rivets. 

The transfer of stress is, then, as follows: 

Shop side Field side 

Horizontal legs - 35 360 lb Horizontal legs - 35 360 lb 

Vertical legs - 42 840 lb Vertical legs ■» 34 940 lb 

Total =» 78 200 lb Total * 70 300 lb 


The difference between the total stress transferred on the two sides of the 
joint is: 


78 200 - 70 300 - 7 900 lb 


This difference in stress which tends to move the gusset-plate horizontally 
toward the left is just neutralized by the horizontal components of the stresses 
in the web-members 5-6 and 7-8, as is shown by the stress-diagrams in 
Fig. 35. The minimum thickness of the splice-plates is determined by the 
allowable unit tension on the net section. Each plate will be subjected to a 
tension of 35 360/2 - 17 680 lb. The minimum thickness required, allowing 
for the deduction of one rivet-hole }/& in larger than the diameter of the rivet, 
is: 


17 680 

18 000 


0.375 or % in 


When rivet-holes occur in both legs of an angle, the pitch of rivets to main¬ 
tain a net section equal to that section with one hole deducted is given in 
Table XXXI. 

The gauge distance on the 4-in leg of the chord member is 2J-4 in, and on 
the 3j^-in leg the gauge is 2 in. The value of a, Table XXXI, is 2 % in -f- 2 in 
-4H * n » and 6, the minimum pitch, is 2 1 %q in, which would require the 
rivets connecting the vertical legs to be placed at 2 X 2 1 ^fg - S n /% in apart, 
and the use of a splice-plate detail to reduce the length of the connection 
would not be accomplished. 
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Provision was therefore made in the design of the chord members for a 
deduction of two rivet-holes, which will allow the usual spacing of 2j^ la 
in both legs of the angles. 

Peak Splice. Members e-1 and 7-8 will be shop-riveted to the gusset-plate 
at the peak and all other members will be field-riveted, as shown at (d) t 
Fig. 36. 

An investigation of the number of rivets required for the field-connection 
of member /-10, assuming a 9d$-in gusset-plate, shows that 82 000/5 630 — 
14.6 or 15 rivets would be necessary. These rivets could be placed on two 
gauge-lines; however, a more satisfactory detail is possible with a %<j-in 
gusset-plate. 

The number of rivets required for the connection of member /-10 is, then, 
82 000/6 560 — 12.5 or 13 rivets. Two gauge-lines will be used, with 7 
rivets on the gauge-line nearer the outstanding legs and 6 rivets on the other 
gauge-line. 

To promote symmetry in detailing and shop work, the same number and 
arrangement of the shop-rivets for the connection of member e-7 will be used 
as required for the field-connection of member /-10. 

The number of field-rivets required for the connection of member 9-10 is: 
17 700/4 420 - 4, and the same number of shop-rivets will be used in the 
connection for member 7-8. The stress in member 8-9 is 2 200 lb. The 
member is field-connected, and the rivets being in single shear, the number 
required is 2 200/4 420 = 0.5 rivet. Since two rivets is the minimum num¬ 
ber which should be used in any member subjected to a calculated stress, the 
minimum requirement governs for this connection and all others where the 
calculated number of rivets is less than two. 

End Bearing Detail. The detail of the end joint is shown at (fc), Fig. 36. 

The size of the masonry bearing-plate is governed by the magnitude of the 
maximum vertical reaction and the allowable unit bearing value specified 
for masonry: 

Area of plate « - -« 238.8 sq in 

The dimension of the bearing-plate perpendicular to the wall is more or 
less fixed by the pilaster dimension shown in Fig. 34(r), as about 16 in. The 
required width of the plate parallel to the wall is (238 8)/16 =» 15 in. 

The number of rivets required to transfer the reaction to the shoe angles 
is (59 700)/8 440 «• 7 rivets. The vertical legs of the shoe angles will be 
made 6 in, and the seven rivets required will be arranged on two gauge-lines 
as shown in the detail, Fig. 36(b). 

If the outstanding legs of the shoe angles are made 6 in, the bending 
moment governing the thickness of metal required is given by Equation (28) 
as: 

59 700 

M a - X 6 - 29 850 lb-in 

If the dimension of the shoe angle perpendicular to the wall is made 12 in 
as required to accommodate the seven rivets, the thickness of metal required 
as given by Equation (29), is: 

jl 59 700 X (T ^ 

0 " *2* 18 000 X 12 "" 


0.91 or 1 ^6 
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The thickness of the masonry plate with 6 X 6-in shoe angles, with a thick¬ 
ness as determined above, is given by Equation (31), as: 


4 


59 700 15-6 
2 18 000* 16 


0.97 or 1 in 


If the shoe angles be made 6 in X 4 in X 12 in long, the required thickness 
of the angles is: 


<a - Vr 


59 700 4 


2 18 000 12 


and 


“Vi - 


59 700 11 


2 18 000 16 


0.74 or % in 


1.06 or 1 in 


The latter combination provides a more economical detail and will be used. 

The lateral expansion resulting from probable temperature changes and 
displacement due to deformation will be provided for by slotted holes in the 
horizontal legs of the shoe angles at one support. The diameter of the 
anchor-bolts will be in, and full provision for probable lateral movement 
will be made on each side of the anchor-bolts, as shown at (6), Fig. 36. 

As specified in Article 8, the allowance will be Jdj in for each 10 feet of span. 

The required length of the slotted holes is: 

% in + 2 in «=* 2.57 or 2% in 


Lateral Bracing. The lateral rigidity of the entire roof-construction is 
an important item and one that is too often neglected. When the roof- 
construction is supported by end walls which may be subjected to wind-loads, 
the lateral bracing serves to stiffen the roof system, thereby preventing 
excessive stresses due to a possible displacement of the trusses. Many cases 
have been recorded of the failure of a steel roof-frame, during construction, 
due to the absence of proper bracing. Very often the unsymmetrical loads 
resulting from material and equipment incidental to construction cause 
serious displacements of the members of the framing system. Such condi¬ 
tions might be impossible in the completed roof braced by a rigid and continu¬ 
ous structural covering; however, in any case, the small additional expense 
of bracing is justified in any important project. 

All trusses supported on masonry walls, where the span is greater than 40 ft, 
should at least be braced in pairs either by sway bracing in the planes of the 
chords, or by lateral bracing extending the depth of the trusses in planes 
at right-angles to the trusses. No well-defined mathematical procedure for 
the design of such bracing is possible since the forces involved are of an 
indefinite nature. Experience and judgment arc the all important factors 
in the design of lateral bracing systems. 

For the roof under consideration the purlin connections at joints (2), 
(6) and (10) will be made of standard end connection details to the gusset- 
plates which are extended above the chord member for that purpose. A 
series of such connection details provides a considerable amount of lateral 
rigidity in the plane of the upper chord before the structural covering is in 
place. 

In addition to the rigid purlin connections, the trusses will be braced in 
pairs in the planes of members 4-5 and 12-13, as shown in Fig. 34(d). 
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When tension-members are used in inclined positions in bracing systems 
their slenderness-ratio should be limited to about 250 to 300. 

Th e length of the diagonal bracing members between trusses, Fig. 34(d), is 

(\/18 2 + 10~) 12 « 247 in. The least radius of gyration should be about 
1.0 and is supplied by a single angle 4x33^XJi6in. 

The ceiling-beam at joint (5) will act as the bottom strut of the lateral 
frame and the purlin at joint (6) will act as the top strut. 

The maximum allowable slenderness-ratio for struts in bracing systems is 
200 . The least radius of gyration of the 10 ft-C-21-lb purlin section is 1.39, 
and prior to the placing of the structural covering this value will be con¬ 
sidered as the factor governing the stiffness of the purlin. The length is 
216 

18 X 12 - 216 in and L/r ■» —* « 155, which is satisfactory. The least 


radius of gyration of the 6 in—I—12.5-lb ceiling-beam is 0.72, and L/r - * 

300, which is excessive. 

The ceiling-beams may be supported laterally at their mid-points of span 
by an angle framed across their upper flanges and extending between the outer 
ceiling-beams at joints (3) right and left. This angle may be the smallest 
angle permissible or a 2% X 2 X J4 in, and the slenderness-ratio of the 

9 X 12 

ceiling-beam at joints (5) right and left may then be taken as L/r « — — 

150, which is satisfactory. 


Design Detail. The complete design of the truss is shown in Fig. 36(a), 
which illustrates the general type of drawing prepared by the designer and 
from which the shop drawings can be intelligently made. 

The drawing shows the sizes and arrangement of members, the thickness 
and general proportions of gusset-plates, the number of rivets at each joint, 
and the overall dimensions. 


In the case of special details it is sometimes necessary to show by a larger- 
3cale drawing the particular features which the designer has incorporated in 
jhe detail. 
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CHAPTER XXVII 

ELEVATOR SERVICE IN BUILDINGS * 

1. General Considerations 

Quality of Service. Requirements of passenger elevator service vary 
greatly in different types of buildings and even in buildings of the same 
type in different localities. The quantity of service necessary depends on 
the peaks of traffic during the arrival in the morning, the luncheon period, 
extending in some cases from noon until 2:30 p.m., and in the evening when 
emptying the building. A sufficient quantity of elevator service must be 
provided so that in the morning peak the tenants will not be delayed too 
long in reaching the floors on which they work, and particularly, so that there 
shall not be congestion in the lower halls. The Quality of elevator service 
is also important, and the interval, which is the average time between cars, 
one-half of which the passengers must wait on the average for an elevator, 
must not be too long. It is also desirable to have smooth and rapid operation, 
with acceleration and retardation that is not uncomfortable for passengers. 
Automatic operation insures smooth performance, including proper accelera¬ 
tion and retardation, and practically eliminates complaints about operators, 
no skill being required. The lanterns over the doors that indicate the 
approach of the elevator and the direction in which it will travel, should 
light only when the car is certain to stop at the landing. Having deter¬ 
mined the traffic peak, which is the maximum number of passengers per 
unit of time, the elevators must have a traffic handling capacity equal to this 
requirement, and must be arranged in suitable groups so as to obtain a sat¬ 
isfactory interval and a suitable grouping arrangement. The groups of ele¬ 
vators should not be too long, preferably not more than 30 ft, and should, 
wherever possible, be located on private halls which do not have through 
traffic. 

In general, buildings requiring passenger elevator service may be divided 
into two classes: (1) rented office-buildings having diversified tenancy, 
and (2) special-purpose buildings. 

Office Buildings Having Diversified Tenancy. This is the usual type of 
office-building, and the elevator traffic characteristics follow a rather definite 
trend. The peaks of traffic are lower the greater the time-spread of the 
traffic waves. The diversified tenancy causes the tenants to start and 
stop work at various times instead of simultaneously, as is the case in certain 
special-purpose office-buildings. In a diversified-tenancy office-building, 
for example, the spread of arrival may be about one hour, with the peak, 
in the larger cities, occurring near 9:00 a.m., and amounting usually to from 
10 to 12% of the population of the building in five minutes. Five minutes is 
taken as the unit upon which the quantity of elevator service is based, because 
otherwise there will be an objectionable accumulation in the hall at the 
lower terminal loading floor. The occupants of the building will arrive 
in a wave which will gradually rise to a peak about the time that the majority 
of people start work, and then drop rather quickly. During the arrival 
wave, the passenger traffic will be practically all in the “up” direction. 

* The information contained in this Chapter has been compiled by E. W. Yearsley 
through the courtesy of the Otis Elevator Company, New York City. 
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There may, however, be special conditions requiring people to report first 
at certain floors and then go to other floors on which they work. 

After the morning peak of arrival, the traffic of those who leave the building 
to look after outside business will commence, and shortly after this there 
will be people arriving and departing who have business with the occupants 
of the building. From about 10 o’clock until noon the traffic up and down is 
likely to be nearly equal and usually the combined up and down traffic is not 
as great as that of the arrival peak. At about 12 o’clock some of the occu¬ 
pants go to lunch, and there is a heavy down peak of traffic. There is usually 
heavy traffic both up and down from a little after noon to at least 2:00 p.if. 
The peak of this traffic is generally at about 1:00 p.m., when there is about 
an equal number of people returning from and going to lunch. In a diversi¬ 
fied-tenancy office-building, the five-minute peak at 1 o’clock will vary from 
about 12 to 16% of the population, with about 60% of the traffic up and 
40% down. After about 2:30 p.m. the traffic will be reduced and will be 
nearly equal up and down, and this condition will continue until about 4:30 
p.m., when the traffic is usually considerably reduced until about 5:00 p.m., 
when the peak of emptying the building begins. This is usually heavy 
immediately after 5:00 p.m. (See Fig. 1.) 



Fig. 1. Curve of Typical Traffic Loads 

The peak of arrival is influenced by the horizontal transportation facilities 
and may be considerably increased if the building is immediately adjacent 
to terminals at which trains are arriving, as a single train may discharge 
a great number of people who are occupants of the building. The evening 
traffic peak when emptying the building is apt to be very high because the 
people are in the building and a large number will reach the elevators at 
about the same time after they have stopped work. This peak, however, is 
not so important as the morning peak, because waiting passengers are divided 
among the elevator hallways above the lower terminal. 

Inter-floor Traffic is usually comparatively small in a diversified-tenancy 
office-building but may be very high in a special-purpose building. In most 
cases the inter-floor traffic is not great in the peak traffic periods, although 
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if the luncheon period is protracted, it will probably be necessary to consider 
inter-floor traffic. Tests of various diversified-tenancy office-buildings show 
inter-floor traffic in the morning peak when filling the building to be 1 to 
4% of the passengers handled. In the noon peak period of buildings of this 
type, the inter-floor traffic may be from 3 to 8%. For special-purpose 
buildings the inter-floor traffic in the peaks varies widely, but seldom exceeds 
10% when filling the building, and may be from 5 to 15% at the luncheon peak. 

Special-purpose Buildings. Special-purpose office-buildings are those 
occupied by a single company or by several large concerns. The particular 
characteristic of these buildings is that salaried people form a large percentage 
of the population, who are compelled to start and stop work promptly at 
stated times. In the largest cities, for example, the usual starting time is 
9:00 A.M., and in some cases employees must record their arrival by a time- 
clock. The result of this condition is extremely high peaks of arrival, and 
it is not at all uncommon, in special-purpose buildings, for as much as one- 
third or even more of the population to arrive at the elevators between 8*55 
and 9:00 a.m. An example of this condition is a building entirely occupied 
by a life insurance company or by the offices of a railroad company. Numer¬ 
ous tests of buildings of this type have shown five-minute arrival peaks 
of one-quarter to one-third or more of the population. (See Fig. 2.) 



Fig. 2. Chart Showing Passengers carried Up by Elevators of a Large “Single- 
purpose” Building During Morning Peak Period. 

Note: Population of building is 3450 (occupied by a Life Insurance Company). 
Clerks start work in this building at 8:30 a.m. 

In order to reduce the number of elevators required, it has been arranged 
in some buildings of this type to divide the employees into groups which start 
and stop work at different times. Generally it is not desirable to base the ele¬ 
vators on any less requirement for traffic than that corresponding to a divi¬ 
sion of the employees into two nearly equal groups, differing at least twenty 
minutes in time of starting in the morning and stopping in the evening. 
Any division, of course, interferes to some extent with the efficiency of the 
business. While in some cases it has been necessary to divide into three 
groups, this is usually unsatisfactory. 

Special-purpose office-buildings are very apt to be provided with restau¬ 
rants or cafeterias, and the usual practice in the luncheon period is to 
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divide the employees into a number of groups, extending, in some cases, from 
11:00 a m. to after 2:00 p.m., and allowing from twenty to thirty minutes be¬ 
tween groups in order to permit the elevators to serve the luncheon group and 
also in consideration of the capacity of the restaurants or cafeterias. The 
location of restaurant or cafeteria must also be taken into account; if it is 
located on a floor above the second, the employees will frequently go to 
lunch from their offices by elevator, then back to the office, then down to the 
street and back to the office, so that the elevators have a great deal of traffic 
in the luncheon period. 

There is usually a considerable amount of inter-floor traffic in special- 
purpose buildings. This inter-floor traffic may have a considerable influence 
on the elevator requirements and greatly increases the number of stops made 
by the elevators. Generally, in special-purpose buildings, there is less 
traffic between peaks than in diversified-tenancy buildings, although this is 
not always the case. Sometimes there are offices in special-purpose buildings 
which a large number of people visit at certain times for some special purpose. 
In some cases, four or five large companies will entirely occupy an office¬ 
building, and the conditions of traffic will be quite similar to those existing 
when one company occupies the building. When this is the case, it is usually 
more difficult to divide into groups starting and stopping at different times. 
It will undoubtedly be found desirable in some special-purpose buildings to 
have the elevator-service supplemented by escalator-service for a certain 
number of the lower floors. In some types of special-purpose office-buildings, 
for example those occupied by the offices of utility companies, the morning 
peaks may run from one-fifth to one-seventh of the population in five minutes. 
In such buildings there are often different departments having different work¬ 
ing conditions, which tends to increase the spread of the traffic peaks. 

The Density of Population is based on the net rentable or usable area, 
which is the inside area of the building, less the space occupied by utilities 
and corridors. This working-area is usually from 65 to 75% of the gross area 
inside the walls of the building. In general, for diversified-tenancy office- 
buildings, the average density is one person per 100 sq ft of net area for 
buildings in the large cities. In smaller diversified-tenancy office-buildings 
the average is about one person per 110 to 125 sq ft of net area. In very 
large diversified-tenancy office-buildings the density on large floors is apt 
to run higher and may run from one person per 75 to one person per 90 sq ft 
net area. With these densities the peaks are higher and run from one-seventb 
to one-eighth of the population arriving in five minutes. 

In special-purpose buildings the density of population varies considerably, 
with a maximum of about one person per 50 sq ft net, running from this to one 
person per 80 or more sq ft net area. A table of densities for various types of 
occupancy is shown by Table I. 


Table I. Density of Population 


Type of occupancy 

Average density 
(sq ft per person) 

Open office space with two people at a desk. 

Private offices. 

Average small offices. 

Stenographers (separately grouped). 

File space. 

Clerks at large tables. 

Drafting-rooms, normal. 

Restaurants and cafeterias. 

Auditoriums and theaters (exclusive of platform area)... 

60 to 70 

100 to 125 

95 to 115 

50 to 60 

130 to 160 

40 to 50 

55 to 60 

8 to 12 

5 to 6 
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2. Types of Buildings Requiring Elevators 

Hotels. The elevator requirements of hotels vary considerably with the 
type of the hotel and particularly with the location of restaurants, assembly- 
rooms, etc. The large hotels, having a considerable amount of commercial 
trade, have the most severe requirements for elevator-service and the most 
definite requirements. Such hotels usually have a fixed checking-out 
hour at sometime from 6 to 7 p.m. This increases the peak of elevator 
service, and the evening peak is also heavy, owing to guest traffic, arrivals 
and departures, and special restaurant and assembly requirements. The 
conditions are most severe when the hotel is the headquarters of a con¬ 
vention, as there are then a maximum number of guests and also a great 
many visitors, particularly when special functions are held. The registra¬ 
tion or number of guests at a given time is, of course, dependent on the num¬ 
ber of single and double rooms and may generally, in busy seasons, be taken 
as an average of 1.2 to 1.4 persons per bedroom. During convention periods 
the average reaches as high as 1.8 persons per bedroom. The elevators must 
carry from 9 to 12% of the registered number of guests in five minutes with 
the traffic nearly equally divided between up and down, and in addition to 
this the traffic to and from banquets and other special functions must be 
handled. The traffic from banquets has a very high peak, often as much 
as one-third or more of the people attending coming to the elevators within 
five minutes. There is also apt to be heavy traffic in the hotel at about 
8:30 A.M. when the guests are going to breakfast. Account must be taken 
of the location and traffic of restaurants, cafeterias, roof-gardens, assembly- 
rooms, ball-rooms and other public rooms, the worst condition existing when 
there is a great amount of space in the upper part of the building where ban¬ 
quets or assemblies will be held, or where there is very heavy restaurant 
service. Basement service and the arrangement of the lower floors must 
also be taken into account. In some large hotels, for example, the lobby and 
office floor, with restaurants, is an entire floor, anywhere from twelve to twenty 
feet above the street level, and on the street level there are shops and other 
public rooms. A full floor below the street there may be grills and cafeterias 
of large size, so that in this case the elevators must stop on every trip at each 
of these floors when ascending and descending. Such an arrangement greatly 
reduces the handling capacity of the elevators for the ordinary guest-room 
traffic. 

Apartment-Houses. In large apartment-houses and apartment-hotels, 
the heaviest traffic is usually in the early evening about dinner-time, and the 
elevators may have to handle about 6 to 8% of the tenants in five minutes, 
both up and down. The requirements of apartment-houses vary consider¬ 
ably, depending on the type of occupancy, and may, particularly in the smaller 
apartment-houses, be less than the above. In certain types of apartment- 
houses there is a traffic peak when occupants are leaving in the morning. 
This is the case where a considerable number of people have to take certain 
trains. The occupants may also be working people who have to reach their 
business offices promptly, this having a tendency to increase the morning 
traffic peak. 

Department-Stores. The elevator requirements of department-stores 
vary considerably with the size of the store as well as with its height and par¬ 
ticularly with the character of the business done. 

Escalators. Those department-stores doing the largest volume of business 
and catering generally to a large percentage of the public, where the pur~ 
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chases are numerous and where there are many customers, have to be pro¬ 
vided witn a great amount of vertical transportation. To handle this 
traffic, escalators and elevators are necessary. Escalators are of great 
advantage in handling the basement and second-floor traffic, and in the 
larger stores they also handle the inter-floor traffic to a great extent throughout 
most of the building. They are also excellent for handling the additional 
traffic on heavy business days, particularly during the Christmas and the 
Spring shopping periods. (See Table II.) The amount of vertical trans- 


Table II. Capacity of Escalators 

Angle of inclination h usually 30° 


Width, ft 

Speed, 
ft per min 

Capacity, 
Passengers 
per hour 

2 

90 

4 000 

3 

90 

6 000 

4 

90 

8 000 


portation required in a department-store must be basrd on the number of 
customers in a given time. In large department-stores it has been found 
that an average of one passenger per hour to and from the ground-floor per 
25 to 35 sq ft of net sales area is the usual basis for traffic requirements. In 
some cases, however, it has been found that this runs to one person per 20 
sq ft or less, and in other cases to one person per 40 sq ft. For basement 
traffic one person per 6 to 10 sq ft of sales area per hour is a good basis. 
There will be a large amount of inter-floor traffic carried by the elevators 
and this must, of course, be taken into account in calculating their perform¬ 
ance. It is now usual in large department-stores to provide up and down 
escalator service for any where from 50 to 65% of the traffic, and the base¬ 
ments are best served by escalators only, stopping the elevators at the 
ground floor. 

Professional Buildings. It has become modern practice to provide pro¬ 
fessional buildings particularly for the use of doctors and dentists. In 
such buildings, the elevators must be based on the traffic of patients, who very 
often have friends accompanying them. When doctors arc receiving patients 
in regular office-hours they can, in some cases, handle as high as one patient 
in fifteen minutes. Dentists will handle patients on an average of between 
one-half hour and one hour. The conditions vary greatly in these professional 
buildings, but the elevators must generally handle at least one patient up 
and down per doctor, dentist or assistant in one-half hour, and in some build¬ 
ings the traffic is more than double this amount. 

Hospitals. The maximum traffic in hospitals is usually caused by the 
visitors, and the rules usually require visitors to come within a specified hour 
or two hours. The usual basis averages about one to two visitors per bed 
per hour. To this must be added the normal traffic of patients and doctors 
in attendance, and particularly the traffic to clinics, which is sometimes 
considerable. 

Schools and Colleges. The traffic requirements of comparatively high 
buildings used for schools and colleges are apt to be so severe that special 
arrangements of operation, such as having the elevators stop at every other 
floor or every third floor, must be resorted to. Generally a large number of 
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people must be carried in fifteen-minute periods between classes, and there is 
also very heavy traffic at arrival and departure and in the luncheon period. 
The requirements between classes are very difficult to determine, as they 
depend on the number of people who must change floors and the regulations 
requiring certain people to walk. 

3. Types and Capacities 

Capacity and Speed of Passenger Elevators. For office-buildings in gen¬ 
eral, the load capacity of passenger elevators varies from 2 500 to 3 500 lb, 
but 4 000 to 5 000-lb capacities arc used in some cases. The capacity to be 
selected depends on the interval that can be obtained; where the characteris¬ 
tics of the building are such that the interval with large cars is 20 to 25 
seconds in the morning peak, it is desirable to use these. While in 
some cases it is necessary to use elevators of less capacity than 2 500 lb, 
these cars are usually too small for office-building service. The rated 
speeds that should be selected depend of course on the rise. Considering 
modern office-buildings, which are usually 20 stories or more in height, 
the rated speeds of the passenger elevators should not be less than 600 ft 
per min with manual operation, or 700 ft per min with automatic opera¬ 
tion. For buildings 30 stories in height, the express elevators should operate 
at 800 ft per min and have automatic control. This speed is too high 
for satisfactory manual control. For 50-story buildings, elevator speeds 
of 1 000 ft per min are desirable for the high-rise express group, employing 
automatic control. For 75-story buildings, the automatic elevators 
which serve the upper part of the tower should be 1 200 ft per min. Ele¬ 
vators are safe, comfortable and efficient at 1 200 ft per min, the maximum 
acceleration and retardation being only a little more than for 600 to 700 ft 
per min. The elevator cars used in department-stores are usually from 
3 000 to 5 000-lb capacity, with a rated speed of from 400 to 500 ft per min. 
These cars generally make stops either at every floor, or at a very large 
percentage of the floors, so that higher speeds have little advantage. De¬ 
partment-store elevators usually have two-speed center-opening doors with 
a 5-ft, or more, opening. 

Size of cars. It is very desirable to employ cars having platforms 7 ft 
wide, and two of these cars will go into an 18 by 19-ft bay, which is about 
the most efficient length of bay for an office-building in consideration of 
division of rentable space. A car of this width permits the use of a 3-ft 
6 -in opening and single-leaf center-opening doors, which are the quickest 
operating and most efficient for power operation. There is also space 
to put the control panel at the side of the doors and on the front of the car, 
in which location it can be handled to best advantage by the operator. (See 
Fig. 3.) 

Platform-Area. The platform-area of passenger elevators should be pro¬ 
portioned on a definite basis in relation to the capacity. The following 
data give the loading per square foot and the net platform-size for various 
capacities. As the size of the car increases, the pounds per square foot also 
increase, owing to the fact that the passengers pack more closely into a 
large car. (See Fig. 4.) 

Grouping of Elevators. Generally in office-buildings the elevators should 
be arranged in groups of preferably not less than four, nor more than eight, 
except in very high buildings. Groups of six, three opposite three, are often 
used. For the high-rise express-elevators of a 70 to 75-story tower, the 
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group of elevators should not be less than eight. Elevators should be cen¬ 
tralized as far as possible in an office-building and should not be located 



Fig. 3. Typical Hatch for Signal-control Elevators 



Effective Area of Platform (Sq Et) 

Fig 4.* Chart Showing Passenger-elevator Carrying Capacity Corresponding to 
Effective Platform-area. 

Note: For passenger elevators having effective platform areas above 120 sq ft, 
the rated capacity shall not be less than 100 lb per sq ft. 

• Taken from “A Safety Code for Elevators.” 

so as to face on thoroughfare halls. The various groups of elevators are run 
to various heights in accordance with the requirements and the grouping that 
will give a satisfactory interval. Usually, a building 20 stories high will have 
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local and express elevators. Higher and larger buildings will usually 
have several groups of elevators. Duplication of service of certain floors 
by two or more groups is generally undesirable, but the usual practice is 
to provide a floor that is served in common by two groups so as to permit 
the passengers to change from one group to the other for inter-floor service. 
Elevators are sometimes operated without providing these change floors. 
In some special cases where a satisfactory interval cannot be obtained with 
two groups, unless an excessive number of elevators is employed, it is 
desirable to operate all the elevators as locals, even in buildings as high 
as 30 to 35 stories. While a few large buildings are provided with a group 
of elevators serving all floors to take care of inter-floor traffic, this is not 
economical as these elevators are not used to good advantage. In some 
special-purpose buildings it is frequently desirable to arrange elevators so 
that they may serve all floors between peaks, but dividing them into 
express and local groups during the peaks, morning, noon and evening. 

Types of Elevators. From an operating standpoint, elevators are divided 
into two classes, automatic and manual. It is evident that an automatic 
elevator can give the maximum amount of safe service. The most expert 
Operator cannot operate the car at any time as well as the automatic, and 
the operator cannot be depended upon to maintain high working efficiency. 
Considerable skill is required of operators who handle high-speed elevators, 
whereas the attendant who polices the car and regulates the closing of the 
doors for an automatic elevator needs no skill and has very little manual 
labor to perform. Automatic elevators for self-service which have no 
attendant in the car are used extensively for apartments and for private 
residences. While usually of slow speed, they may be safely and efficiently 
operated at high speeds. 

There are three types of automatic elevators. The first is called from 
a single button in each hallway and answers that particular call and is 
exclusively in the service of the people calling until they have completed their 
trip. This type of elevator gives privacy of service, but its handling capacity 
is reduced because it does not stop for waiting passengers on the floors it 
passes. Another type of push button elevator is that which is called by one 
of two buttons in each hallway for passengers to go up or down. In this 
case, the elevator usually operates to go to the furthest call in the trip where 
a button has been pressed and then travels in the opposite direction until 
all passengers have been discharged, stopping for any passengers who have 
pressed buttons in the halls at floors it will pass and for the direction in 
which it is moving. Still another type has up and down calling buttons 
in each hallway and makes a complete trip, answering all calls. Elevators 
of this type are used for automatic operation in office-buildings, the hall 
buttons being arranged to stop automatically the first car of a group that 
approaches the landing, in the required direction, from which the call has 
been sent. With elevators of this type there is an attendant in the car 
who initiates the closing of the doors after the passenger transfer at 
the landings has been completed. This attendant also polices the car, 
prevents crowding and also presses the car buttons in accordance with the 
instructions of passengers as to the floors at which they desire to alight. 
These car buttons, one for each floor served, may be momentarily pressed 
at any time after the passenger enters the car until the car has reached a 
point a sufficient distance from the stop to allow the elevators to slow down 
properly. With elevators of this type the car and hatchway doors are 
usually power operated and the elevators also level automatically at the land- 



Art. 3] 


Types and Capacities 


1499 


mgs so that the car floor is always practically level with the stationary floor 
while the passenger-transfer at the landing is taking place. This eliminates 
tripping hazard and increases the speed of movement of passengers into and 
out of the cars. 

Performance and Traffic-Handling Capacity of Elevators. In service, ele¬ 
vators have to run various distances from one floor, which may be from 10j^ 
to 12 ft or more to the entire run, which may be as high as from 75 to 100 
stories. Time must be allowed to accelerate and retard, at rates which the 
passengers can comfortably stand and which the apparatus can satisfactorily 
accomplish. Provision must be made for making satisfactory landings. 
In order to obtain the best results, the acceleration and retardation should 
be as nearly constant as possible, and the rate of change of acceleration 
and retardation when going from start into acceleration, from acceleration 
into practically constant speed, from constant speed to retardation, and 
from retardation to stop, should also be practically constant. High-speed 
elevators during the acceleration may average about ft per second per 
second, and may retard at an average of about ft per second per second. 
If this acceleration and retardation is smooth, it will not be uncomfortable 
for passengers. About of a second is usually sufficient for the periods 
when acceleration and retardation are changing, although a somewhat longer 
time is usually required to change from the constant accelerating period 
to constant full-speed running. 

In order to stop an elevator accurately, it must be brought to a very slow 
speed before the power is cut off and the brake applied. The minimum time 
for slowing down and stopping the elevator is obtained when the main con¬ 
troller functions with a high retardation, bringing the elevator close to the 
landing without delay, and the elevator is then automatically leveled while 
the doors are opening. This leveling should have a definitely limited slow 
speed and should operate within a definitely limited zone on either side of 
the landing. Full protection should be provided when leveling, by flush 
hatchway construction and aprons on the cars, which arrangements prevent 
passengers getting their feet caught. It is satisfactory to have higher rates 
of retardation than acceleration, as it has been found that the passengers are 
less sensitive to retardation. Having a certain definite elevator apparatus 
including the controlling devices, it is possible to determine how long it will 
take the elevator to run various distances including acceleration and retarda¬ 
tion. By the use of mathematics, and in conjunction with various traffic 
tests, it is possible to determine how many stops an elevator will be expected 
to make on the average in the peak periods, morning, luncheon and evening. 
When the number of probable stops is established, it may be assumed that 
the elevators will, in a typical peak service trip, make equal runs corre¬ 
sponding with the number of stops in the local zone, and run the express 
zone at full speed. In the morning peak it may be assumed that each ele¬ 
vator makes the down trip without intermediate stops, and in the evening 
peak makes the up trip without intermediate stops. During the luncheon 
peak there will be a considerable number of stops made in both directions. 
To the time required for the elevator to run the various distances, including 
acceleration and retardation, in a typical peak round trip, the time for making 
landings must be added, the time for operating doors and gates, and also 
the time required for passengers to enter and leave the car. Finally, an 
allowance must be made for contingencies and dispatching. Determining the 
typical round-trip time that is to be expected fixes the number of passengers 
that the elevator can handle in a given time, the stardard being a five-minute 
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period. Having determined from the characteristics of the building in con¬ 
nection with various traffic tests of similar buildings in similar locations, 
what the requirement in number of passengers handled in five minutes is for 
the arrival, departure and luncheon peak periods, the number of elevators 
of that particular kind, capacity and speed that will be required to give 
adequate service is determined. Twenty-five-hundred-pound capacity ele¬ 
vators of a given type, may, for example, serve in a diversified-tenancy 
office-building from about 15 000 to 35 000 sq ft of net rentable area. For 
buildings of different types the number of square feet served per elevator 
will vary greatly, even with the same load-capacity, and the load-capacity 
to be employed is dependent on the grouping and the interval. 

The determination of the number and grouping of elevators for a building 
requires the best judgment, based on experience and a great amount of exper¬ 
imental data. Also every possible effort should be made to obtain informa¬ 
tion that will fix, as definitely as possible, the service required, not only 
when the building is new, but throughout its expected life. There is no gen¬ 
eral rule or formula that is even reasonably satisfactory that can be applied 
to such determination. 

In order to give an idea of elevators in diversified-tenancy office-buildings, 
a list of such elevators, including grouping, speed, capacity, rise and number 
of floors served, is given in Table III. These data are from buildings, in 
large cities, that have been proved by a considerable period of service to 
have a reasonably adequate amount c r elevator service. (See Table III.) 

4. Elevator Apparatus 

Geared and Gearless Elevators. At the present time, practically all 
elevators are electric. A few hydraulic elevators, usually of the plunger 
type for short rises, are still occasionally employed. Electric elevators may 
be divided into two general classes, gearless and geared. The gearless 
elevator has the driving-sheave directly mounted on the armature-shaft. 
The elevator motor is of slow speed, usually from 60 to 125 revolutions per 
minute, and the speed of elevators for 1 : 1 roping is from 600 to 1 200 ft 
per min, and for 2 : 1 roping from 300 to 500 ft per min. Practically all 
electric elevators are of the traction type, which is much safer and better 
than the drum type and which is adaptable to buildings of any height. 
With this type of elevator the traction is relieved when either the car or 
counterweight bottoms, so that the driving-sheave may rotate without 
moving the elevator. This eliminates the danger of excessive strains obtained 
when drum machines accidentally overtravel. 

The higher-speed elevators generally employ double wrap with round 
grooves in the driving-sheave. With this type, the hoisting ropes pass 
once over the driving-sheave, then around an auxiliary sheave, and a second 
time over the driving-sheave. For elevators of medium and slow speeds 
single wrap is generally employed, in which the ropes pass only once over 
the driving-sheave, and it is necessary to provide grooves that will pinch 
the ropes to some extent in order to secure sufficient traction. The most 
satisfactory sheave of this type is one having round grooves which are under¬ 
cut so that the rope does not come into contact with the bottom of the 
groove. This type of groove prevents excessive wear of sheave and rope, 
insures that the sheaves will not wear eccentric, and that they will maintain 
a smooth contact surface if the apparatus is properly designed. “V” grooves 
have not been found satisfactory, as they wear rough and eccentric, because 
of excessive pressure between rope and sheave. 
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Geared elevators are generally of the worm-gear type, which is some¬ 
times supplemented by additional spur-gear reduction, and also by 2 : 1, 
3 :1, or even 4 : 1 roping. With 1 : 1 roping the speed of the car and the 
counterweight is the same as the speed of the driving-sheave at the pitch 
diameter; with 2 : 1 roping the speed of car and counterweight is one-half 
the speed of the sheave at the pitch diameter, etc. This speed reduction is 
obtained by the usual method of arranging sheaves and rope-hitches. With 
geared elevators the motors generally run at about 700 to 900 revolutions 
per minute. It is not generally desirable to run geared elevators above 
400 ft per min, and above 300 ft per min it is usually more satisfactory to 
use gearless elevators with 2 : 1 roping. The advantages of gcarless eleva¬ 
tors are the slow-speed motors and the absence of gears and thrust bearings. 
Geared elevators develop lost motion in the gears, owing to wear, with con¬ 
sequent rough operation. It is impossible to adjust satisfactorily for this 
wear, which gradually gets worse until the gears have to be renewed. For 
high-speed elevators there is also apt to be vibration from the gears that is 
felt unpleasantly in the cars. The thrust bearings also require considerable 
attention. 

Ropes. High-speed gearless elevators, with 1 : 1 roping, usually have 
six to eight ropes, depending on the load. A driving-sheave of 36-in diameter 
with %-in ropes and double wrap is frequently employed for these elevators. 
For 2 : 1 gearless elevators, five or six ropes are often used with 26-in to 30-in 
diameter driving-sheaves and J^-in or %-in ropes. For geared elevators 
of the usual capacities to J^-in ropes are used, generally varying in number 
from 3 to 8. 

The FACTOR OF SAFETY of the ropes used with traction elevators is high. 
(See Fig. 5.) For this reason, and because of the multiple ropes, the danger 



Fig. 5.* Factors of Safety for Hoisting and Counterweight Cables for Passenger 

Elevators 

Note: It is recommended that traction-machine passenger elevators use factors 
of safety 10% in excess of the values given in this curve to allow for wear on the cables. 

•Taken from “A Safety Code for Elevators/' 

of ropes parting and causing an elevator accident is so extremely small with 
traction elevators that there is practically no chance of such an accident 
occurring. Also, owing to the characteristics of the traction drive, there is 
practically no chance of pulling the ropes out of the fastenings if the fasten¬ 
ings are reasonably well made. Plenty of warning is given by broken wires, 
which will be evident by visual inspection, so that the ropes of an elevator 
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are changed some time before there is any danger. The standard hoisting 
cable is shown by A, Fig. 6. A specially designed traction.rope, known as 
the Seale type (see B, Fig. 6), is used where the conditions are severe. The 
larger wires in the outside strands provide more wear and are an advantage in 
increasing the life of cables under severe conditions. Wire ropes are usually 
laid up without preforming of wires of strands, but ropes are available with 
wires and strands preformed. Up to the present time, however, tests have 
not shown that commercial ropes that are preformed have any advantage 
over ropes of the usual type, and they are apt to have some disadvantages, 
one of these being that they stretch considerably after installation. Con¬ 
ditions vary so greatly that it is very difficult to give even general figures as 
to the life of ropes in ele¬ 
vator-service. 

Mechanical Safeties. 

Except for very slow 
speeds and short rises, all 
elevators are required to 
have MECHANICAL SAFE¬ 
TIES arranged to stop and 
hold the car on the guides 
in case of accidental over¬ 
speed or in case the ropes 
should part. These safe¬ 
ties are applied by a 

CENTRIFUGAL GOVERNOR, 

usually located at the top 
of the hoistway, which is driven by a loop of wire rope attached to a point 
on the car, the tension being taken up by a weight and floating sheave in 
the pit. When the speed for which the governor has been set is reached, it 
trips and applies friction jaws to the governor rope. This causes the re¬ 
leasing carrier, which is a friction device on the car, to be pulled out, and 
the further movement of the car applies the safety jaws to the rails under 
sufficient pressure to stop and hold the car. 

There are two principal types of these mechanical safeties. The first, 
known as the flexible guide clamp type, acts almost instantly at governor- 
tripping speed to apply the safety jaws to the guides by means of a wedge 
and roller device. The second, known as the wedge clamp type, applies 
the jaws to the guides by screw and toggle action and usually requires from 
four to eight feet travel of the car after governor-tripping speed is reached 
before sufficient pressure is applied to slow down the car. The flexible 
guide clamp type, as the name implies, applies flexible pressure by spring 
action while the safety is operating. This type, therefore, tends to prevent 
excessive retardations due to variations in rail joints and other variations. 
The wedge clamp type has only the elasticity of its parts, and with it the 
retardations obtained when the safety acts are sometimes higher than with 
the flexible guide clamp type. It also has the defect of requiring a consider¬ 
able movement of the car to apply it while the flexible guide clamp type 
requires only a few inches of movement to apply. 

For very slow-speed elevators a type of safety using a solid wedge and 
roller is sometimes employed. As this safety has very little elasticity, 
it stops the elevator almost instantly when applied, and it can therefore be 
used only for very slow speeds. 

Safeties are located under the car platform in a beam forming a part of 
the car sling. 



A Standard Hoisting Cable 



B. Special Traction Rope 


Fig. 6. Elevator Cable and Rope 






1504 


Elevator Service in Buildings 


[Chap. 27 


It is not only important that the mechanical safety should stop and hold 
the car in case of accident, but it must do so without high retardations that 
will be dangerous for passengers. In order to insure safe retardations, it is 
desirable to employ a device for anchoring the tension sheave in the pit over 
which the compensating ropes pass, so that it cannot move up but is free to 
move down. This device ties together the car and counterweight below, 
and as these are tied together above by the hoist ropes, the masses of the 
system are all linked together and must travel at the same speeds, no matter 
what the retardation. With this device the retardation is never much more 
than gravity, either when the mechanical safeties or the buffers are operating, 
while without it the retardation will probably be somewhat more than twice 
gravity when the mechanical safety operates with light loads in the car. 
Since this device prevents the car and counterweight from jumping, in case 
of retardation above gravity, due to safety or buffer operation, it is very 
desirable, as otherwise there will be excessive strains on fastenings and ropes, 
due to the dropping back of car or counterweight after jumping. Cars 
are provided with mechanical safeties in almost all cases, and counterweights 
should be provided with mechanical safeties when there is accessible space 
underneath the counterweight. 

Buffers. Oil buffers are usually provided for high-speed elevators, the 
car buffers being located in the pit and the counterweight buffers attached 
to the counterweight frame. The stroke of these buffers should be equal to, 
or greater than, the distance required to retard from governor-tripping speed 
to zero speed with gravity retardation. By employing a device which will 
apply the mechanical safety in case the elevator does not slow down properly 
when approaching the terminals, it is possible to reduce considerably the 
buffer-stroke from the above and still have a safe elevator. This device is 
particularly advantageous when there is but little space available underneath 
the elevator for the pit and also when the over-travel at the top must be 
reduced to a minimum. 

Spring buffers are used for the slower-speed elevators, but they are not 
as satisfactory as oil buffers and are not generally used beyond about 250 ft 
per min car speed. 

Counterweighting and Compensating. Traction elevators are counter- 
weighted so that the counterweight is heavier than the empty car by 40 to 
42j$% of the rated load which is the capacity of the elevator. With such 
counterweights, the average load of the elevator is nearly balanced and the 
maximum net load that must be lifted is from to 60 per cent of the rated 
load of the elevator. Except for short rises, the weight of the hoisting cables 
must be compensated by compensating cables attached to car and counter¬ 
weight and passing over a floating tension sheave with weight in the hoist¬ 
way pit. Or for some elevators, particularly of the slower speeds, chain 
compensation may be used, the chain usually being attached to car and 
counterweight and looping through the pit space or in some cases being fast¬ 
ened at the center of the hoistway and to the bottom of the car. Chains are 
noisier and less effective than ropes for compensating purposes. 

Elevator Motors. All gearless motors are of the multipolar direct-current 
type, provided either with shunt fields only, or with compound fields. These 
motors generally operate on a potential of 220 to 300 volts and have a rated 
speed of 60 to 125 revolutions per minute. The alternating-current motor 
is not adapted to gearless-elevator operation. Geared-elevator motors of 
the direct-current type are usually compound wound and run at speeds of 
600 to 900 revolutions per minute, with 800 revolutions per minute the usual 
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standard. These motors may have shunt-field control giving 2 : 1 or even 
3 : 1 speed variation. It is not usually desirable to provide more field varia¬ 
tion than the above because the motors are too sluggish and their kinetic 
energy becomes too great. 

Alternating-current motors are of the induction type, single speed for 
geared elevators up to 100 to 200 ft per min, and two speed for geared elevators 
up to 400 to 450 ft per min. The induction motors employed usually have 
squirrel-cage rotors, with winding having sufficient resistance to give suit¬ 
able starting torque characteristics. In some cases slip-ring motors are 
used, but these are generally not so dependable as squirrel-cage motors of a 
suitable design. The slip-ring motor requiring a polar rotor winding is usually 
noisier than the squirrel-cage motor and also usually has considerably more 
kinetic energy. Slip-ring rotors are particularly objectionable for two-speed 
motors. The slip-ring motor has the inherent objection that high currents 
may be obtained with low torque, which is not the case with squirrel-cage 
motors, unless a phase is open, in which case both types lose their torque. 
Alternating-current motors have the objection that the speed control must 
be obtained by changing the number of poles, either providing two separate 
windings with different numbers of poles or a single winding with connections 
arranged to change the pole number. The control of alternating-current 
motors in acceleration and retardation is not as good as that of direct-current 
motors. The alternating-current motors also have much more kinetic 
energy than direct-current motors, and the power consumption of elevators 
using alternating-current motors is generally from 1.5 to 3 times the power 
consumption of elevators having the same duty operated by direct-current 
motors. 

Voltage Control. By employing voltage control, it is possible to provide 
the same elevators, capable of the same performance, when the supply is 
alternating current as when it is direct current. With this type of control 
an individual generator is provided for each elevator, which is usually driven 
by an individual motor. Where the supply is direct current, the driving 
motor is of the compound type; where the supply is alternating current a 
high-efficiency squirrel-cage induction motor is used. The speed of these 
motor-generator sets is usually about 1 200 revolutions per minute, though 
sometimes higher or lower speeds are employed. For alternating-current 
supply, exciters must be provided. These are sometimes directly driven 
by the motor-generator sets and in other cases a single motor-generator set, 
supplying several elevators, is provided for excitation purposes. The exciter 
is used to provide direct current for field excitation and controller and brake 
operation. With voltage control the unit motor-generator runs at practically 
constant speed while the elevator is in service. The voltage of the generator, 
which provides voltage for the armature of the elevator motor, is regulated 
so that it is gradually increased during acceleration and reduced during 
retardation by varying the excitation of the individual generator field. This 
type of control is inherently smooth because, owing to the field induction, 
the armature voltage does not change very rapidly as the field excitation is 
changed. This control is also very accurate as it provides definite voltage 
control at all speeds and throughout the range of load, whereas with rheo¬ 
static control speed varies greatly with load, at the lower speeds. Elevators 
operated on voltage control perform equally well whether the supply is 
direct or alternating current, and the power consumption is no higher 
with alternating current and may, in fact, be lower if a device is used for 
reducing the excitation of the driving motor of the motor-generator set during 
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the time that the elevator is stopped at landings for the transfer of passengers. 
Voltage control is particularly adapted to the operation of high-speed ele¬ 
vators and high and medium-speed automatic elevators. 

Rheostatic Control. Rheostatic control may be employed both for direct 
and alternating-current elevator motors. With this type of control, direct- 
current motors are regulated in acceleration and retardation by series and 
parallel armature rheostats, and by field rheostats, and rheostats and pole¬ 
changing devices supply the regulation for alternating-current motors. This 
type of control is inherently less smooth than voltage control, because the 
current and the torque change very rapidly as the main current controller 
switches operate, and this results in shocks that are noticeable to passengers 
in the car. The acceleration and retardation are not nearly so constant with 
rheostatic control as with voltage control, and this is also unpleasant for 
passengers. Since at the lower speeds the elevator does not have constant 
speed regulation for different loads up and down, a rheostatically controlled 
elevator cannot be so accurately regulated and stopped, and there will be 
considerably more time lost in making landings with this type of control than 
with voltage control. 

Magnet Controllers. Magnet controllers, using magnet-operated switches 
and brakes either with direct-current or split or multiphase alternating-current 
magnets, are almost entirely used for elevator control. In some cases motor- 
operated controls are employed. Alternating-current magnets are always less 
satisfactory than direct-current magnets, particularly for operating brakes 
Direct-current brake magnets are controlled by series and parallel resistances 
without the use of dash pots. Alternating-current brake magnets use air 
or oil dash pots to regulate their application, and dash pots are usually used 
in connection with alternating-current magnet switches and alternating- 
current torque motors used for controller and brake operation. In many 
cases it is desirable to use direct-current magnets for elevator control when 
the supply is alternating current. Such magnets are always used with voltage 
control, and for rheostatic control it is often found desirable to use a small 
motor-generator set with direct-current supply for operating the control 
magnets and the brake. 

5. Operating Devices 

Operating Handle. Modern elevator-operating devices are generally of 
the flush type with operating handle extending about 3 in. This handle is 
arranged to be normally held by a spring in center position and in some cases 
has indications of the various operating positions. 

For manual operation, the lever is usually thrown to full-speed position, 
which is the limit of its travel, in order to start the car. It is held in this 
position while the car is running and until the elevator has reached the point 
where it is necessary to slow down in order to make a stop. The higher the 
speed of the elevator, the further will this point be from the landing. With 
manual operation, the operating lever is usually returned part way toward the 
stop position in order to slow down the car. When close to the landing it is 
returned to the stop position, when current is cut off and the brake applied. 
In case the resulting stop is not satisfactory, it is necessary to inch by moving 
the lever part way from the stop position and returning it to stop position. 

With automatic operation, the lever is thrown to the limit of its travel 
in order to start the doors to close. The doors close automatically and may 
be reversed by returning the lever to door-opening position. After the door is 
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closed and locked, the car starts and the elevator proceeds until acted upon 
by the automatic control so that it comes down to a slow speed within the 
leveling zone. The control is then automatically turned over to the defi¬ 
nitely limited slow-speed leveling control and the car levels, the doors being 
so synchronized that when the car is level they are opened just sufficiently 
for the passengers to enter or leave. In the automatic elevator-operating 
panel, there is a bank of push buttons, one for each floor, and the momentary 
pressure of these buttons, at any time before the car has reached the slowing- 
down point of the corresponding stop, insures that the car automatically 
makes the stop indicated by the button. 

Safety Switch. Both manual and automatic controls have a safety switch 
in the car for use in emergency, which, when opened, applies all the available 
electrically operated slowing-down and stopping devices and thus brings the 
elevator to a stop in case of failure of the normal controlling devices. Con¬ 
trolling panels are usually provided with a switch covered by glass with a 
hammer attached for breaking the glass in case of emergency. With the 
glass broken, the car may be operated independently of the door and gate 
interlocks. Self-leveling elevators are usually provided with switches 
which, when held in, will operate the car at slow speed and under the leveling 
control. This is advantageous for emergency and inspection contingencies. 
In some cases, a switch is provided in the controlling panel for reducing the 
running speed of the elevator. Automatic elevators have a switch in the 
controlling panel, which, when held in operating position, will eliminate the 
hall stops for that particular elevator, these stops, however, remaining in 
force until another elevator has answered them. This by-pass switch in the 
car is used principally when the cars are loaded to capacity, in which case 
they should not stop for passengers waiting in the hall, as they cannot accom¬ 
modate them. Upon taking the hand from the by-pass switch, it auto¬ 
matically returns to normal position and the car immediately assumes the 
hall stops again. With automatic elevators, a switch is provided in the 
control panel for reversing the elevator at any point in its travel. The usual 
reversal acts automatically at the terminal landings. 

Voltage-control elevators are usually provided with a key switch in the 
operating panel for starting and stopping the motor-generator set. An 
illuminated jewel is provided which shows that the motor-generator set is 
running. 

Both manual and automatic elevator-operating devices have the levers 
arranged so that they return to stop position in case the hand is removed. 
In some cases, the operating lever is provided with an additional device that 
operates an emergency switch in case the operator’s hand is removed from the 
operating lever. This is principally used in connection with automatic 
operation. 

Interlocks. Modern passenger elevators are provided with full interlocks 
so arranged that all hatchway doors must be closed and locked before the 
elevator can start, and the opening of any hatchway door will stop the ele¬ 
vator if it is running. Doors or gates on the cars are provided which have 
contacts so arranged that these doors or gates must be closed before the 
elevator can start. Opening of door and gate contacts will stop the elevator 
when it is running, except when it is automatically leveling and is within a 
zone a few inches either way from the landing. While elevators are some¬ 
times operated without proper interlocks, they cannot be considered reasona¬ 
bly safe. The statement has been made that interlocks on elevators reduce 
their traffic-handling capacity. This, however, is not the case if the elevators 
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are safely operated, because the only gain that can be made by eliminating 
interlocks is by operating the elevators under unsafe conditions with the 
doors open. Most elevator accidents are due to elevators operating without 
proper interlocks. 

Doors and Door-operating Devices. The most satisfactory doors for 
hatchway openings are hollow metal with flush outside surface. Sliding- 
doors are usually used for elevators, and these should be provided with 
suitable tracks and hangers. For high-speed operation, particularly with 
power, ball-bearing sheave-hangers should be employed, substantially built 
and rigidly attached to the doors. The hangers should be arranged to allow 
a little flexibility perpendicular to the direction of motion of the doors, 
with a minimum of lost motion between tracks and hangers. Adjustable 
sheaves should be provided below the tracks in order to take up lost 
motion. The sheaves should be hardened and ground, and the track should 
be straight and carefully machined and must be substantially supported. 
The doors should be guided at the bottom by shoes, operating in carefully 
machined sill slots so arranged that they will be self-cleaning, the dirt falling 
out through the bottom of the slot into pockets arranged so that they can be 
readily cleaned. 

For passenger elevators in office-buildings, a door-opening 3 ft 6 in wide is 
most satisfactory. This opening will allow two people to pass abreast. Any 
smaller opening will interfere with the passenger transfer at landings, and 
a larger opening is not desirable because the doors become too heavy and take 
too long to operate. Openings of 5 ft or more are used for department-stores 
where a large number of people transfer at a large percentage of the landings. 
Such doors are generally power operated. 

For manually operated elevators, it is generally the practice to provide 
gates on the car. Automatic elevators are usually provided with solid flush 
doors on the cars which operate in unison with the hatchway doors. These 
are safer, quieter and more substantial than gates. With automatic eleva¬ 
tors it is not necessary or even desirable that the operator should be able to 
look out of the car, except when it is at landings. With manual operation, 
the operator must have good visibility out of the car in order to make even 
reasonably satisfactory stops. Even with this visibility, the speed of the 
elevator is limited to 600 to 700 ft per min, as the operator cannot successfully 
gauge the position of the car in relation to the floors, or read the floor numbers, 
if the rated speed of the elevator is higher. 

For power operation, center-parting doors are preferable to two-spfed 
doors if the car is sufficiently wide to permit 3 ft 6 in of opening and single-leaf 
doors. The so-called two-speed door, in which one panel moves at twice the 
speed of the other panel, has 2.5 times the kinetic energy of the center-parting 
door, with the same opening and the same time of door opening or closing. 
The center-parting doors are therefore safer, faster operating and require less 
maintenance than two-speed doors. They are particularly adapted to power 
operation. For hand operation, the two-speed door is usually as good as, or 
better than, the center-parting door. 

Power door-operating devices have generally been pneumatically operated, 
but electric operators are now extensively used. Pneumatic operators 
have separate engines for every door, which means that they may require 
considerable attention and frequently cause shut-downs in service periods. 
Inspection is likely to be neglected because of overtime required. The trav¬ 
eling hose necessary for operating the car door or gate is also objectionable. 
Electric operators with a single motor and engine for operating the car 
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and all the hatchway doors of an elevator are very satisfactory. They require 
a minimum of attention and are not likely to cause shut-downs. Very little 
maintenance and inspection are required. It is decidedly advantageous to 
have power door-operators close by spring action and not by power in order 
to guard against injury from passengers accidentally being struck by a closing 
door. 

6. Cost of Elevator Service 

The Cost of Elevator Service must be computed for each individual case: 
it includes not only the item for power consumption but the cost for operators, 
maintenance and insurance charges, interest and amortization, and also con¬ 
sideration of the number of elevators required to give a satisfactory amount 
of service, and the space occupied by these elevators. Where the service is 
intensive, it will be found that the cost of elevator-service, if all charges are 
taken into account and consideration given to the space saved, will be less 
with equipment that gives more service per unit, although the first cost of the 
elevators complete may be higher for the better equipment. Under favorable 
conditions, the cost of an automatic-elevator plant will be but little more 
than when manually operated elevators are used, because more elevators of 
the latter type will be required to give an equal amount of service to the 
former. In many cases it will be found practically impossible to obtain 
a satisfactory amount of rental space without the use of automatic elevators. 
The quality of automatic-elevator service is superior, which not only helps 
to keep the building rented but which also increases the rental value of the 
space. The use of automatic elevators therefore means a saving in the actual 
cost of the elevator-service. 

7. Construction and Design of Elevator-Cabs 

The design of elevator-cabs varies considerably for different conditions 
and in accordance with different tastes. In the modern buildings it is usual 
to select a style of design for the main floor hallways and to have the cabs 
correspond to this. Metal cabs are frequently used with baked enamel 
or lacquer finish. Hardwood cabs are used to a considerable extent for 
passenger elevators in high-class buildings. A combination of metal and 
wood is also often used. It is generally desirable to have the sides of the 
cab flush, and sanitary corners are used to some extent. The sides and backs 
of the cabs are usually provided with brass hand-rails. This is convenient 
for passengers and protects the finish. 

The ventilation of cabs is important and it is usual to supply adjustable 
louvers in connection with openings near the bottom of the sides and back, 
and a grille around the top, generally of bronze or wood. It is also desirable 
to have fans in the top of the cab, or above it, for ventilating the car. 

It is becoming common practice to provide floor indicators of the illu¬ 
minated type in elevator cars to show the position of the car in the hatchway 
and the floors at which it is stopping. These are convenient for passengers 
and avoid mistakes and delays. 

8. Signal Systems 

Automatic signal-control elevators have no operator’s signal in the car. 
The floor indicator shows the operator and the passengers the location of the 
car. With manually operated elevators flash signals are used for pas¬ 
senger elevators to notify the operator that a stop must be made. When 
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cars are dose together, the signal to stop will be received by two or more 
cars and all these cars may stop, resulting in unnecessary delay, or the operator 
may neglect to stop, expecting another car to answer the call. Some separate 
signal systems have an automatic transfer which keeps the signal set until a 
car has stopped for the waiting passenger. Automatic signal-control ele¬ 
vators insure that the first car will stop that can accommodate the waiting 
passenger, and the signal always remains in force until a car has stopped to 
collect waiting passengers. 

Light and drop annunciators are used for manually operated elevators 
where the service is not very busy. They are also used in some cars provided 
for night and Sunday service so as to make it unnecessary for the elevator to 
make a full trip. 

Lanterns are generally provided over each hatchway door with different 
colored lamps for up and down indication. At the ground floor a single 
lantern is usually provided. These lanterns are lighted to indicate the ap¬ 
proach of a car that is going to stop. Tap bells, sounding as the lantern 
lights, have been found advantageous in calling attention of the waiting pas¬ 
sengers so that they will be ready to enter the car without delay when the 
doors open. All lanterns should give fairly strong illumination so as to call 
the attention of passengers promptly to the approaching car. With auto¬ 
matic signal-control it is always certain that when a hall lantern lights, the 
corresponding car will stop. 

In some cases mechanical floor indicators are used, particularly at the 
ground floor and sometimes at other landings, to indicate the location of the 
car. For busy elevators with several elevators in the group this is not the 
usual practice at the present time, even for the ground floor. A wall panel 
is usually provided which indicates the position of all elevators by illuminated 
signals, for the information of the starter. Frequently there is provided in 
this panel, for each group of elevators, a row of up and down signals, one 
pair for each floor, which indicate the floors at which passengers are waiting; 
thus informing the starter of the condition of the service. In this panel, 
push buttons are also usually provided by means of which the starter can 
signal the operator with a buzzer in the car. In some cases telephones are 
also provided in each of the cars, at the starter’s location, in the pent-houses, 
and sometimes in the superintendent’s office. 

9. Dispatching Devices 

Automatic Dispatching Devices are frequently installed in busy office 
buildings. These devices automatically give a signal to the operator at the 
terminal landings to indicate when a car should leave. They are given at 
regular intervals in consideration of the service conditions, and the dispatch¬ 
ing device is arranged so that these intervals may be adjusted. The type of 
dispatching device that gives signals for cars to leave the terminals without 
regard to their position in the group has the advantage that it gives a maxi¬ 
mum traffic-handling capacity, because the whole system is not held up if one 
car is delayed. It also permits any car to be taken out of service without inter¬ 
fering with the operation of the scheduling device. There is also an advan¬ 
tage in providing the scheduling device with an arrangement which causes 
it to delay when there is no car at the landing to receive the signal, that is, 
In case the interval has been set too short. After the car arrives, a sufficient 
time is allowed to load and then it is immediately dispatched, the scheduling 
device afterward proceeding at the regular speed of operation. 
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CHAPTER XXVIII 

SPECIFICATIONS * FOR THE STRUCTURAL STEEL¬ 
WORK OF BUILDINGS. DATA ON 
STRUCTURAL STEEL 

By 

ROBINS FLEMING 

OF THE AMERICAN BRIDGE COMPANY, NEW YORK, N. Y. 

1. General 

(1) Drawings. The drawings forming a part of these specifications are 
[give number, maker, title, and date of each drawing]. 

(2) Classification. For the purpose of classification buildings are divided 
into two classes: 

I. Mill-Buildings 
II. Office-Buildings 

Under Class I are included manufacturing plants, machine-shops, power¬ 
houses, rolling-mills, foundries, forge-shops, pattern and template-shops, train- 
sheds, pier-sheds, car-barns, roundhouses, electric-light stations, armories, and 
buildings of a similar character. 

Under Class II are included office-buildings, hotels, apartment-houses, 
dwellings, public buildings (hospitals, libraries, schools, court-houses, jails), 
places of public assembly (churches, theaters, halls), stores, warehouses, 
garages, and buildings of a similar character. 

(3) Scope of Work. It is intended that these specifications and drawings 
cover the structural steelwork complete for the building. Cast-iron bases are 
included with the structural steel. The stecl-crector shall erect in place the 
steel framework on foundations furnished by others. Anchor-bolts, loose 
lintels, and material not connected with main frame of structure, are to be 
delivered at the site, but put in place by other contractors. 

(4) Materials to be Furnished for Buildings of Class I. Unless specified 
otherwise in contract, the materials to be furnished for buildings of Class I 
include steel trusses, columns, purlins, bracing, floor-framing, crane-girders 
with rails, trolley-beams, lintels, girts, framing around door and window- 
openings, beams supporting tanks, elevator-framing, stair-framing, floor- 
plates, bunker-framing and steel lining, stairs and railings unless of an orna¬ 
mental character, cast-iron bases, grillage-beams, and anchor-bolts. 

The materials not furnished include ornamental ironwork and steelwork, 
masons’ anchors, carpenters’ anchors and irons, elevator sheave-beams, 
switches for trolley-beams, steel stacks, steel tanks, and steel reinforcement 
for concrete. 

•The various values used in these Specifications agree generally with those used 
throughout the book. Any slight variations in values are due to recognised and allowable 
differences in engineering judgment, differences in Building Codes, etc. 
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(5) Materials to be Furnished for Buildings of Class n. Unless specified 
otherwise in contract, the materials to be furnished for buildings of Class 
II include steel columns, cast-iron bases, rolled and cast-steel slabs, grillage- 
beams, anchor-bolts, floor-framing, roof and ceiling-framing, purlins, cornice- 
supports, supports for tanks, penthouse framing, bracing, and lintels. 

The materials not furnished include ornamental ironwork and steelwork, 
masons’ anchors, terra-cotta anchors, carpenters’ anchors and irons, stair- 
work, elevator-framing, elevator sheave-beams, steel stacks, steel tanks, 
light shapes supporting metal ceiling-lath, cast-iron sills and similar work, 
and steel reinforcement for concrete. 

(6) Rivets and bolts for fastening steel to steel (but not for connecting the 
work of other trades) shall be furnished by the steel-contractor. Fitting-up 
bolts for erection are to be furnished by the contractor for erection as a part 
of his equipment. 

(7) As soon as possible a column-footing plan shall be sent to the pur¬ 
chaser, showing the location, elevation, and dimensions of all column-bases, 
with the location, elevation, size, and length of all anchor-bolts. The loads 
coming upon the column-footings from the columns shall also be given. 

(8) Crane-clearance diagrams showing the clearances assumed for 
traveling cranes shall be furnished the purchaser at an early date. 

(9) Substitution of Material. If the contractor wishes to substitute other 
shapes or sizes for those called for on the drawings he may do so, subject to 
the approval of the engineer, provided the architectural features are main¬ 
tained and proposed sections are sufficient to carry the required loads. 

(10) Work of Other Trades. Holes conforming to the usual standards of 
fabrication shall be punched in the steel for attaching the work of other trades, 
provided their location is given while the working drawings are being made. 

(11) Working Drawings. Working or shop drawings shall be made by 
the steel-contractor, and when requested, prints in duplicate sent to the pur¬ 
chaser or his engineer for approval. The engineer’s approval of drawings shall 
cover general design, strength and type of details. The engineer shall not be 
held responsible for the fit of work at the site. If, to expedite delivery, or for 
any other reason, he waives the approval of drawings, the contractor will not 
be relieved of responsibility for errors or omissions due to neglect or oversight 
on his (the contractor’s) part. 

(12) All work shall conform to local or state ordinances and regulations. 


2. Material 41 

(13) Properties and Tests. All parts of the metallic structure shall be of 
rolled steel, except column-bases, bearing plates, or minor details, which 
may be of cast iron or cast steel. 

(14) Structural steel may be made by either the Bessemer process or the 
open-hearth process; except that rivet-steel, and steel for plates or angles 
over in in thickness which are to be punched, shall be made by the open- 
hearth process. 

* The requirements for material are taken, by permission, from the following Standard 
Specifications of the American Society for Testing Materials, Philadelphia, Pa.: Standard 
Specifications for Structural Steel for Buildings (A9-29), Standard Specifications for 
Gray Iron Castings (A48-29), and Standard Specifications for Steel Castings (A27-24). 
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(15) Structural steel, if made by the Bessemer process, shall contain not 
more than 0.10%; and if by the open-hearth process, not more than 0.06% 
of phosphorus. Rivet-steel shall not contain more than 0.06% of phosphorus 
nor more than 0.045% of sulphur. 

(16) Structural steel shall have an ultimate tensile strength of from 
55 000 to 65 000 lb, and rivet-steel from 46 000 to 56 000 lb per sq in of cross- 
section. The minimum yield-point as determined by the drop of the beam 
of the testing-machine shall be one half of the ultimate tensile strength. 

(17) The minimum percentage or elongation in 8 in shall be 1 400 000 

divided by the ultimate tensile strength. For structural steel over in in 
thickness, a deduction of 0.25 from the above percentage of elongation in 
8 in shall be made for each increase of in thickness above in, to a 

minimum of 18%. For structural steel under g in in thickness, a deduction 
of 1.25 from the above percentage of elongation shall be made for each decrease 
of }/$2 in in thickness below Jqg in. 

(18) Test-specimens for plates, shapes, and bars shall bend cold through 
180° without cracking on the outside of the bent portion, as follows: For 
material % in or under in thickness, flat on itself; for material over in, 
to and including lJ4 in in thickness, around a pin the diameter of which is 
equal to the thickness of the specimen; and for material over lj<£ in in thick¬ 
ness, around a pin the diameter of which is equal to twice the thickness of the 
specimen. The test-specimen for rivet-steel shall bena cold through 180°, 
flat on itself, without cracking on the outside of the bent portion. 

(19) Iron castings shall be of tough gray iron, true to pattern, free from 
cracks, flaws, and excessive shrinkage. The sulphur-contents shall be not 
over 0.08% for light castings, 0.10% for medium castings, and 0.12% for 
heavy castings. 

A test-bar 1.2 in in diameter and 18 in long, placed upon supports 12 in 
apart and tested under a centrally applied load, shall conform to the following 
requirements: 

Minimum applied load, 1 500 lb for light, 1 750 lb for medium, and 
2 000 lb for heavy castings; 

Minimum deflection at center, 0.20 in. 

Light castings shall be able to withstand an ultimate tension of 18 000, 
medium castings 21 000, and heavy castings 24 000 lb per sq in. Castings 
having any section less than Vi i n thick shall be known as light castings. 
Castings in which no section is less than 2 in thick shall be known as heavy 
castings. Medium castings are those not included in the above classification. 

(20) Steel castings for ordinary use, not annealed, shall contain not more 
than 0.45% of carbon, nor more than 0.06% of phosphorus. They shall sub¬ 
stantially conform to the sizes and shapes of the patterns, be made in a work¬ 
manlike manner, and be free from injurious defects. 


3. Loads 

(21) Roof-Loads. Roof-trusses and columns shall be designed to carry 
a uniform load per square foot of exposed roof-surface, applied vertically. This 
load includes the weight of the structure, the snow, and the wind. For spans 
up to and including 90 ft, and in climates corresponding to that of New York, 
the total minimum uniform load in pounds per square foot of roof-surface for 
different kinds of covering shall be taken as follows: 
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lb per 
sqft 


Corrugated metal. ... 40 

Gravel or composition on wood sheathing. . 50 

Slate on boards. . 50 

Tile on steel purlins. . 55 

Gravel or composition on cinder concrete. .... 65 

Gravel or composition on stone concrete . . . .75 

Slate or tile on cinder concrete. ... 70 

Slate or tile on stone concrete. ... 80 

Fire-proof buildings of Class II, where slope is less than 2 in per ft. ... 90 


(22) For roof-spans over 90 ft, the above-cited loads shall be increased 1% 
for every 2-ft increase of span. 

(23) For roofs in climates where snow is excessive, from 5 to 10 lb per sq ft 
shall be added, and in climates where there is not liable to be snow, 10 lb per 
sq ft may be deducted from the foregoing loads. 

(24) If a ceiling is carried by the roof-framing, the ceiling-load shall be 
assumed at not less than 10 lb per sq ft. 

(25) If shafting is carried by the bottom chord, the load at the shaft shall 
be assumed at not less than 2 000 lb for light shafting, 4 000 lb for ordinary 
shafting, and 6 000 lb for heavy shafting. Unless the shafting is definitely 
located these loads shall be considered as liable to be concentrated at any 
point of the bottom chord. 

(26) In designing purlins carrying roof-covering only, the loads in Para¬ 
graphs (21) and (23) may be decreased 5 lb and considered normal to the roof. 
When the pitch of the roof is more than from 2^ in to 1 ft, tie-rods shall 
be used between the purlins. 

(27) Special loadings, such as tanks or elevator-supports above the roof, 
and hoists or trolleys on the bottom chord, shall be taken into consideration. 

(28) Flat roofs used as places of public assembly or for storage-purposes 
shall be considered as floors. 


(29) Floor Loads. Floor loads consist of dead loads and live loads. The 
dead load is composed of the weight of the floor-construction and of any per¬ 
manent wall resting upon it. In designing floor-beams and girders for fire¬ 
proof construction the dead load shall be assumed at not less than 70 lb per 
sq ft. Partitions of wooden studding or of hollow tile, not more than 4 in 
thick, may be considered as part of the live load. 

(30) Unless governed by a local or state building code, buildings of Class I 
shall be designed for minimum: live loads, ; n pounds per square foot of flooi- 
area, as follows: 

lb per 
sq ft 

Mold-lofts, pattern and template-shops. 60 

Machine-shops, light machinery. 120 

Machine-shops, heavy machinery. .... 150 to 200 

Factories. . .150 to 200 

Foundries, charging-floor. .300 to 800 

Power-houses. 200 


(31) Buildings for special industries shall be designed for the loadings 
incident to those industries. 
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(32) Provision shall be made for the support of machinery, engines, 
boilers, tanks, and other concentrated loads, when carried by the steel con* 
struction. 

(33) Crane-Loads. Loads due to electric traveling cranes shall be 
increased 25% to provide for the effects of impact. For hand-power cranes the 
impact may be taken at 10%. For two cranes in action on the same girder, no 
impact need be added, provided the stress obtained is larger than the stress 
due to a single crane with impact. In addition to the vertical loads the top 
flanges of crane-girders shall be designed to resist a transverse horizontal 
thrust on each carriage, applied at the wheels, of 10% of the lifting capacity 
of the crane. The breaking-force due to stopping the crane shall be assumed 
at 20% of each wheel-load and may be considered as distributing itself along 
the entire length of the runway. 

(34) Coal-Bunkers. Coal-bunkers shall be assumed to be surcharged 
when it is possible for them to be so loaded. The weight of anthracite coal 
shall be taken at not less than 55 lb per cu ft, and the angle of repose assumed 
to be 30°. The weight of bituminous coal shall be taken at not less than 
50 lb per cu ft, and the angle of repose assumed to be 35°. 

(35) Buildings of Class II shall be designed for minimum live loads, in 


pounds per square foot of floor-area as follows: 

lb per 
sq ft 

Dwellings (private residences), first floor. 40 

Dwellings (private residences;, upper floors. 30 

Apartment-houses, first floor. 50 

Apartment-houses, upper floors. 40 

Hotels, first floor. 80 

Hotels, upper floors. 40 

Office-buildings, first floor. 100 

Office-buildings, upper floors. 50 

School-buildings, class-rooms. 50 

School-buildings, assembly-rooms. 75 

Churches and theaters. . 75 

Places of public assembly, where floors arc used for drilling or dancing.. 120 

Places of public assembly, where floors are not used for drilling or dancing 100 

Retail stores, oidinary. 100 

Warehouses . .... 200 to 500 

Private garages, pleasure vehicles only. 60 

Public garages, pleasure vehicles only. 90 

Garages, motor trucks, from 1 to 3 tons capacity. 150 

Garages, motor trucks, from 3j^ to 5 tons capacity. 200 


(36) Concentrated loads shall be taken into consideration. Every steel 
beam in any floor used for business purposes shall be capable of sustaining a 
live load, concentrated at the middle, of not less than 3 000 lb. Every steel 
beam in the floor of a garage shall be capable of sustaining a concentrated live 
load of 2 000 lb, if a private garage storing pleasure vehicles only; of 3 000 lb, 
if a public garage storing pleasure vehicles only; of 8 000 lb, if motor trucks 
of from 1 to 3 tons capacity are stored; and of 12 000 lb, if motor trucks of 
from 3j^ to 5 tons capacity are stored. Structural members carrying elevators 
and elevator-machinery shall be proportioned to carry twice the actual moving 
dead and live loads. 
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(37) Reduction of Live Load. The full live floor load shall be used in 
proportioning all parts of buildings designed for warehouses, and such buildings 
as are likely to be loaded on all floors at the same time. In other buildings the 
specified live load may be reduced 10% for girders carrying 200 sq ft or more of 
floor. For columns the load on the top floor may be assumed at 90% of the 
specified live load, the live load on the floor next below the top floor at 85%, 
and on each succeeding lower floor at correspondingly decreasing percentages, 
provided that on no floor shall less than 50% of the specified live load be used, 
and that for the lower floor the full specified live load shall be used. No re¬ 
duction shall be made for any roof load. 

(38) In calculating column loads no reduction of floor-area shall be made 
for stair-wells. Stairways shall be proportioned for not less than 75 lb per 
sq ft of horizontal projection. 

(39) Wind-Pressure. Wind shall be assumed blowing horizontally in any 
direction. The surface exposed to wind-pressure shall be measured vertically 
from the ground to the top of the structure, including the roof. 

(40) When the overturning moment due to wind-pressure exceeds 75% 
of the moment of stability the structure shall be securely anchored. 

(41) All steel buildings shall be designed to carry wind-pressure to the 
ground by steel framework. For buildings belonging to Class I the wind- 
pressure shall be assumed at not less than 15 lb per sq ft on the side or end 
surface and the normal pressure on the roof corresponding to a horizontal 
pressure of 20 lb per sq ft wind blowing horizontally. 

(42) The steel framework of fire-proof buildings belonging to Class II 
shall be designed to resist a wind-pressure of not less than 20 lb per sq ft on 
the sides, and the corresponding normal pressure on the roof for heights 
up to 300 ft. For heights greater than 300 ft 2 lb shall be added for each 
100 ft or fraction thereof on the portion above the 300-ft level. 

(43) The normal pressure, P n , in pounds per square foot, on a surface 
inclined 0 degrees to the horizontal for a horizontal wind-pressure, P, of 
20 lb per sq ft, according to the Duciiemin Formula, 


is as follows: 


r» -r% 


2 sin d 


1 -f sin 2 0 


6 

Pn 

lb per sq ft 

Slope 

e 

Pn 

lb per sq ft 

5° 

3 46 

1 in to 1 ft 

4° 45' 49" 

3.30 

10° 

6 76 

2 in to 1 ft 

9° 27' 45" 

6 39 

15° 

9 63 

3 in to 1 ft 

14° 2' 10" 

9 14 

20° 

12 25 

4 m to 1 ft 

18° 26' 6" 

11.50 

25° 

14 35 

5 in to 1 ft 

22° 37' 12" 

13 42 

30° 


6 in to 1 ft 

26° 33' 54" 

14.88 

35° 

17 28 

7 in to 1 ft 

30° 15' 24" 

16 06 

40° 

18 20 

8 in to 1 ft 

33° 41' 25" 

16.95 

45° 

18 88 




45° to 90° 






For a pressure other than 20 lb per sq ft these values are to be changed pro¬ 
portionately. 
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Only the excess of the wind-stresses, determined by the data of this para¬ 
graph, over the wind-stresses according to Paragraph (21), need be considered. 
In arriving at this excess, the wind included in the total uniform roof-loads 
designated in Paragraph (21), shall be assumed at 5 lb per sq ft for slopes 
of 3 in per ft and less, and 10 lb for slopes more than 3 in per ft. 

(44) Circular steel chimneys and tanks shall be designed to resist a 
wind-pressure of not less than 20 lb per sq ft on the projected area, that is, 
the diameter multiplied by the height. 

(45) Sky-signs on tops of buildings shall be designed to withstand a wind- 
pressure of not less than 30 lb per sq ft of surface. 


4. Stresses 

(46) Working Stresses. In proportioning structural steel for stresses due 
to the combined dead and live loads together with impact, the working 
stresses in pounds per square inch of sectional area shall be not more than 


the following: 

lb per 
sq in 

Tension, net section, rolled steel. 18 000 

Direct compression, rolled steel and steel castings. 18 000 

Bending on extreme fibers of rolled shapes, built sections, girders, and 

steel castings, net section. . 18 000 

Bending, on extreme fibers of pins. . 27 000 

Shear, on power-driven rivets and pins . 13 500 

Shear, on hand-driven rivets. .. . . 10 000 

Shear, on unfinished bolts. 9 000 

Shear, average, on webs of plate girders and rolled beams, gross section 12 000 

Bearing pressure, on power-driven rivets and pins. 27 000 

Bearing, on hand-driven rivets. 20 000 

Bearing, on unfinished bolts. . 18 000 

Tension, in rivets. 12 000 

Tension, in field-bolts (not anchor-bolts). 12 000 

Axial compression, on gross section of columns and struts ... 18 000-70//r 

where / is the effective length of the member, in inches, and r is 
the least radius of gyration of section, in inches, with a maxi¬ 
mum of. 14000 


(47) For combined stresses due to wind and other loads the unit stresses 
in Paragraph (46) may be increased 33 V$% except for Paragraph (44), pro¬ 
vided the section thus obtained is not less than that required if wind-forces 
are neglected. 

(48) When the laterally unsupported length, l, of the compression-flange of 
beams and girders exceeds 12 times its width, b, the unit stress in the 
compression-flange, shall not exceed 19 000-250//5. 

(49) Countersunk rivets in plates of thickness equal to or greater than 
one half the diameter of rivet shall be assumed to have three fourths the value 
of rivets with full heads. In plates of thickness less than one half the diameter 
of rivet their values shall be taken as three eighths that of full-headed rivets. 
Rivets with flattened heads of height not less than % in, or one half 
the diameter of the rivet for rivets and less, may be assumed to have 
the value of corresponding rivets with full heads. Rivets with heads flattened 
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to less than these heights shall have countersunk holes and be regarded as 
countersunk rivets. 

(50) The allowable pressure of column-bases and bearing-plates on 
masonry shall not exceed, in pounds per square inch, the following. 


per lb 
sqin 

On brickwork, cement mortar. 250 

On brickwork, lime mortar. 150 

On Portland-cement concrete, 1:2:4 mixture. 600 

On Portland-cement concrete, 1 : 3 : 5 mixture. 400 

On rubble masonry, cement mortar .. 250 

On rubble masonry, lime mortar. 120 

On first-class dimension sandstone. ... 400 

On first-class limestone. 500 

On first-class granite. 600 


5. Design 

(51) General Design-Requirements. Trusses shall be riveted struc¬ 
tures. Tension-members as well as compression-members shall be com¬ 
posed of rolled shapes or built-up sections. Flat bars with riveted ends shall 
not be used. 

(52) In calculating tension-members, net sections shall be used. The 
diameters of rivet-holes shall be assumed to be in larger than the nominal 
size of the rivet. In single angles connected by one leg, the net area of the 
connected leg and one half that of the outstanding leg shall be considered 
effective. 

(53) The nominal sizes of rivets shall be used in calculations of their 
values. 

(54) In proportioning columns provision shall be made for eccentric 
loading. 

(55) Columns and struts with direct loads of 40 000 lb or less, when 
spliced, shall have the entire load transmitted through splice-plates. 

(56) Column-splices shall be designed to resist the bending-stresses, and to 
make the columns practically continuous for their whole length. 

(57) Members subject to reversal of stress from moving loads shall be 
proportioned for the stress requiring the larger section, but their connections 
shall be proportioned for the larger stress plus one half the smaller. 

(58) The EFFECTIVE LENGTH OF MAIN COMPRESSION-MEMBERS shall not 
exceed 120 times their least radius of gyration, and for secondary members 
160 times their least radius of gyration. Any portion of the cross-section 
of a compression-member may be neglected in computing the radius oi 
gyration, provided that portion is neglected in the design of the member. . 

(59) Wheel-loads of cranes shall be assumed to be distributed on the top 
flanges of runway girders over a distance equal to the depth of the girder, with 
a maximum of 30 in. 

(60) Plate girders shall be proportioned either by the moment of inertia 
of their net section, or upon the assumption that the bending-stresses are 
resisted by the flanges concentrated at their centers of gravity, and that the 
shear is resisted by the web. When the second method is used one-eighth of 
the gross section of the web, if properly spliced, may be used as flange-section. 
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(61) Web-plates op girders shall have a thickness of not less than 
of the unsupported distance between flange-angles. 

(62) Cover-plates op girders to have their full sectional area included 
in flange section shall not project beyond the outer line of rivets more than 
6 in or more than 8 times the thickness of the thinnest plate. Cover-plates 
exceeding these limits not more than 50% may have one-half the excess section 
included in flange section. No part of a projection beyond the outer line of 
rivets more than 9 in or more than 12 times the thickness of the thinnest 
plate shall be considered as part of the flange section. 

(63) Web-stiffeners, in pairs, shall be placed over bearings, at points of 
concentrated loadings and at intermediate points, usually not farther apart 
than the full depth of the girder, when the thickness of the web is less than 

of the unsupported distance between flange-angles. 

(64) Stiffeners under concentrated loads and over bearings shall be 
designed as columns, with a length equal to one-half the depth of the girder, 
and shall have enough rivets to properly transmit the shear. When loads are 
transmitted through the bearing of stiffeners, the bearing value may be 
assumed at 27 000 lb per sq in of section, excluding the area of the chamfered 
portion over fillets of flange-angles. 

(65) The depth of girders and rolled beams in floors shall be not less 
than of the span, and if used as roof-purlins shall be not less than of 
the span. In case of floors subject to shocks and vibrations the depth shall 
be limited to of the span. 

(66) Steel purlins shall be single rolled shapes, plate girders or lattice 
girders. 

(67) Lateral, longitudinal, and transverse bracing in all structures shall 
preferably be composed of rigid members, and shall be designed to withstand 
wind and other lateral forces when building is in process of erection as well as 
after erection. 

(68) Wind-bracing shall be provided for tall buildings by making the con¬ 
nection-joint between girders and columns sufficient for the bending due to 
side pressure as well as for the vertical load. The shear due to side pressure 
shall be carried to column footings. Gusset-plates, knee-braces or diagonal 
bracing may be used as is best suited for the building under consideration. 

(69) No steel in any structural member subject to stress shall be less than 

in thick, except the webs of rolled beams and channels. Steel subject to the 
action of harmful gases or severe atmospheric conditions shall be not less than 
in thick. 


6. Details 

(70) General Detail Requirements. Details throughout shall conform 
to first-class standard practice. 

(71) No connection except lattice-bars shall have less than two rivets, 
preferably three, for better handling in fabrication. 

(72) In cases where it is necessary to carry loads subject to shock by bolts in 
tension, check-nuts shall be used. When bolts go through beveled flanges, 
beveled washers to match shall be used so that head and nut are parallel. 
In general, rivets and bolts in tension shall be avoided as far as practicable. 

(73) Abutting Joints in compression-members faced for bearing shall be 
spliced sufficiently to hold the connecting members accurately in place. 
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(74) When two or more rolled beams are used to form a girder, they shall be 
connected by bolts and separators at intervals of not more than 6 ft. All 
beams having a depth of 12 in and more shall have at least two bolts to each 
separator. 

(75) The minimum distance between centers of rivet-holes in com¬ 
pression-members shall be three diameters of the rivet, and the maximum 
distance in the line of stress 16 times the thickness of the plate with a maxi¬ 
mum of 6 in for plates under in thick and 9 in for plates 3^ in and over. 

(76) The minimum distance from the centfr of any rivet-hole to a 
sheared edge shall be lj^ in for Jig-in rivets, 134 in for %-in rivets, 1% in for 
%-in rivets, and 1 in for J£-in rivets; and to a rolled edge, lJ4, lJ6, 1, and 

in, respectively. 

(77) The MAXIMUM distance from the center of any rivet-hole to any 
edge shall be eight times the thickness of the plate. 

(78) The pitch of rivets at the ends of built compression-members 
shall not exceed four diameters of the rivets for a length equal to one-and- 
one-half times the maximum width of the member. 

(79) The latticing of compression-members shall be proportioned to resist 
a shearing-stress equal to 2j^% of the direct stress. Tie-plates shall be 
provided at each end and at intermediate points where latticing is interrupted. 
In main members carrying calculated stresses, the end tic-plates shall have 
a length not less than the distance between the lines of rivets connecting them 
to the flanges, and intermediate ones not less than half this distance. Their 
thickness shall be not less than Ko the same distance. 

7. Workmanship 

(80) General Requirements. All workmanship shall be first-class in every 
respect. 

(81) Material shall be thoroughly straightened before being worked, by 
methods that will not injure it. 

(82) Shearing shall be done accurately, and all portions of the work 
exposed to view neatly finished. 

(83) Abutting surfaces of compression-members, except where joints 
are fully spliced, shall be planed to an even bearing so as to give close contact 
throughout. 

(84) Punching shall be done accurately, but occasional inaccuracies in 
matching of holes may be corrected with a reamer. The diameter of the punch 
shall be not more than 3 ^ 1 6 in larger, nor that of the die in larger than the 
diameter of the rivet. Rivets shall be driven by pressure-tools wherever 
possible. 

(85) Holes in material of same thickness as diameter of punch plus in 
may be punched full size. Holes in greater thicknesses shall be either sub¬ 
punched and reamed or drilled from the solid. 

(86) Web-stiffeners of plate girders under concentrated loads shall 
have the ends milled. 

8. Painting 

(87) General Painting Requirements. Cast iron need not be painted at 
the shop. Steelwork for foundations to be entirely embedded in concrete 
shall not be painted, but must be free of dirt, grease, or other matter which 
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would impair the bond of the concrete. Other steelwork shall be thoroughly 
cleaned and given one coat of paint before shipment. Surfaces that are in 
contact after members are shop-riveted need not be painted. 

(88) Machine-finished surfaces shall be coated with white lead and tallow 
before shipment. 

(89) After erection all structural metalwork shall be cleaned of dirt and rust 
and given one coat of paint of a color or shade different from that of the shop- 
coat. 

(90) All painting at the shop and site shall be done by hand when the sur¬ 
face of the metal is perfectly dry. Painting shall not be done in freezing 
weather. 

(91) Paint shall be a good quality of red lead or graphite, ground in pure 
linseed oil or its equivalent. 


9. Inspection 

(92) General Requirements. All inspection and tests shall be made at the 
option and expense of the purchaser. 

(93) If material is tested at the mills, the necessary number of test-pieces 
and the use of a testing-machine shall be furnished free of charge by the steel- 
contractor. 

(94) The purchaser or his representative shall have free access at all times 
to the mills where material is rolled and to the shops where it is fabricated. 
In ample time for his needs he shall be given dates of mill and shop-operations 
and furnished with complete working drawings. 

10. Erection 

(95) General Requirements. The structural steel and iron, except anchor- 
bolts, loose lintels, and material not connected with the main frame of the 
structure, shall be erected by the steel-contractor on foundations furnished 
by the purchaser. 

(96) Care shall be taken that all steelwork is level and plumb before bolting 
or riveting. 

(97) Proper provision shall be made for resisting stresses due to erection 
operations. 

(98) In general, field-connections shall be riveted, but connections of the 
following classes may be bolted: 

(a) Light subordinate framing, such as purlins, monitor and skylight- 
framing, girts, platforms, stair-framing, partitions, ceilings, and penthouses; 

( b ) Ordinary framing of beams to beams, and beams to girders; 

(c) Connections not subject to direct shearing-stress. 

All connections, however, affected by loads that cause undue vibration, shall 
be riveted. One-story buildings, not subjected to excessive wind-pressure or 
not supporting heavy concentrated loads, shafting, or moving loads, may be 
bolted throughout. The threaded part of a bolt shall not be so long that the 
bearing value of the unthreaded portion is reduced to less than the shearing 
value of the bolt. Washers shall be used under nuts wherever needed. 

(99) Drift-pins shall be used only to bring parts together. Unfair holes 
shall be made to match by reaming. 

(100) After finishing the work the erector shall remove his equipment and 
all rubbish resulting from his operations. 
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DATA ON STRUCTURAL STEEL * 

Estimating the Cost of Structural Steel for Buildings 

Structural steel for buildings is commonly made up of I beams, channels, 
angles and plates, which may be used as single beams or braces, or built into 
riveted girders, columns, or trusses. Rolled columns are largely replacing 
built-up columns. The cost of the completed steelwork is made up of the 
following items: 

(1) Cost of the plain steel at the mill, plus freight and dealers* profits. 

(2) Extras for cutting, punching, fitting and assembling into girders, col¬ 
umns, or trusses. 

(3) Cost of the fittings, such as connection-angles, gusset-plates, etc. 

(4) Shop-painting. 

(5) Cost of erection at the building. 

(6) Painting after erection. 

Base-Price of Steel For orders of any considerable size, the cost of plain 
steel is based on the price at the mills plus the freight to the point of delivery. 

The base-price, free on board cars at Pittsburgh, Pa. (1930), is about 
$1.95 per 100 lb for I beams and channels 15 in and less, and for angles from 
3 to 6 in. 

I beams over 15 in, cost 10 cts per 100 lb extra, and tees over 3 in, 5 cts 
extra. 

For angles and channels under 3 in, the base is $1.95 at Pittsburgh. 

For angles, over 6 in, $1.95 + $0.10.f 

For H beams, $1.95 + $0.10. 

For bulb angles, $1.95 + $0,304 

For rolled floor plate, $1,95 + $1.75. § 

For plates, structural, the base is, $1.95. 

For rolled columns and girders, base price, $1.95 plus extras, $0.05 to $0.20. 

For plates, flange, the base is $1.95 + $0.15.U 

For corrugated steel, painted, No. 22, $2.95 + $0.25.^ 

For corrugated steel, galvanized, No. 22, $3.60. 

For steel sheets, black, Nos. 10 and 11, $2.20. 

For steel sheets, galvanized, Nos. 10 and 11, $3.05. 

For steel sheets, black, No. 22, $2.90. 

For steel sheets, galvanized, No. 22, $3.55. 

For bar-iron, the base is $1.95. 

For rivets, $2.50. 

For steel bars, $1.95. 


• Valuable data were contributed for this section by Associate Editor Robins Fleming, 
t $1.95 + $0.10 means a base-price of $1.95 and an extra $0.10. 

X $1.95 + $0.30 means a base-price of $1.95 and an extra of $0.30. 

8 $1.95 + $1*75 means a base-price of $1.95 and an extra of $1.75; the same with $1.95 
+ $0.15, etc. Corrugated steel, painted, is usually quoted at a base-price plus an extra 
for painting. At present (1930) it is $3.00 + $0.25 for gauge No. 24. 

If $1.95 -f- $0.15 means a base-price of $1.95 and an extra of $0.15; the same with 
$2.95 + $0.25, etc. Corrugated steel, painted, is usually quoted at a base-price plus 
an extra for painting. At present (1930) it is $3.00 + $0.25. 
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Freight-Rates (November, 1929) in car-load lots are, per hundred pounds: 

Pittsburgh to Albany, N. Y. 34.0 cts 

to Baltimore. 31.0 cts 

to Boston. 36.0 eta 

to Buffalo, N. Y. 27.0 cts 

to Chicago. 34.0 cts 

to Cincinnati. 27.0 cts 

to Cleveland. 19.0 cts 

to Columbus, 0. 25.5 cts 

to Denver.115.0 cts 

Pittsburgh to Louisville. 32.0 cts 

to New York. 34.0 cts 

to Norfolk, Va. 38.0 cts 

to Philadelphia. 32.0 cts 

to Richmond, Va. 38.0 cts 

to Rochester, N. Y. 26.5 cts 

to St. Louis. 40.5 ct3 

to Washington, D. C. 31.0 cts 


On account of the expense of carrying beams in stock, local dealers usually 
charge from }/% to lj^ cts a pound, extra, on orders supplied from stock. 

Standard Classification of Extras. These lists are for steel bars and 
small shapes, and the extras are added to the base-prices for each 100 
pounds. This standard classification was adopted in 1928, by the Carnegie 
Steel Company. 

Specification and Inspection 

Hull-material, subject to United States Navy Department specifications 


for medium or soft steel. $0.10 

High-tensile hull-steel (except rivet-rods) subject to United States Navy 

Department specifications. 1.00 


Charges for other than mill-inspection, such as Lloyd’s or American Bureau 
of Shipping, for buyer’s account. 

Quantity-Differentials 

All specifications for less than 2 000 lb of a size will be subject to the fol¬ 
lowing extras, the total weight of a size ordered to determine the extra, regard¬ 
less of length and regardless of exact quantity actually shipped: 


Quantities less than 2 000 lb, but not less than 1 000 lb. $0.15 

Quantities less than 1 000 lb. 0.35 


Straightening 

Machine-straightening prices furnished on application. 

Machine-Cutting to Specified Lengths, Rounds and Squares, l}/£ Inches and 


Larger 

Machine-cutting to lengths over 48 in. $0.20 

Machine-cutting to lengths over 24 in to 48 in, inclusive. 0.30 

Machine-cutting to lengths over 12 in to 24 in, inclusive. 0.40 

Machine-cutting to lengths of 12 in and less, extra will be furnished on 

application, but will not be less than. 0.70 


The above extras apply only to 0.50% carbon and under. Extras for 
machine-cutting over 0.50% carbon will be furnished on application. 
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Extras for machine-cutting Rounds and Squares under in, Flats, etc., 
will be furnished on application. 

Cutting to Specified Lengths, Other than Machine-Cutting 

Cutting to lengths of over 60 in.No charge 

Cutting to lengths over 48 in to 60 in, inclusive. $0.10 

Cutting to lengths over 24 in to 48 in, inclusive. 0.1S 

Cutting to lengths over 12 in to 24 in, inclusive. 0.30 

Cutting to lengths of 12 in and less, extra will be furnished on applica¬ 
tion, but will not be less than. 0.40 

Cost of Erecting. For erecting ordinary beams and columns in buildings 
having masonry walls the cost of erection should not exceed $20 per ton when 
there are bolted connections, and it will sometimes be as low as $13 per ton. 
For erecting the steelwork of skeleton buildings having riveted connections 
it is customary to allow $18 per ton. 

Cost of Painting. The usual charge for shop-painting is about $3 per 
ton, but if done in accordance with the specification in Article 8 it would 
exceed this amount. For painting one additional coat after erection, allow 
about $3.50 per ton. 

Roof-Trusses. In lots of at least six, the shop-cost of ordinary roof-trusses 
in which the ends of the members are cut off at right-angles is about as fol¬ 
lows: * Trusses weighing 1 000 lb each, from $2.00 to $3.50 per 100 lb; 
trusses weighing 1 500 lb each, from $2.00 to $2.50 per 100 lb; trusses weigh¬ 
ing 2 500 lb each, from $1.50 to $2.50 per 100 lb; and trusses weighing from 
3 500 to 7 500 lb, from $1.25 to $2.00 per 100 lb. Pin-connected trusses cost 
from 10 to 30 cts per 100 lb more than riveted trusses.* 

Steel Mill-Buildings. The average shop-cost for the frames of steel mill- 
buildings, including draughting, is about $30 per ton, and the cost of erection 
from $20 to $35 per ton.* 

Cost of Drafting. Details for church and court-house roofs having hips 
and valleys cost from $10 to $20 per ton; details for ordinary mill-buildings 
cost from $6 to $12 per ton. The cost of making shop-drawings varies greatly 
with the character of the construction of the buildings, and with the accuracy 
of the architect’s drawings. The average costs per ton of steel, for making 
shop-drawings are about as follows: 

For entire skeleton construction, in which the loads are all carried to the 
foundations by the steel columns, $4.00. 

For the interior parts which are supported on steel columns, when the outside 
walls carry the floor-loads and their own weight, $3.50. 

For the interior parts which are supported on cast-iron columns, when the out¬ 
side walls carry the floor-loads and their own weight, $2.50. 

For construction without columns, and in which the floor-beams rest on ma¬ 
sonry walls, $2.50. 

For buildings in which roof-trusses supported by columns comprise the greater 
part of the construction, $7.00. 

For buildings in which roof-trusses on masonry walls comprise the greater part 
of the construction, $4.00. 

For mill-buildings, average, $9.00. 

* If there is little duplication of parts or if manual labor enters into the fabrication to 
any great extent the costs given will be increased. 








Data on Structural Steel 1525 

For manufacturing or shop-buildings, with flat roofs, and one story in height, 
$3.00. 

For alterations, additions, remodeling, which require measurements before 
details and shop-drawings can be made, $12.00.* 


Weights of Steel in Buildings t 

Factors Affecting the Weights of Steel Structures are many. Municipal 
building codes specify loads and working stresses which vary greatly. The 
architectural features to be followed also play an important part. In mill 
buildings the weight is affected by the kind of roofing and siding used, capacity 
of cranes, spacing of trusses and columns, special loadings and often the allow¬ 
able minimum thickness of metal. 

The weight per square foot of floor-surface or per cubic foot of volume of a 
structure already built should not be assumed as the weight of a proposed 
structure unless all the conditions which govern the one are found in the 
other. Approximate estimates are often wanted before plans or designs 
have been started. These should be made only by experienced engineers. 

Weights of Steel in a Humber of Structures are given in the following notes: 

Among prominent New York buildings the Woolworth Building towering 
792 ft above the sidewalk with a ground-area of 31 000 sq ft weighs 3.00 lb 
per cu ft of volume; the Equitable Building, 159 ft by 308 ft, 41 tiers of framed 
beams, weighs 37 lb per sq ft of framed area and 2.55 lb per cu ft of volume; 
the 39-story Bankers’ Trust Building with an area of 9 000 sq ft, 3.1 lb per 
cu ft; the 25-story Municipal Building with.an area of 42 700 sq ft, 3.6 lb; 
the 25-story Hotel McAlpin with an area of 31 000 sq ft, 2.0 lb. Of recent 
buildings, the New York Telephone Company Building, 192 ft 4 in by 254 ft 
between enclosure walls, 29 floors above street-level, with numerous offsets, 
34.3 lb per sq ft of framed area; the New York Life Insurance Company 
Building, 179 ft by 183 ft, 30 stories above first floor and 3 basements 
below, 32.9 lb per sq ft of framed area and 2.35 lb per cu ft of volume. Of 
the tall apartment-houses springing up on every side, one, quite complicated 
in design, 20 stories high and about 40 000 sq ft of ground area, weighs 1.6 lb 
per cu ft. An apartment hotel of nearly the same area, simple in design and 
28 stories high, weighs 1.5 lb per cu ft. 

The Fidelity-Philadelphia Trust Company, in Philadelphia, 30 stories 
above the street and 3 basements below, weighs 2.48 lb per cu ft for its 
11 500 000 cu ft of volume. The 16-story Benjamin Franklin Hotel of the 
same city, 185 ft by 230 ft, weighs 20.4 lb per sq ft of framed area and 
1.62 lb per cu ft of volume. The 22-story Rittenhouse Plaza Apartments, 
127 ft by 136 ft, weighs 17.15 lb per sq ft and 1.77 lb per cu ft. 

The Convention Hall of Atlantic City, one of the largest buildings of its 
type in the world, finished in 1929, is 350 ft by 675 ft. The trusses have a 
dear span from wall to wall with center pins 135 ft above the floor. It is 
claimed that 40 000 persons can be seated in the auditorium and 5 000 in 
the ball-room. The weight of steel was 11 050 tons, or 93.2 lb per sq ft of 
ground area. 

For buildings higher than 8 or 10 stories the total weight of steel in floors 
will increase in direct proportion to the stories, while the weight of columns 
will increase more rapidly. In office buildings of 6 to 12 stories the average 

* This cost of $12.00 indudes the cost of taking measurements. This generally has to 
be done by the contractor. 

t From notea by Robins Fleming. 
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weight of the steel framing is probably 1.8 lb per cu ft of volume; in hotels 
1.4 lb. In higher buildings the average weight per cubic foot will be more. 
Buildings with setbacks require heavy girders, and it is impracticable to give 
a probable weight except for each individual case. 

The following data were collected for the previous edition of the Handbook; 
it is reprinted as there given. Under recent specifications and codes a saving 
of from 2% to 6% could be effected in some instances due to lighter loads 
and higher unit stresses being allowable. 

Armories. The three-hinged arches with roof-framing of an armory in 
Brooklyn, 191 by 300 ft in area, weighs IS 5 lb per sq ft of ground area. An 
armory in Buffalo, 233 by 335 ft, weighs 18 3 lb. The steelwork of the Kings- 
bridge Armory, New York City, 289 by 590 ft, said to cover the largest drill- 
hall in the world, weighs about 90 lb per sq ft, of which one-half is roof and 
one-half floor and miscellaneous framing. 

Boiler-Shops. Sizes and weights per square foot of a few boiler-shops are 
as follows: 167 by 336 ft, three aisles, floor in center and cranes in outer aisles, 
concrete roof and sides, steel purlins and girts, 23.9 lb; 124 by 300 ft, three 
aisles with 15, 25 and 50-ton cranes, respectively, steel purlins and brick walls 
between columns, 36 lb; 74 by 160 ft, 10-ton crane in center aisle, single beams 
over side aisles to carry roof, galvanized corrugated-steel covering and siding, 
16.15 lb; 85 by 140 ft, two aisles, one with crane, 20.8 lb; 94 by 97 ft, two 
aisles, one with crane, 26.3 lb. 

Car-Barns. The steel roof-trusses and bracing of a car-barn 100 by 154 ft, 
wood purlins, brick walls, weighs 6.2 lb per sq ft. Another car-barn, 44 by 
270 ft, corrugated-steel roof, and sides on steel purlins and girts, 9.15 lb. 
Another, 100 by 154 ft, four aisles, concrete roof on steel purlins, 11.8 lb. 

Cement-Plants. Four cement-plants with ground-areas of 58 000, 73 000, 
83 000 and 128 000 sq ft, respectively, weigh, respectively, 23.6, 22.0, 23.5, and 
17.5 lb. These weights are the averages of the buildings that usually form a 
cement-plant. The individual buildings vary from 10 lb for an engine-room 
to 36.7 lb for a clinker-grinding room. 

Coal-Bunkers. The weights of six coal-bunkers of the suspended type and 
with capacities of from 350 to 1 000 tons, range from 128 to 234 lb per ton of 
capacity, the average being 204 lb. A system of rectangular pockets to store 
7 500 tons (10 ft 6 in from ground to valves) weighs 158.3 lb per ton of capac¬ 
ity. In all cases the weights of supports but not of roofs are included. A 
35 by 70-ft coal-bin supported on plate girders with a capacity of 1 000 tons 
weighs 240 lb per ton of capacity, including the roof-trusses that carried the 
conveyor. 

Forge-Shops. The steel framing for the roof of a forge-shop 83 by 126 ft, 
with no columns and no cranes, covered with corrugated steel on steel purlins, 
weighs 11.1 lb per sq ft of ground-area. A forge-shop 220 by 240 ft, four 
aisles, each with crane-runways, composition roofing, concrete sides, steel 
purlins and girts, weighs 24.6 lb. A forge-shop 110 by 425 ft for heavy work, 
47 ft 6 in to bottom chord, two aisles each with a 50-ton crane, tile roof, glass 
and brick sides, weighs 40 lb. 

Foundries. A pipe-foundry, 50 by 150 ft, slate covering, wooden purlins, 
brick walls, 15-ton crane, weighs 11.35 lb per sq ft. A similar one for the 
same company, 45 by 82 ft, with a 30-ton crane, weighs 17.23 lb. A foundry, 
71 by 180 ft, one center aisle, with light crane, lean-to each side, corrugated- 
steel roof and sides, weighs 14.8 lb. A foundry, 150 by 290 ft, for a pump* 
company, four aisles with 20-ton crane in one aisle, wooden purlins, two 40 
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by 50-ft charging-floors of concrete on steel beams, weighs 13.9 lb. A foundry, 
116 by 252 ft, equipped for heavy work, 60-ft center aisle, two side aisles, 
28-ft charging-floor, storage-platform, weighs 38.9 lb. 

Machine-Shops. A machine-shop, 90 by 328 ft, for heavy work, one 
center aisle 40 ft wide with 25-ton crane, each side aisle 25 ft wide with gallery- 
floor and 5-ton crane underneath, tile roof on steel purlins, brick and glass 
sides, weighs 43 lb per sq ft of ground-area. A two-story machine-shop, 
69 by 422 ft, three aisles, light cranes in lower story, composition roof, steel 
purlins, concrete sides, weighs 35.15 lb. A one-story building, 75 by 300 ft, 
20 ft to bottom chord, shafting, corrugated-steel roofing and siding, weighs 
13.0 lb. Another one-story building, 70 by 100 ft, 18 ft to bottom chord, 
shafting, concrete roof on trusses 10 ft apart, no purlins, weighs 13.88 lb. In 
addition, the steel framing for the Hy-rib sides of this building weighs 3.44 lb 
per sq ft of vertical surface. A machine-shop, 116 by 252 ft, 60 ft center aisle, 
with upper 10-ton-crane runway and lower 25-ton-crane runway, two side 
aisles 28 ft wide with traveling jib-cranes, weighs 33 lb. 

Rolling-Mills. A rolling-mill, 93 by 186 ft, corrugated-steel roof and 
sides, weighs 17.6 lb per sq ft. Another, 170 by 384 ft, two aisles each with 
5-ton cranes, saw-tooth roof-trusses on longitudinal girders, concrete slabs on 
steel purlins, brick walls between columns, weighs 17.5 lb. A similar building 
for shop-purposes weighs 18.62 lb. 

Paper-Mills. The entire structural steel for three paper-mills weighs 
respectively, 18.4, 20.6 and 21.4 lb per sq ft of area. All roof-trusses are of 
the flat type, spaced 8 ft apart in the first and third, and 16 ft in the second. 

Power-Houses. A power-house, 44 by 186 ft, 49 ft to bottom chord, 60- 
ton crane, tile roof on steel purlins, brick walls between columns, weighs 50 lb 
per sq ft. Another, 53 by 270 ft, 33 ft to bottom chord, 20-ton crane, tile roof 
on steel purlins, brick walls and sash between columns, weighs 39.6 lb. An¬ 
other, 120 by 96 ft, one aisle for boiler-room and one with 10-ton crane for 
engine-room, steel purlins for concrete roof-covering, brick walls between 
columns, weighs 17.8 lb. 

Train-Shed. The train-shed, 390 by 815 ft, of the Central Railroad of 
New Jersey in Jersey City, is a series of concrete and steel umbrellas, of the 
Bush-type. The structural steel weighs 17 lb per sq ft of area. 

Three Industrial Plants. In one of the plants of a great industrial cor¬ 
poration a two-story shop, 51 by 380 ft, weighs 28 lb per sq ft of ground-area; 
a three-story shop, 80 by 420 ft, 37.9 lb; a three-story shop, 80 by 300 ft* 
46.3 lb; a three-story shop, 80 by 630 ft, 67.5 lb; a four-story shop, 77 by 
140 ft, 66.6 lb; a foundry, 121 by 150 ft, 40 5 lb. In another plant of the same 
corporation, a threc-story machine-shop, 80 by 510 ft, weighs 84.3 lb; a five- 
story office-building, 49 by 243 ft, 70.3 lb; a power-house, 55 by 120 ft, 37.5 lb; 
a blacksmith-shop, 81 by 200 ft, 15 6 lb. In a plant of another corporation, 
a boiler-house, 50 by 94 ft, weighs 23.3 lb; a furnace-building, 60 by 160 ft, 
25.1 lb; a rolling-mill, 80 by 80 ft, 24.4 ft; a rod-mill, 243 by 220 ft, 28.1 lb. 

Cost of Merchant Steel. The cost of merchant iron and steel of all kinds 
is based on a certain size of each particular shape, which is taken as the base, 
and the price of all other sizes is figured at a certain extra rate above the base 
according to a standard card of mill-extras. The base-price may fluc¬ 
tuate and be changed without notice, but the extras remain constant, and are 
the same in all localities. The following tables include the standard classi¬ 
fication of extras on iron and steel bars: 
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Standard Classification * of Extras on Iron and Steel Bars 

Adopted January 2, 1928 


__ Rounds and Squares_ 


34 to 33is in. 
54 to x He in. 
Ms in 

54 in.. 


Extra per 
100 lb 

Sizes 

Extra per 
100 lb 

Base 

>32 in.... 

$1.50 

$0,10 

Ms in. 

2.00 

0.15 

334 to 3Ms in. 

0.10 

0.20 

334 to 431 s in. 

0.15 

0.30 

434 to 4M s in. 

0.25 

0.40 

434 to 5 M s in. 

0 35 

0.55 

534 to 5Ms in. 

0.45 

0.70 

534 to 6Ms in. 

0.55 

0.85 

6>4 to 6Ms in. 

0 65 

1.00 

634 to 734 in. 

0 75 


Flats—Extras per 100 lb 


Ha 

to I to I to I to I to to 

3Ms 2Ms lMs ’Ms 5a 54 


34 

Me 

34 

Me 

54 to’Ms 

34 to ’Ms .... 

54 to’51* 

1 to 154 
IMe to 2 
2M« to 234 
2M« to 3 

3Msto334 $0.30 
3M« to 4 0.30 

431s to 5 0.30 

5Me to 6 0.30 


Standard Classification t of Angles, Channels and Tees 


Angles 


Extra per 
100 lb 


134 X 134 in and wider, but under 3 in X Me in and over 

134X134 in and wider, but under 3 in X 34 in. 

1 X l to 134X 134 in X Me in and over.. .... 0 25 

1 XI to 134X134 in X 34 in. 0 30 

34X34 in X Me in. 0.35 

34x34 in x 34 in. 0 40 

34X34 in X Me in. 0.45 

34 X 34 in X 34 in. 0 60 

54 X 34 in X 34 in. 1.50 

34 X 34 in X >42 in. . ... 2 00 

34X34 in X 34 in. 2 20 

34X34 in x less than 34 in. 2.50 

3X3 in X Me in. 0.35 

3X3 in X 34 in. 0.50 

Unequal-leg angles are subject to sp-cial prices, which will be furnished 
on application 


* Intermediate sizes take the next higher extra. It is not customary to enforce more 
than one-half the “standard-card extras” for round and square bars, 
t Intermediate sizes take the next higher extra. 
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Standard Classification * of Angles, Channels and Tees (Concluded) 


Channels 

Sizes 

Extra per 
100 lb 

VA in and wider, but under 3 m X Me in and over... 

10 25 

\ l A m and wider, but under 3 in X H in .. ... 

0.40 

1 to V/i in X Me in and over. 

0.40 

1 to V/i in X M in . 

0.50 

1 to 114 in X 7 A\ in. 

0 70 

*/i and % in X Me in and over. 

0.50 

% and Mi in X Y% in. ... 

0.60 

% and %in X 7 Ai in . 

0.80 

% in X H m and over. 

1.70 

H in X Mia m. ... 

2.00 

M* in X 7 A 4 in and over. 

2 50 

A in X in. .... 

3 00 

Tees 

Sizes 

Extra per 
100 lb 

W 2 X 1H in and wider, but under 3 in X Me in and over 

$0 30 

1X1 to in X Me in and over. 

0 55 

1X1 to \M in X H in . 

0.70 

7 /iX 7 A in X Me in. . 

0.70 

HX 7 A in X Mi in. 

0.60 

%XH in X Me m . 

0.90 

5^X*i in X A in. 

1 10 

HXHinXHin . 

1.80 

HXH in X H in. 

2.50 

Unequal-leg tees are subject to special prices, which will be furnished on I 

application. 



• Intermediate sizes take the next higher extra. 


The base for car-load lots for any city may be obtained by addin# the 
height-rates to the base prevailing at the mills. 
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CHAPTER XXIX 

DOMICAL AND VAULTED STRUCTURES* 

B* 

EDWARD F. RIES 

CONSULTING ENGINEER, SAN ANTONIO, TEXAS 

1. Domes * 

Cla ssificat ion: Domical structures may be considered under two main 
divisions: (1) Smooth-shell domes, and (2) ribbed domes. The first division 
may again be divided into (a) domes with shells of uniform thickness, and ( b ) 
domes with shells of uniformly varying thickness The materials of con¬ 
struction of division (1) are brick, stone, concrete, and tile; and of division (2), 
steel, concrete, and wood. A dome may be constructed with or without a 
lantern, or with or without an occulus or eye; and in the case of ribbed 
domes, they may have either circular or polygonal bases. 

(1) Smooth-Shell Domes 

Mechanical Principles. Under this heading are considered both (a) domes 
with shells of uniform thickness, and ( b) domes with shells of uniformly vary¬ 
ing thickness, and also domes with or without lanterns and eyes. A dome 
whose shell tapers toward the top is the more stable dome. It is evident that 
the upper part, or crown, tends to fall in and thereby push out the lower por¬ 
tion; hence the lighter the upper part is in relation to the lower part, the 
more stable the dome. The exact actions of the internal stresses in a dome 
are difficult to determine, but a very practical solution can, however, be devel¬ 
oped after assuming that the stresses are parallel to a surface midway between 
the outer and inner surfaces of the dome. 

General Analysis. A dome may be imagined to consist of a number of 
horizontal rings of decreasing diameter, each one laid on top of another. 
Since the upper part tends to fall in and push out the lower part, there must be 
a tendency to contract each ring in the upper part and to expand each ring in 
the lower part. That is, there must be end-compression on all stones 
(imaginary divisions in concrete) of the upper part, and end-tension on all 
stones of the lower part. The dividing line or horizontal joint between these 
upper and lower parts of the dome is called the joint of rupture. The 
angle made by the joint of rupture with the vertical (center of dome as apex 
of angle) is known as the critical angle. It is evident, then, that the deter¬ 
mination of the joint of rutpure and the critical angle determines also 
the points below which there is tension in the rings. By reinforcing the lower 
part with steel bands or rods to resist this tension, the dome can be made 
secure. If the dome is a flat dome, that is, one in which the angle the base 
makes with the vertical is less than the critical angle, the tension-steel must 
be placed at the base of the dome to resist the outward push or thrust. 


See, also. Chapters VII and VIII. 
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Notation and Theory (see Fig. 1): 

r - mean radius of dome; 

«-thickness of shell at 
crown; 

/-thickness of shell or of 
ring at any point; 

a — angle made with the ver¬ 
tical by radius to lan¬ 
tern-ring. Center of 
dome is the apex of 
angle. In a dome 
without lantern, a- 
0 ; 

0 — angle made with the ver¬ 
tical by radius pass¬ 
ing through any point 
in shell (in equations 
angles are in radians); 

c — constant of variation of 
t with respect to arc 0; 

— —a constant (based on 

a 

above notation) for 
any dome; 

0 —crititical angle, that is, 
the angle made with 
the vertical by the 
joint of rupture; 

ttf — weight of cubic unit of 
masonry; 

V - volume of shell of com- Fig ' Smooth-shell Concrete Dome. Analysis 
plete dome above any 
ring; 

Wa »wF» total weight of complete shell above any ring (including the part 
removed for eye); 

Wi _ o - weight of lantern minus weight of shell removed for occulus or eye 
(1 Wi -o may be either positive or negative); 

W~Wd + Wi- 0 \ 

n — 1 > a constant for any dome; 

2 t r wart 

P-total tangential pressure for any ring, due to lantern and shell above 
that ring; 

U -tangential pressure per unit-length of ring; 

N-total radial horizontal pressure on any ring, due to outward push or 
thrust of shell above that ring; 

T - hoop-tension or hoop-compression in ring, due to B\ 

Using this analysis and notation, the following equations are developed: 



Equation (1) t - a + erd 

Equation (2) V — 27Tf*[a(l — cos 0) -f cr (sin 0 — 0 cos 0)] 

Equation (3) Wa -wF -2a- war 2 £(1 -cos 0) + ^ (sin 0-0 cos 0)J - warH , 
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Equation (4) 

P - 2ir war 2 
Equation (5) 

r „ 

U — war 

Lsm 2 


: - 27r |^(1 - cos 0) + ~ (sin 0 - 0 cos 0) J 


(n cosec 0 *f cosec 0 — cotan 0) + ~ (1 — 0 cotan 0) J 


cosec 0 — cotan 0 + — (1 — 0 cotan 0) 
a 


Lsin 2 0 sin 0 

— war (5i -f* S), in which 

S\ - . n - ~ and 
sm 2 0 

cosec 0 — cotan 0-1— (1 — 0 cotan 0) 


Equation (6) 


• E J 

— — - war 2 1 n 
2tt L 


cotan 0 -f (1 — cos 0) cotan 0 


-f — (sin 6 — 0 cos 0) cotan O I 


- war*(Y\ Y), in which 
Y\ — n cotan 0 and 


- £(1 — cos 0 ) cotan 0 + (sin 0 — 0 cos 0) cotan 0j 
Equation (7) 

cr f . cos0-sin 2 0"l f. _ l-0cotan0l 

— « \n cosec 2 0---r— + 0 cos 0-;— -I 

a L 1 + cos 0 J L sm 0 J 

Design and Investigation of Smooth-Shell Circular Domes. By the use 

of the foregoing equations any circular dome can be designed or investi¬ 
gated. The computations, however, connected with some of these equations 
are long and tedious, and are simplified by using curves plotted from the solu¬ 
tions found, after giving different values to some of their elements or factors. 
(See Plates I, II, III, and IV.) 

Equation (7) is represented by the curves in Plate I. By the use of these 
curves the position of the joint of rupture for any dome is found by inspection 

when the values of — and n are known. The value of — is easily determined, 

a a 

as c can be found by using Equation (1) after determining or assuming a, the 
thickness at the crown, and /, the thickness at the base; and the value of n 
Wi - o 

is found from the ratio n - --. 

2ir war 2 

Equation (3) is represented by the curves in Plate II. From these curves 
the weight of any shell is determined. 

Equation (5) is represented by the curves in Plate III. Knowing the values 

of if and —, the values of Si and S are found by inspection, and hence V is 

a 

easily computed. 


is found from the ratio n 
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Values of •££ 

Plate I. Curves for Determination of Joint of Rupture of Domes. Based on Equation (7) 


Equation (6) is represented by the curves in Plate IV. Knowing the values 

of » and —, the values of Y\ and Y are found, and T computed for any ring, 
a 

When n equals zero, Y\ equals zero, and the value of T depends upon Y as 
given in the lower curves. It will be noticed that Y increases as 0 increases 
until the critical angle for a dome without lantern, or eye (» - 0), is 
reached; that is, each successive ring increases the outward thrust, and at 
the critical angle there is a maximum value of K, and hence a maximum 
hoop-tension T. After the critical angle is passed the rings are in tension, 
and therefore T and Y are reduced by the tension required of the ring or 
masonry. 










T-aLues of z 


Plate II. Curves for Determination of Weight of Shell of Domes. Based on Equation (3) 

The curves also indicate that the stability of a dome with a shell of uniform 
thickness and with no lantern is not affected by the thickness of the shell, 

since c — 0, and therefore — — 0, regardless of the value of a. 
a 

Example. It is required to design a smooth-shell reinforced concrete 
dome of 45-ft radius, and with a lantern of 10-ft radius, weighing 50 000 lb. 
The shell within the lantern is to be removed, forming an eye. (Fig. 2.) 

Solution. Assume a crown-thickness, a, of 5 in, and a thickness, /, at the 
base of 8 in. 

From Equation (1) 

cr t — a 
a ad 


t - a -f cr$, or 
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Angle 0 


Plate III. Curves for Determination of Tangential Stress per Unit-length of Dome¬ 
ring. Based on Equation (5) 

For the dome without wind-loads or snow-loads 

8 _ _ 

cr_ 12 12 

a 


10 


© 


- 0.43 


1.396 


The angle a - sin -1 -- - 12° 50'. 

45 

From Plate II the weight of the shell removed for the eye is 
15° (45)* (0.165) - 20 8831b 
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Angle 9 

Plate IV. Curves for Determination of Hoop-tension or Hoop-compression in Dome- 
ring. Based on Equation (6) 

Therefore 

Wi-. 0 - 50 000 - 20 883 - 29 117 lb 
For wind-loads and snow-loads a simple and safe method of procedure is 
to allow a uniform load over the surface of the dome, since this load can be 
translated into its equivalent in inches of masonry and hence the same equa¬ 
tions and curves used. A wind-load, for example, of 25 lb per sq ft, is equiva¬ 
lent to 2 in of concrete weighing 150 lb per cu ft. Hence the new a and t equal 
7 and 10 in, respectively. Hence from Equation (1) 

10 _ T_ 
cr 12 12 


(n) 01 


0.307 
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Wl-Q 

2 tt war 2 


29 117 

2ir (150) (45)* 


=0.026 • 


From Plate I, with — - 0.307, 
a 

and n - 0.026, the critical 
angle is found to be 52° 35'. 

From Plate IV, at the critical 
angle for the dome with snow¬ 
load and wind-load 

r- iso (rj) (4S)S(0 ° 20 + 0 - 352 > 

■*65 914 lb tension 

This must be resisted by steel 
reinforcing rods. Allowing a unit 
tensional stress of 16 000 lb per 
sq in in the steel, a total of 

65 914 J . . _ 

——--4.12 sq in sectional area 
16 000 

of steel is required. At the base 
(0—80°) 

r-15° (45)*(0.005 + 0.186) 

-33 843 lb 

^ *The total cross-sectional area 
of steel in tension at the base is 
33 843 . . , . 

16 000 ° ,:Z 12 sq m ’ glven by five 



Fig. 2. Smooth-shell Concrete Dome with 
Lantern and Eye. See Example 


round rods, each % in in diameter. 

The remaining required sectional area of steel, 4.12 — 2.12 » 2 sq in, must 
be spaced in the lower part of the dome over an angular distance of (80° — 
52° 35') » 27° 25' - 0.4785 radian, or 0.4785 X 45 - 21.53 ft up the surface 
of the dome. 

The assumed thickness of shell at the base was 8 in, and the thickness at the 
lantern-ring will be, from Equation (1), 


or 


*»a + cr0-o+a- 


5 + 5 (0.43) (0.2239 - 5.48 in 


Allowing 0.2 per cent of steel cross-section, horizontally and meridionally, for 
secondary stresses caused by temperature-changes and possible unequal 
snow-loads and wind-loads, there should be 8 X 12 X 0.002 - 0.19 sq in of 
steel cross-section per running foot at the base, and 5.48 X 12 X 0.002 - 0.13 
sq in per running foot at the lantern-ring. The spacing of the horizontal 


• The snow-load on the top of the lantern is taken care of because snow-loads and wind- 
loads over the entire dome were included, and only the actual masonry of the eye was 
subtracted. 
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reinforcing is best found as indicated in Fig. 3. Curve A gives the total 
amount of steel necessary for secondary stresses above any point in the 
cross-section of the shell. Curve B gives the necessary tensional resistance, 



10 15 20 25 30 35 40 45 50 

Distance in Feet Measured up Che Shell 


Fig. 3. Diagram for Determination of Amount of Horizontal Steel Reinforcing in 
Concrete Domes 


using Curve A as a starting-point for the ordinates. Various points on the 
curve are easily determined. For example, for 6 = 70° 

/-5 + S (0.43) (1.2217) - 7.63 in 
The cross-section of temperature-steel per foot at 70° is 
7.63 X 12 X 0.002 =» 0.18 sq in 
The total cross-section of temperature-steel above 70° is then 


0 18 -f- 0 13 
2 


X (1.2217 - 0.2239) 45 = 6.96 sq in 


The tension-steel cross-section (Plate IV) above 70° is 


(150) (7/12) (45)2(0.298 -f- 0.009) 


= 0.72 sq in 


With points determined in this manner the curves are developed. 

The total cross-section of horizontal steel in the entire cross-section of the 
shell is 

8.45 + 2.00 - 10.45 sq in 


with an additional 2.12 sq in of tension-steel at the base. If J^-in round rods 
are used, there will be - « 54, required in the shell. By dividing the area 
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below the curve (Fig. 3) into 54 parts, the distance up from the base, where 
each rod should be placed, is determined. The meridional steel should be such 
that there will be 0 19 sq in of cross-section per foot of circumference at the 
base, and 0.13 sq in per foot of circumference at the lantern-ring; that is, if 


}^-in round rods are used, they should be spaced 


0 1963 
0.19 


1 03 ft at the base, 


and « 1.51 ft at the lantern-ring, 

ring is equal to 

50 000 

(5.48) (2tt 10 X 12) = 


The punching-shear at the lantern- 


12.1 lb per sq in 


This is well within the limit of 40 lb per sq in. 


(2) Ribbed Domes 

General Principles. The following discussion applies to domes of either 
circular or polygonal horizontal cross-sections. All steel domes are ribbed 
domes, and usually have from six to twenty-four ribs resting against a lan- 
tf.rn-ring or spider at the top. The ribs may have solid w r ebs, perforated 
webs, or latticed webs, with angle or channel-flanges. The latticed angle-ribs 
are preferable because of their lightness. The tension-rings and compression- 
rings may be built similar to the main ribs, and should brace the latter through 
rigid gusset-connections. The diagonals are usually rods with turnbuckles 
for adjustment. Concrete-ribbed domes or wooden-ribbed domes may 
be designed according to the same general principles followed for steel domes, 
but the diagonals are omitted and dependence for rigidity is placed on the 
slab-llllings between the ribs. 

The Schwedler Method for the Design of Steel Domes. W. Schwedler 

has by simple resolution of the forces derived equations for domes, based on the 
forms of surfaces of revolution. These equations are easily checked when 
the forces acting through a rib (the rib acting as a strut between the joints) 
and through a ring at a joint are considered. The following laws may be 
stated: 

(1) The ribs are in maximum stress when the whole dome is loaded; 

(2) A ring is in maximum tension when all of the dome above the ring is 
fully loaded, and in maximum compression when all of the dome below the 
ring and the ring itself is fully loaded; 

(3) The diagonals are not stressed when the dome is symmetrically loaded. 
The diagonals in a panel are in maximum stress when the dome on one side of a 
meridional plane passed through the center of that panel is fully loaded and 
the other side unloaded. 

In Fig. 4 let 

ati, « 2 » <* 3 , etc. * angles made by rib-sections with the horizontal; 

0i, 02 * 03 . etc. « angles made by diagonals with the ribs; 

jPi, P 2 , Pz, etc. = dead loads at ends of rib-sections; 

Li, L 2 , L 3 , etc. «= live loads at ends of rib-sections; 

D\, Di, Dz, etc. =» stresses in rib-sections; 

T\, Ti, Tz, etc. » stresses in rings; 

N 1 , Ni , N 3 , etc. «= stresses in diagonals; 
n « number of ribs. 
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(when the result is negative the stress is compressive). 
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Maximum r 2 — 


Minimum T 2 » 


Maximum Ti 


(Pi + Li) cot «i - (Pi + £1 + P2) cot a 2 

_ . 7T 

2 sin — 
n 

(Pi cot o?i - (Pi + Pi 4- L2 ) cot a2 

_ 7T 

2 sin — 
n 

(P1 + L1 + P2-\~Pj) COt <X 2 —(/ > i + Z.i + P 2 +Zi 2 + / > |) cot tt| 

„ . 7 r 

2 sin — 


(/’l +Pi) cot CX 2 ~ (/’l + Pi + P% +£ 3 ) cot «3 , 

Minimum T a - .—. . . —■■■ ■■.—— , etc. 


2 sin — 
n 


tfi-TTT 


iV 2 -- 


/-I + I 2 


2 sin cti cos £1 2 sin a 2 cos 0 2 


v Li + Li + Li 

iVj 0 * etc. 

2 sin a 3 cos p 8 


For the stresses in the diagonals the 
factor 2 is introduced because Muller- 
Breslau found, by exact analysis, 
stresses only one half as large as 
those determined by the simple resolu¬ 
tion of forces. The diagonals are 
stressed under a wind-load, and this is 
resisted by assuming a vertical live load 
equal to from 20 to 30 lb per sq ft of 
HORIZONTAL PROJECTION. 

A graphical method, developed by 
E. Schmidt, for determining the 
stresses D u Z) 2 , D it T\ t Ti, T 3f etc., is 
shown in Fig. 4a. 

Weights of Steel Domes. It was 

found by Scharowsky, from calcula¬ 
tions made for a large number of 
Schwedler flat domes varying in span 
from 60 to 180 ft, that the weight of the 
lantern and steel skeleton per sq ft of 
projected (covered) area is 

w - 0.0156 5 + 4 

where w - pounds per square foot of 
projected area, and 5 ■* the Lpan, in 
feet. For preliminary calculations on 
full hemispherical domes, the 
weight found by this equation should 
be increased from two and a half to 
three times. 



Fig. 4a. Graphical Determination of 
Stresses in Ribbed Domes 


Steel Dome of the Horticulture Palace, San Francisco, Cal. This is a 
schwedler hemispherical dome oi 152-ft span, with twenty-four latticed 


P*+U P,+L, P,+ L, P,+L, 
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ribs, 36 in deep, carrying a lantern-ring or spider at the top, and connected 
by eleven horizontal rings The lantern-ring is 6 ft in diameter, 36 in deep, 
with a solid web, and braced twice diametrically. The ribs are constructed 
of two 4 by 4 by 5^0-in angles at the top, two 3 by 3 by *?,| 6 -in angles at the 
bottom, and a by 2}^ by %-in angle single-lattice web. The dome-steel 
weighs about 17 lb per sq ft of projected area. 

Concrete Ribbed Domes. In a reinforced-concrete ribbed dome 
the number of ribs, varying from eight upward, is determined by the substruc¬ 
ture and the size of the dome. The different steps in designing a ribbed rein- 
forced-concrete dome are: (1) the determination of the number of ribs and 
rings; (2) the determination of the loading, per rib, using the required shell- 
thickness and the assumed rib-sizes and ring-sizes for preliminary calculations; 
(3) the finding of the forces acting on the ribs by the use of Schwedler’s for¬ 
mulas; (4) the drawing of the elastic curve for the ribs; (5) the determina¬ 
tion of the stresses and necessary reinforcement in the ribs, rings, and slabs; 

(6) the adjustment of sizes and loads, so as to be on the side of safety; and 

(7) the reworking of the preliminary computations for the final design. The 
elastic curve should always remain in the middle half * of the rib, and 
should never be so far away from the center of gravity of the rib-section that 
the maximum compressive stress of 500 lb per sq in in the outer fiber of the 
rib is exceeded. The reinforcement in the ribs should be sufficient to resist 
the flexural stresses due to the eccentricity of the elastic curve. The 
reinforcement in the rings should be sufficient to resist the tensile stresses, 
and should be as straight as possible in order to avoid a sidewise stress or 
movement. The rings must be reinforced to resist their flexure, as beams. 
The panel-slabs, if domical (see Smooth-Shell Domes), should be reinforced 
for shrinkage-stresses and temperature-stresses, in addition to the rein¬ 
forcement for tension below the critical angle. If the slabs are straight they 
should be designed as floor-slabs, and by similar methods. 

Example.f It is required to build a dome (Fig. 5) with a span of 132 ft and 
a rise of 31 ft 6 in. This makes the radius 85 ft. The eye is to be 12,ft in 
diameter. The outer surface of the dome is to be a domical slab on ribs, car¬ 
rying a suspended plastered ceiling forming the inner surface. 

Solution. J To obviate the necessity of building a complete domical form, 
supported from the floor below, the decision is to build a ribbed dome as 
follows: It is decided to build a central tower to temporarily carry the upper 
ends of the ribs, to precast these ribs, raise them into position, cast the ring 
of the eye, suspend the ring-forms from the ribs, pour the rings in place, and 
then fill in the slab-panels on forms supported from the rings and ribs. 

Since the span of the dome is 132 ft, the circumference at the base is 414.7 
ft. Because of the suspension of the panel forms, it is well to keep the 
panel-widths within about a 20-ft limit. Hence twenty ribs are necessary. 
With three intermediate rings, the lower panels are approximately square. 
The rings are not to show below the ceiling, and hence a narrower spacing- 
toward the top is unnecessary for appearance. For preliminary calculations, 

* The usual practice has been to keep the resistance-line within the middle third in 
arches generally. In reinforced-concrete arches and domes it may depart a small dis¬ 
tance outside the middle third, but there should be sufficient steel to resist any tension 
developed. The ribs of domes differ from ordinary arches as they are rigidly braced 
by the rings and the slab-panels. 

fThe dome of this example is similar to the dome over the Hippodrome at Copen¬ 
hagen, Denmark, by Christiani and Nielsen. 

t In the solution of this example all calculations have been made with the slide-rule. 
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allowing 1 100 lb per lin ft for the eye-ring and the load due to a glass covering 
over the eye, 250 lb per ft for the weight of the ribs, and 150 lb per ft for the 
weight of the intermediate rings; and assuming a slab-thickness of 3}^ in, a 
suspended plaster ceiling % in thick, and 25 lb per sq ft of surface for snow¬ 
loads and wind-loads (or an equivalent of a 2-in thickness of concrete), the 
loading on the ribs is as shown in Diagram A of Fig. 5. To illustrate the 
method of determining the loads, the calculations for the loading at the 
lower intermediate ring are given. The weight of the rib is 250 X 17.39 

, r«, • «^ 2 X ir X 85 X sin 39° 14' 

•4 347 lb. The weight of the ring is 150- rr - 

20 

- 2 534 lb. The weight of the shell and ceiling between Q - 33° 21' 

and 0 — 45° 5' is, from the curves in Plate II, with — - 0, 

a 

(85)2(1 03) 

- - 15 5701b 

The total dead load is 


15° ) (85)* (1.84) - 150 

20 


4 347 + 2 534 + 15 570 - 22 451 lb 


The total live load is 


15 570 X 2 

3 y 2 + % 


7 330 lb 


The stress D 4 (see method in Fig. 4a), in the lower section of the rib is the 
largest, and according to Schwedler’s formulas, is 


6 600 + 15 301 -f 22 908 -f- 29 781 
sin 45° 5' 


105 400 lb 


The eccentricity of the stress D 4 is 

85 - (85 cos 5° 51') - 0.445 ft 
The moment due to the eccentricity of D 4 is 

105 400 lb X 0.445 ft - 46 903 ft-lb, or 562 836 in-lb 

To resist the column-like compression of Z) 4 there is required a cross- 
sectional area of rib of 

105 400 

— - 211 sq in of concrete 
500 

To resist the effect of the eccentricity of the stress D 4 , it is necessary to 
insert enough steel so that the total stress in it, multiplied by the distance 
between the top and bottom steel reinforcements, is equal to the moment, 
562 836 in-lb, already found. 

Since the eccentricity of Z? 4 is 0.445 ft, and the line of action of the thrust 
is to be kept within the middle half of the rib, the rib will be 

4 X 0.445 - 1.78 ft - 21% in in depth 
Allowing l}^ in of concrete for steel-protection at the top and bottom of the 
rib, the distance between the inner and outer reinforcements is 
21 % — 3 ■■ 18^ i& 

Therefore a stress of 

562 836 

l&'A 


30 424 lb 
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is to be resisted by the steel at the top and bottom. Since there is steel in both 
compression and tension, the allowable unit stress in it is 


r 650 X 18H\ 

, 21 X ) 


(IS - 1 ) 


7 830 lb per sq in 


This is because the allowable compressive unit stress in the outer fibers of con¬ 
crete beams is 650 lb per sq in; the ratio of the modulus of elasticity of the 
steel and of concrete, 15; and the distance between the inner and outer steel 
reinforcements, and the distance of the rib-depth, 18and 2lJ^ in, respec¬ 
tively. The 1 in the expression (15 — 1) is to take care of the stress carried 
by the concrete replaced by the steel. 

The total cross-section of steel necessary at both the top and bottom of 
the rib is, therefore, 


30 424 
7 830 


3.89 sq in 


furnished by four l;Hj-in round rods. The best arrangement of the 211 sq in 
of concrete, and the steel, results in a cross-sectional shape shown in Diagram 
B of Fig. 5. The stirrups should be spaced not more than three fourths of 
the distance between lines of longitudinal steel, or % X 18}^ — 12 in (ap¬ 
proximately), and they should be made from j^g-in round rods. Because of 
the ties in the flanges, it is advisable to use small J4-in rods as stiffeners 
at the intersections of the ties and stirrups. Projecting loops should be left 
for fastening the panel-slabs. The actual weight per linear foot of the ribs is 

211 

— X 150 - 220 lb 

144 

for the concrete, plus 

(4 + 3.38) + 11 - 25 lb 

for the steel, equal to a total of 245 lb, as against 250 lb per lin ft previously 
allowed in the calculations. 

As the ribs are to be precast and raised into place, it is necessary to deter¬ 
mine whether they are of sufficient strength for this, and whether they will 
stand, unsupported by the rings, without breaking under their own weight. 
By considering the ribs to be simple arches, and testing them by determining 
the line of thrust, it is found that they are amply safe. In order to resist the 
thrusts or stresses developed by raising the ribs into place, it is necessary to 
tie the ends together with bow-string rods. 

The stresses in all of the rings, except the footing-ring, are compressive. 
This is because they are all above the critical angle. (See Smooth-Shell 
Domes.) Therefore, in determining the stresses by Schwedler’s formulas, 
only the equations for the minimum values of 2\, Ti, Tj, and T\ need be used. 

The stress in the eye-ring is 


(5 750 + 850) cot 9° 55' 

’“is 


120 600 lb 


The stress in the first immediate ring is 

(5 750 cot 9° 55Q - (5 750 + 12 146 + 3 155) cot 21° 38" 

. 7T 

2 sin —- 
20 


- 65 000 lb 
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The stress in the second intermediate ring is 

f (5 750 + 12 146) cot 21° 38' - (5 750 + 12 146) 
[ + 17 573 + 5 335) cot 33° 21'_ ) 


2 sin 


20 


The stress in the third intermediate ring is 

|(5 750 + 12 146 + 17 573) cot 33° 21'- (5 750 + 12 146 
\ 4- 17 573 + 22 451 ± 7 330) cot 45° 5'_ 


- 53 900 16 


- 35 6001b 


The stress in the footing-ring is tensile, and hence the equation for the max¬ 
imum value of 2 \ gives 


I (5 750 + 850 + 12 146 + 3 155 + 17 573 + 5 335 
1 + 22 451 + 7 330) rot 45° 5' _ 

2sin To 


238 000 lb 


120 600 

The eye-ring should have ——— — 242 sq in of concrete, but for appear¬ 
ance it should be as wide as or wider than the ribs; hence it is made 2lJ^ in 
high and 16 in wide. This size allows, also, a firm anchorage for the rib- 
reinforcing. With 1% of reinforcing it requires four lj^-in round rods. 
(See Diagram C, Fig. 5.) The first intermediate ring should be 


65 000 
500 


130 sq in 


in cross-section, requiring a 7-in width and a 18^-in height, to resist the load, 
as a column. As the ring must also act as a beam, carrying its own weight, 
the weight of half the slab, and the live load (the forms taking the place of the 
live load during construction), steel must be added to resist the bending 

MOMENT 

/130 \ (lir 85 sin 15° 47'\ 2 /6 710+3 155\ /2tt 85 sin 15° 47' 

gg (lii Xl5 °) ( — 10 - ) + [-2-) ( .- 20--" 

12 ” 12 
- 3 S70 ft-lb - 42 840 in-lb 


Sufficient steel, in tension and compression, must be added to keep the addi¬ 
tional stress in the concrete, due to this moment, down to 150 lb per sq in, 
since 500 + 150 =» 650 lb per sq in is the maximum allowable compressive 
stress in the concrete of the beam. From standard formulas for Reinforced 
Concrete. 


K 


42 840 


7 X (17)a 


and when K - 21.2 and St - 16 000 lb per sq in; S c — 245 lb per sq in, p - 
0.0014, and x - 0.185. Since Sc must not exceed 150 lb per sq in, it is neces¬ 
sary to add compression-steel to resist a stress of 

^24S_-JS0^ (7) (Q lgJ x 17) _ t 040 lb 
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The allowable stress in the compression-steel, less the stress already allowed 
for the concrete which is replaced by the steel, if placed 1 }^ in from the out¬ 
side, is 

( o-it^xn ) ( (0-18S x 17) " 1-5 ) (15 " !) " 4 770 lb per s< * ia 

The amount of compression-steel is, therefore, 


= 0.22 sq in, cross-section 

4 / /0 

The tensile-steel necessary is 

0.0014 X 7 X 17 - 0 16 sq in 

but because of the nfgative moment at the ribs, the same cross-sectional area 
is used as for compression, that is, 0.22 sq in, furnished by two JHJ-in round 
rods. The unit-shear is 


OS x iso ) ( 


2ir 85 sin 15° 47 


20 


-) + 


7 X 17 X 




X 2 


18.6 lb per sq in 


No stirrups are necessary to resist shear, but stirrups made from 3 4 -in round 
rods should be spaced about 18 in on centers, to tie the panel-slabs securely to 
the ring. 

The second intermediate ring, if made the same size as the first, will 
have a stress of 

53 900 

lbpersqm 

The moment will be 


(1H( 


'2tt 85 sin 27° 31'\ 2 


20 


^1 1 3 ?5 4- 5 335 ^ ^ 2v 85 sin 27° 3^ 


12 


= 10 300 ft-lb « 123 600 in-lb 


From standard formulas for Reinforced Concrete, K «=* 61 2 ,S C *=» 455 lb per 
sq in, p =• 0.0043, and x = 0.3. Since S c cannot exceed 650 — 416 ■» 234 lb 
per sq in, the compression-steel must resist 

( 455 ~- 23 - 4 j (7) (0.3 X 17) - 3 930 lb 

The section-area of the compression-steel is, therefore, 


3 930 


(oTTT?) ((0-3X17) - 1 . 5 ) (15-1) 


0.62 sq in 


furnished by two %-in round rods at top and bottom. The unit shear is 


/130 \ /27t 85 sin27°3l'\ 2 /ll 

(«*'”)( 20 - )*(- 

7 X 17 X (l - jj X 2 


375 + 5 335 ^ 


- 46.9 in per sq in 
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It is therefore necessary to resist 46.9 — 40 - 6.9 lb per sq in of shear, with 
stirrups, that is, with two ?^-in round-rod stirrups, spaced 12 in apart at the 
ends, and the others 18 in apart through the remaining distances. 

The third intermediate ring is 7 by 18% in in section, with two J's-in 
round rods at top and bottom, and with two 3 g-in round-rod stirrups, spaced 
9 in apart at the ends, two more, spaced 12 in, and the rest spaced 18 in. 

The moment due to the eccentricity of the column-like thrust, that is, 
the longitudinal horizontal compressive stress, in the rings is resisted by the 
slabs. A more exact analysis may be made by considering only the normal 
components of the loads on the rings in determining these moments. 

The footing-ring must have enough tensile-steel to resist the outward push 
. 238 000 . 

or thrust of the ribs, that is - ■ —- - =» 14.9 sq in of steel cross-section. In 
16 000 

addition to this, if the ring acts as a beam, there must be sufficient steel to 
resist the moment due to the combined weights of the dome and the ring itself. 

The panel-slabs being domical and above the critical angle, are in com¬ 
pression, and should be designed as illustrated in the discussion of Smooth- 
Shell Domes. 

2. Vaults* 

Classification. Vaults may be conveniently considered under the following 
divisions: (1) Barrel vaults, (2) Groined vaults, and (3) Ribbed vaults 
(Masonry, Tile, or Framed). 

General Considerations. A knowledge of the elastic theory of arches 
and the stability of buttresses is necessary in a rigid investigation of vaults, 
since their design involves the application of the principles of that theory. 
(See, also, Chapters VII and VIII.) In any vault, lines of action of the 
stresses or thrusts must pass through the material between certain limiting 
lines; otherwise the vault may fail. These thrusts are brought to the grade¬ 
line, or to foundations, by walls, often buttressed in the case of barrel vaults, 
and by piers and buttresses in the case of groined and ribbed vaults. By 
building vaults of light materials, such as hollow bricks or hollow tiles, the 
magnitude of the thrusts are decreased, and lighter walls, piers, or buttresses 
can be used. 




Fig. 1. Three Methods of Building Barrel Vaults 

Barrel Vaults. Fig. 1, (a), (b ), and (c), illustrates three methods of building 
barrel vaults. In (c) the longitudinal ribs are merely for appearance, as 
they do not strengthen the vault. The diagrams (a) and ( b ), Fig. 2, illustrate 
two methods of disengaging the masonry of barrel vaults from the walls. 
Diagram ( b ) is the better method, and improves the appearance of the vault 

* A full treatment of this subject may be found in the Handbuch der Architektur 
and Breyman's Baukonstructions Lehre. 
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on the inside. Diagrams (c) and (d) illustrate the use of stone skewbacks foi 
segmental vaults. 

Strength of Barrel Vaults. Barrel vaults may be considered as a series 
of arches set next to each other; and hence if a section one unit long is found 
safe when investigated as 
an arch, the vault itself is 
considered safe. By build¬ 
ing the wall and the vault 
together as a unit, to a point 
on the arc 60° from the 
vertical or crown, that is, to 
a point on the intrados one 
third of the distance from 
the horizontal spring-line, 
the actual span is mate¬ 
rially decreased. With the 
spring-line at 60°, the line of 
thrust in an unloaded arch 
or barrel vault of an equal 
thickness throughout, will 
remain within a strip whose Fig. 2. Methods of Joining Barrel Vaults to Walls 
radial thickness or width is 

about one forty-second of the radius. If the line of thrust is to remain 
within the middle third of the arch-ring or vault-ring, / should be (r/42) X 
3 ■■ r/14. If it is to remain within the middle half, t should be (r/42) X 
2 - r/21. In the following example, the theory of the middle half will be 

followed, in which t — 
q r/21. If it were assumed 
that t — r/14, the line of 
thrust being kept within 
the middle third, the span 
of the vault in the example 
would have to be changed 
from 21 to 14 ft. If built, 
then, as described (Fig. 3), 
the minimum thickness of 
the unloaded vault-shell 
is about one twenty-first 
of the vault-radius, that 
is, 

t - r/21 

The VERTICAL COMPONENT 
P v of the thrust P is equal 
to the weight of half the 
free vault, that is, of the 
section A BCD, It can be 
Fig. 3. Analysis of Barrel Vault shown that the HORIZON¬ 

TAL COMPONENT Ph of the 

thrust is 0.79 of the vertical component, and that the thrust is not at right* 
angles with the spring-line AB\ that is, 




Ph - 0.79 P 
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Example. It is required to construct a barrel vault over a corridor 21 ft 
wide. The vault-radius is 10j^ ft, and the minimum thickness of the shell is 
10.5/21 - 0.5 ft « 6 in. If built of bricks it is cheaper to build a ribbed 
vault, as the unit-dimensions of bricks are approximately 4 in, 8 in, 12 in, etc. 
Referring to Fig. 4, it is found that a 4-in vault with ribs 4 by 8 in every 3 ft 



Fig. 4. Barrel Vaults, Ribbed and Non-ribbed. Equivalent Thicknesses 


3 in, is equivalent to a 6-in vault, and hence would be used. The brick 
masonry weighs 125 lb per cu ft. 

The vertical component P v of the thrust is 


[4/12 X 3M X l/3x X 10 5 X 125] + [4/12 X 8/12 
X l/3ir (10.5 -f 0 33) X 125] 


557 lb per lin ft 


The horizontal component Ph of the thrust is 0.79 X 557 - 440 lb per lin ft/ 
The supporting wall must be thick enough, buttressed enough, or loaded suf¬ 
ficiently from above, to take care of this horizontal component of the thrust. 

Fig. 5 is a graphical analysis of the stresses in this vault. It will be noticed 
in Fig. 5 that the line of pressure remains in the middle half of the vault- 
thickness. Scheffler, after numerous tests of vaults, stated * that if one fourth 
the vault-thickness is deducted at the extrados, and one fourth at the intra- 
dos, and that if the line of pressure found according to the elastic theory 


* Theorie der Gewdlbe. 
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of arches is confined to the remaining portion, that is, the iczoole half, then 
the vault may be considered safe. Fig. 6 shows the resistance-line passing 
slightly outside the middle third. It illustrates the less conservative +heory 



that the resistance-line might in some cases pass near the outside of the 
middle half. The arch or vault in Diagram ( b ) of Fig. 6 would have a greater 
tendency to fail according to the middle-third theory, because the line of 
pressure or resistance-line passes outside of the middle third. Diagram (a) 



of Fig. 6 shows the same arch or vault with the shell cut so that the line of 
pressure passes down the exact center of the uncut portion. This results in 
a sort of theoretical or ideal arch-form. Of course the thickness of part c 
must be sufficient to develop a 9afe compressive resistance in the material, 
and it is advisable to add sufficient steel to take care of any tension in the 
parts farthest from the resistance-line. Vaulted construction is often rda« 
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tivdy protected and free from the live loads and moving loads to which 
arches are generally subjected; and for such construction Scheffler’s conclu¬ 
sions are considered valid. 

Groined Vaults. A groined vault is formed by the intersection of two 
barrel vaults. (See (a), Fig. 7.) By using groined vaults it is possible to 
bring the tops of windows and doors above the spring-lines of the vaults, and 
to concentrate the pressures or thrusts on piers or columns. 

Groins. The intersections of two vaults, called groins, are straight lines in 
horizontal projection, only when they are of the same curvature and height. 
If the vaults are of different widths, it is best to make one semicircular, draw 
the horizontal projections of the groins as straight lines, and then determine 



Perspective, Showing Penetrations and 
Intersections 


Intersecting Vaults of Different 
Widths 


Fig. 7. Groined Vault 


the contour of the other vault. This is illustrated in Fig. 7 ( 6 ). Vault A is 
semicircular and has a span A. Vault B has a span B. CC are the groins, 
and D is the circular contour of the narrow vault. Any points, a, 6 , c , etc., 
are chosen at random, and lines a-<Z 2 , b-b 2 , c-c 2 , etc., and a-a it fr- 6 4 , c-c 4 , 
etc., drawn parallel to the axes of the respective vaults. The line a*-a 4 is 
laid off equal to ai-a^; 63 - 64 , equal to 61 - 62 , etc. The smooth curve con¬ 
necting a 4 , 6 4l c 4 , etc., is the contour E of the vault B. In like manner the 
contour F of the groins is found by similarly laying off asrao, bg-ba, etc., 
equal to 01-02, 61-62, etc. 

The vault-shells, at the intersections or groins, should never have what 
might be called miter-joints. The vaults should be monolithic or there 
should be concealed ribs to carry the vault-shells and transmit the thrusts 
to the piers. If the intersecting vaults are of stone, and of the same diame¬ 
ter, the groins may be built as shown in Fig. 8 (a) for small vaults, or as in 
Fig. 8 ( 6 ) for larger vaults. In Fig. 8 (a) the groin-stones are L -shaped 
and are cut so as to carry the stone courses of one vault around to the other 
vault. The stone shown in Diagram (a) of Fig. 8 is shown in plan at 6 , 
with two views at c and d. A better method is shown in Fig. 8 ( 6 ). Here 
the groin-stones are cut so that the joints are normal to the groins, thus form¬ 
ing concealed ribs. This bearing-surface is obtained as follows. Point a, 
the intersection of an extended vault-joint and the groin-edge, is projected 
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down to o' and b\ the intersections of the projecting line and the assumed 
side and center lines of the rib. Point 6' is projected up to 6", a point on the 
center line or edge of the rib. From fc" a horizontal line intersects with a 
line projected up from a' to give c" a point on the joint, which is drawn 



Fig. 8. Groin-details for Stone Vaults of the Same Diameter 


normal to the groin. The intersection d ff of this joint with the groin-edge 
is projected down to d f on the center line of the rib. By connecting a' and 
d', and d' and e' (the point opposite a' on the other side of the rib) with a 
curved line, the lower edge of the bearing-surface is determined. 
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Points d ' and c' projected up determine d and e t the same points in eleva* 
tion. Other points on these curved lines can be found by choosing points 
between a and d and projecting them in the same way as in the method used 
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surfaces of the vaults. A horizontal line is projected over from g" to/", the 
point of intersection with the normal joint. The point /" is projected down 
to /', on the projecting line from /. By connecting /' and W (W is opposite 
/' and equidistant from the center line of the rib) with a straight line, the 
upper edge of the bearing-surface is determined. The point h is found by 
projecting ip from h'. By connecting a' and/', and e' and h also a and/, 
and e and h , the side edges of the bearing-joint are located. The lower 
bearing-surface of a stone, or the upper bearing-surface of the next lower 
stone, is found in a similar manner. 

If the vaults are not of the same diameter, either of two methods may be 
used. The number of stone courses in both vaults may be made the same, 
thus making the courses in the wide vault wider than those in the narrow 
vault, and the method of finding the shape of the groin-stones is similar to 
that shown in Fig. 8 ( b); or the stones may be the same width, thus making 
a greater number of courses in the wide vault than in the narrow vault. In 
the latter case the groin-stones are determined as in Fig. 9. To take care of 
the different number of courses in the two vaults, one course in the narrow 
vault is sometimes made to receive two courses in the wide vault, as shown 
by stone A in Fig. 9. Because the joint a is higher than the joint b, there results 
a peak toward the side of the groin-line. This is cut off at right-angles to 
the groin, thus making the bearing-surface c. 

This surface is determined as follows. The 
intersection of the joint-planes d and e is at /. 

The vertical projection/i, of /, is drawn through 
i\, found by projecting up h and g, and a hori¬ 
zontal line from gi. The intersection of f\ and (a) 

a line through gi, normal to the groin-curve 
gives #i, which, projected to i, gives the inter¬ 
section of the sides of the bearing-surface c. 

The point / is found by projecting up k, the 
intersection of a and the diagonal, to k\\ then 
projecting k\ to /i, the intersection with the 
normal line; and then projecting/i to/. By 
connecting g and / with a curved line (other 
points of which are determined by drawing 
lines parallel to a and proceeding by the 
method used in finding j ); and g and i , and / 
and *, with straight lines; the sides of c are 
determined. 

If the vaults are built of brick, it is better to W 

run the courses at right-angles to the groins, Fig. 10. Groins of Brick Vaults 
thus giving a chance for the bricks to over¬ 
lap, as shown in Fig. 10. If the brick courses are to run parallel to the center 
line of the vaults, it is necessary to use stone ribs to carry the shell. 

Determination of the Stresses in Groined Vaults. The problem of a 
groined vault spanning a rectangular area which is not square, is here 
considered, as a vault spanning a square area offers fewer difficulties and 
can be worked out on the same principles. The problem is to span an area, 
whose half-length of the short diameter is a, and whose half-length of the long 
diameter is b, Fig. 11 (a). In order to obtain a more stable construction, the 
point of intersection of the crowns of the vault is raised a distance cd - c'd, 
thus giving the crown of the long-span vault a slope ce and the crown of the 
short-span vault a dope c'j. The vault is divided into strips A % B % C, etc* 





*V*r'+u* 
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and A\ B', C f , etc., from the rib R, as shown in the projected area in Fig 
11 (a). The rib R is given a width equal to the assumed width of the sup- 
porting diagonal concealed arch, and the widths A , B, C, etc., and A', B', 
C', etc., are obtained by dividing the two vaults into the same number of equal 
parts. These strips are considered as adjacent arches resting on the rib R. 
For simplification the line of pressure or resistance-line of each strip is placed 
in the center of that strip as gk in A and g'k' in A'. The error in this is on 
the side of safety. 

Even though the projected areas of the two intersecting vaults are the same, 
the actual surface-area of the smaller-span vault is slightly larger than that of 
the longer-span vault. Therefore, if the vaults are of the same thickness, the 
shorter-span vault is slightly heavier than the larger-span vault. In order to 
have the resultants of the horizontal components of the thrusts from strip A 
and strip A', strip B and strip B', etc., parallel to the direction of the rib R , 
the procedure is as follows. 

The thrusts of the strips on the heavier side, that is of strips A, B, C, D , E, 
and F, are determined as shown in Fig. 11 ( b ) and (c). The curvature of 
the strips being the same, the work can be considerably lessened by dividing 
the arch into sections of unequal lengths for weight-determinations. The 
dividing line for the sections is found, by projecting up the point of intersection 
of the line of pressure of each strip and the side of the rib R , as g to g', h to h\ 
etc. The weights w\, w 2y iv 2 , etc., of each section are then determined and 
the composite load-line drawn as in Fig. 11 (c). The positions of Wa, W b, Wc, 
etc., in Diagram (b ) are determined by the usual stress-polygon. H is 
then drawn so as to be at the upper limit, and the different thrusts so as to 
act near the lower limit of the middle half of the vault-thickness.* Lines 
drawn in Fig. 11 (c) parallel to these thrusts, determine their values, and the 
values of the horizontal components Ha, Hb, He, etc. The weights w'i, 
w' 2y w'j, etc., in Diagram (d), are found in the same way, the load-line in 
Diagram (/) drawn, and the positions of Wa', Wb', Wc', etc., found as 
before. H' in Fig. 11 (d) is drawn, at the upper limit of the middle half in 
this demonstration.* IIa', Hb', He', etc., however, must have such values 
that the resultants of Ha, and Ha', Hb and Hb', etc., are parallel to R. 
The required values of Ha', Hb', He', etc., are found as in Fig. 11 (e), by 
laying off Ha, II b. He, etc., and drawing T\, T 2y 7j, etc., parallel to R. The 
resulting values of Ha', Hb', He', etc., are then laid off in Fig. 11 (J) and the 
thrusts drawn. When drawing the thrusts in Fig. 11 (d) through the inter¬ 
section, of H' and Wa', II' and Wb', etc., parallel to their directions in Fig. 
11 (/), it is found that they act very slightly above the lower edge of the mid¬ 
dle half. 

The rib R is then drawn as in Fig. 11 ( h ) and the points of application of the 
loads located. The load-polygon is drawn as in Fig. 11 (g). The result¬ 
ants Ri, R 2y etc., are drawn in both Diagrams (/*) and (g) of Fig. 11, the 
position of X in Diagram ( h) found by the usual stress-polygon, and the 
thrusts Z and Y determined. The point through which Z, Diagram (k) t 
passes at the spring of the rib, should be so chosen that the line of pressure 
remains at least within the middle half of the rib; or the more usual and con¬ 
servative limits of the middle third may be used. In the case of brick vaults 
the strips A, B, C, etc., are taken at right-angles to the groin, resulting in 
vertical loads, only, on the assumed rib. 

Ribbed Vaults. In ribbed vaults the ribs are designed to be built first, 

* The theory of the middle third is the one usually followed, as it is the most conserva¬ 
tive and results in a larger factor of safety. 
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to be tree-standing, and of sufficient strength to support the shell when it is 
placed over them. To simplify the construction, all the rib-arcs are ordinarily 
made with the same radius, thus making all the ribs disengage each other at 
the same height. This makes the narrower rib-arches pointed, and the diag¬ 
onal rib-arches semicircular, but they are all constructed of similar stones 
with cross-sections of the same shape. To determine the points A and B 
(Fig. 12), at which the ribs become independent of each other and of the wall, 
the proceeding is as follows. In plan the clustered ribs are shown just above 
the column-capitals, with the diagonal ribs extending into the wall a distance 
ab. To find the height at A , draw an arc through a with the same curvature 
as that of the diagonal rib, and draw at right-angles to the ribs, in plan, a line 
from b, until it cuts this arc at c. The height cb is the height at A . The 



height at B, equal to/e, is found in the same way. The webs, or parts of the 
vault-shell supported by the ribs, are usually shallow arches in cross-section, 
and are spherical triangles, that is, they are domical. 

In order to use to the fullest advantage the finished lower portions of the 
vault as supports for the upper courses as laid, the courses of the vault- 
shell, or web are laid in planes normal to the wall and the transverse ribs. 
This is shown in horizontal projection in Fig. 13 I. The web being 
arched in both directions, the thrusts act in two directions, as in domes. 
From the study of the theory of domes it is found that the thickness of the 
shell in a dome has no effect on its stability. The web in ribbed vaults 
being domical, can be made relatively thin, but for stone or brick vaults it 
should not be less than about 4 in thick for spans up to 35 ft. 

The ribs are designed as arches, loaded with the thrusts of the web sup¬ 
ported. These thrusts are determined as illustrated in Fig. 13 II. The 
vaulting resting on the half-wall, or transverse rib A, and the half-diagonal 
rib B , is divided into any number of equal lunes, or figures bounded by the 
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two intersecting arcs, and radiating from the axis op the dome of which 
that part of the vaulting is a spherical triangle. This axis is found 
by projecting, at right-angles from the ribs A and B , lines starting at the 
center of curvature of the ribs and intersecting at the point e, which is the 
projection of the axis of the dome. The radius of the dome is then R\ in 



Fig. 13 II, equal to the distance from z to the spring of the diagonal rib B, 
The thrust of each lune on the ribs is then found as shown for lune L. 


Example. Let the radius R lt Fig. 13 II, be 25 feet, and let the shell be 4 in 
thick, constructed of stone, and weighing 125 lb per cu ft. The angle 9 
(by measurement) is 54° 30', and the angle a is 18° 30'. These are found by 
projecting up from the point of intersection f of the center line of the lune L 
and the center of the rib £, and the intersection g of the center line of the 
lune L and the crown-line of the vault, to f\ and gi, respectively, on the ver¬ 
tical projection Li of the lune L. 

Using the same notation, equations, and curves as were derived for smooth 
shell domes (Article 1), it is found from Plate II, with — - 0 and a «• 18° 


30', that 
and that 


Wi -o - - 125 (4/12) (25)2 (0.33) - - 8 594 lb 
— 8 594 

ft mm .. mm — 0.0525 

2ir (125) (4/12) (25)» 
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From Plate I it is found that the critical angle, for values of — - 0 and 

a 

» ■ - 0.0525, is 55° 30', and the vaulting should be back-filled as high as this, 
as shown. 

From Plate III, with — - 0. and n - - 0.0525, it is found that at 6 - 54° 
a 

30 / 

V - (125 X 4/12 X 25) (-0.079 + 0.63) - 573 lb 

By measurement, the width of lune L at / is 2 ft; hence the total tangential 
pressure C (Fig. 13), is 2 X 573 - 1 146 lb. The horizontal component 
D of this is 6 655 lb, and the component F (along the rib B) of D is 5 750 lb. 
The vertical component E of C is 9 339 lb. 

The value of T is found from Plate IV to be 125 X 4/12 X (25) 2 X 
(—0.004 4* 0.295) = 7 570 lb, and the component H (along the rib B) of 
T is 3 630 lb. 

The thrusts acting on the rib B of the other lunes above L are found in 
the same way, and the portion of rib above the back fill investigated as an 
arch. In Fig. 13 that portion of the rib below the web is not indicated. 

For vaults with semicircular diagonals of about 33-ft span, the ribs should 
be from 7 to 10 in wide and from 10 to 14 in in total height, and the minimum 
dimensions of the projecting portions of the ribs below the webs, for smaller 
vaults, should be 3j^ in width and 6 in in height.* 

Tile Vaults. Tile vaults, as built by the R. Guastavino Company, are 
constructed of tiles, from 6 by 12 to 24 in in plan, and 1 in in thickness, and 
laid in several layers so as to make a solid, thin shell that is both light and 
strong. Because of the overlapping of the tiles, the shell has considerable 
tensile resistance, and the vaults are practically monolithic. It is due to 
this and to the lightness of the construction that the thrusts and the weight of 
the entire structure are materially reduced. Ordinarily a finished acoustic 
tile, backed by rough constructional tile, is used for the exposed surfaces. 

Framed Vaults. Vaulting in buildings of moderate cost is frequently 
constructed by suspending from the roof-trusses steel or wooden frames 
carrying lath and plaster. The roof-trusses must in this case be designed to 
carry the direct loads of the framed vaulting, which must be of the required 
strength and shape to carry and fit the plastered surfaces. 


* Handbuch der Architektur. 
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CHAPTER XXX 

HEATING AND VENTILATION OF BUILDINGS* 

By 

LOUIS A. HARDING 

FORMER PRESIDENT OF THE AMERICAN SOCIETY OF HEATING 
AND VENTILATING ENGINEERS 

Physical Units and the Measurement of Heat 

System of Units. In this country the system of units in general use by 
engineers is known as the foot-pound-second system, and the following 
definitions and examples will show the significance of each. 

Definition of Units Employed. The unit of time is the second, which is 

equal to - ■ • part of the mean solar day. / — time. Time is also expressed 
86 400 

in minutes and hours. 

L m length. The unit of length is the foot — 0.3043 meter. 

W ■» weight. The unit of weight is the pound - 0 4532 kilogram. 

A — area. The unit of area is the square foot. The unit often used is 
the square inch. 

V — volume. The unit of volume is the cubic foot. Volume • area X 
length - A X L. 

Example. The volume displaced per stroke by the plunger of a pump, if the 
diameter is 6 in and the stroke is 12 in, is X ir X 6* X 12 m 339.29 cu in, 
or 0 196 cu ft. 

If the plunger makes 30 working strokes (not revolutions) per minute, then 
the plunger-DiSPLACEMENT per minute is 0.196 X 30 •* 5.88 cu ft. One 
United States gallon - 231 cu in - 0.1336 cu ft. This pump will therefore 
theoretically deliver 5.88/0.1336, or 44 gal per minute. The actual delivery 
of the pump will be 10 to 15% less, owing to the slip, which is the leakage back 
through the pump-valves, around the plunger, and that due to imperfect 
filling of the pump-cylinder on the suction-stroke. 

Density. D = density. The weight of a unit volume (1 cu ft) of a sub¬ 
stance is called its density. The density of water at 70° F. is 62.3 lb per cubic 
foot. The density of air at 70° is 0.075 lb per cubic foot. The pump in the 
preceding example would, therefore, handle 5.88 X 62.3 or 366 lb of water 
per minute. 

If the water-end of the pump is operated by a steam-cylinder having a dis¬ 
placement of 0.349 cu ft per stroke, and takes steam at the same pressure for 
the full stroke as in the direct-acting type and if we assume that the steam- 
pressure is 100-lb gauge, we find from the steam-table (Table I), that the 
density of steam at this pressure is 0.2565 lb. The steam-consumption of the 
pump, therefore, would be 0.2565 X 0.349 X 30 X 60 ■■ 161.6 lb per hour, 
theoretically. A fan handling 10 000 cu ft per minute of air at 70° F, delivers 
10 000 X 0.075 — 750 lb per minute. 

* The data of this section have been largely condensed from Vol. I of Mechanical 
Equipment of Buildings, by Harding and Willard, published by John Wiley & Sons, Inc, 
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Velocity, v «• velocity. The rate of motion of a body is measured by the 
distance passed over in a unit time. Velocity is expressed in feet per second. 

Energy or Work. U « energy or work. The unit of work is the foot* 
pound, and is the quantity of energy expended or the work performed by a 
force of 1 lb moving through a distance of 1 ft in the line of action of the force. 

Power is the rate of doing work. Note that power involves the factor 
time and is equal to the amount of work done divided by the time required to 
do this work. 

Horse-Power, h.p. « horse-power. The unit of power is the horse¬ 
power and is the performance of work at the rate of 550 ft-lb per second, or 
33 000 ft-lb per minute. 

Example. Required the theoretical work and horse-power developed by the 
water-end of the pump in the preceding example, assuming that the head or 
the height pumped against is 200 ft, and that no frictional resistance is to be 
overcome. 

The work Um performed per minute is the lifting of the weight of water, W, 
366 lb per min, through a height of 200 ft and is Um «=* 366 X 200 « 73 200 
ft-lb per min. The h.p. - C/m/33 000 - 73 200/33 000 - 2.22. 

The actual power required will be somewhat greater, as the force required 
to overcome frictional resistance, etc., has been neglected. 


Equivalent Values of Electrical and Mechanical Units 




746 watts 


1 

l 000 watts 



0 746 kilowatt 


I 

1.34 h.p. 

1 horse-power 


33 000 ft-lb per mm 

1 kilowatt 

I 

44 220 ft-lb per min 


550 ft-lb per sec 


I 

737 6 ft-lb per sec 



^ 2 546 Btu per hr 


1 

3 412 Btu per hr 


Measurement of Pressure. It is customary to measure pressure by 
means of gauges which, in reality, only indicate the difference between the 
pressure being measured and the pressure of the atmosphere, barometric 
pressure, at the same time and place. These gauges may indicate either 
a higher or lower pressure than that of the atmosphere; in the former case 
they are known as pressure-gauges and in the latter as vacuum-gauges 
or draft-gauges. 

Pressure-Gauges and Vacuum-Gauges. The most common type of pres¬ 
sure-gauge (Fig* 1) is provided with a flexible hollow brass tube of oval cross- 
section known as a bourdon tube. When sub¬ 
jected to pressure, this tube tends to straighten 
out; and this causes a sector of a gear to mesh 
with a small pinion, which is on the same shaft 
with the indicating hand or pointer, and rotate 
the latter a corresponding amount. The pointer 
is placed just in front of a graduated dial, not 
shown in the figure, from which the pressure 
may be read in suitable pressure-units, such as 
pounds per square inch. These gauges may also 
be used for indicating vacuum, or a pressure less 
than that of the atmosphere. 

Draft-Gauges. The measurement of pres¬ 
sures but slightly above or below the atmos¬ 
pheric pressure, barometric pressure, is usually accomplished by the use of a 



Fig. 1. Single-spring Pressure- 
gauge. Interior View. 









Heat 


1563 


draft-gauge . This 19 essentially a U tube, containing either water, kero* 
sene, alcohol, or mercury, mounted upon a graduated scale, and reading either 
in inches of fluid or in pounds or ounces per square inch. Since the pressure 
indicated is a differential one, due to the left-hand leg being open to the air, 
the reading must be obtained by adding the depression in the left-hand leg to 
the elevation in the right-hand leg, using zero as the reference-point in both 
cases. 

Barometers. The pressure of the atmosphere is usually measured by a 
mercurial barometer (Fig. 2), which, in its simplest form, consists of a glass 
tube about 3 ft long, closed at one end. After 
being filled with mercury it is inverted in a shallow 
bath of mercury. The pressure of the atmosphere 
at sea-level maintains the mercury-column in the 
tube about 30 in above the level in the bath or 
cistern. The barometric height or length of this 
column of mercury varies with the altitude above 
or below sea-level. When the mercury in the tube 
falls, that in the cistern rises in corresponding pro¬ 
portion, and vice versa, so that there is an ever- 
varying relation between the level of the mercury 
in the tube and the mercury in the cistern, which 
affects the accuracy of the readings. It is, there¬ 
fore, necessary, before reading the height of the 
mercury-column on the stem of the barometer by 
means of a movable vernier, to adjust the level of 
the mercury in the cistern. All standard or observ¬ 
atory-barometers of the mercurial type have this 
adjustment. Barometers of other types, such as 
the aneroid barometer, must be frequently com¬ 
pared with a standard mecurial barometer in order 
to check the accuracy of their readings. 

Barometric Pressure. By barometric height is meant the height of a 
column of pure mercury at 32° F. which just balances the pressure of the 
atmosphere at the time and place of the observation. The standard or 
normal barometric pressure is defined as the pressure of a column of pure 
mercury 760 mm (29.92 in) high at 32° F. This is the normal barometric 
pressure at latitude 45° and at sea-level. Since the weight of 1 cu in of mer¬ 
cury under these same Conditions is 0.491 lb, the normal barometric pressure 
— height of mercury-column X weight per cubic inch — 29.92 X 0.491, or 
14.7 lb per sq in. This pressure of 14.7 lb per sq in is known as the absolute 
pressure of the atmosphere at latitude 45° and at sea-level. Now, since the 
ordinary pressure-gauge measures only pressures above or below that of the 
atmosphere, it is necessary to add the barometric pressure at the place in 
question to the gauge-reading to obtain the total absolute pressure 
corresponding to the pressure indicated by the gauge. That is, absolute 
pressure — barometric pressure + gauge-pressure. 



Fig. 2. Simple Barometer 


Heat 

Definition of Heat Heat is a form of energy. It is, in fact, the kinetic 
and potential energy of the molecules of which all substances, whether solid, 
liquid, or gaseous, are composed. Whenever the vibratory motion of the mole¬ 
cules composing a body of given mass is increased from any cause the thermal 
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kinetic energy is increased. The temperature of the body rises, its sensible 
heat increases, and the body feels warmer. 

Measurement of Temperature. Thermometry. Intensity of heat is 
measured by thermometers and pyrometers, the latter being used for high 
temperatures above from 400° to 500° F. In engineering work mercurial 
thermometers are very largely employed. These depend upon the uniform 
expansion of mercury to indicate changes in temperature. The unit of 
measurement is called a degree, and is capable of very exact determination, 
provided that two points, at which the heat-intensity is always constant, can 
be used as bases or references for calibration. The melting-point of ice and 
boiling-point of water at atmospheric pressure are usually selected as bases, 
and the uniform expansion of the mercury between these two points is indi¬ 
cated on a scale divided into 180, 100, or 80 divisions. (Fig. 3 ) Each of these 
divisions is known as a degree and the scales used are 
known respectively as Fahrenheit, Centigrade or 
Celsius, and Reaumur. The Fahrenheit scale is 
used almost exclusively in engineering in this country. 

Absolute Temperature. In addition to the three 
temperature-scales already described, physicists em¬ 
ploy what is kncwn as the absolute scale of tem¬ 
peratures, based on the so-called absolute 2ero of 
temperature, at which point no molecular vibration 
exists. This zero is conceived as 491.6° F. below the 
melting-point of ice (32° F.), it having been discov¬ 
ered that an ideal perfect gas would change in volume 
by 1/491.6 of its volume at 32° F. for each 1° change 
in its temperature, at constant pressure. Thus, if 491.6 
cu ft of gas, measured at 32° F., is cooled 20° F. at 
constant pressure, the new volume will be 471.6 cu ft. 
It is only necessary to add 491.6 — 32, or 459.6, to the 
actual thermometer-reading to get the absolute tem¬ 
perature. That is, T *■ t -f 459.6, where T — abso¬ 
lute temperature, and t actual thermometer-read¬ 
ing on the Fahrenheit-scale. For engineering-work, 
460° is used rather than 459.6°. For the Centigrade 
scale the relation is T «• t -f- 273.1. 

Measurement of Heat-Quantity. Calorimetry. 
Heat may be measured, since it is a form of energy, 

Fig. 3. Fahrenheit and in any °* the usual engr 8y” units » as the joule, foot- 
rVrvHarnHf* Th^rmometera FOUND, or HORSE-POWER HOUR. It is the Custom, hoW- 

g ever, to use for this purpose a special unit more readily 

applicable to heat-changes. This unit in the English system is known as the 
British thermal unit (Btu), and is the amount of heat required to raise 1 lb 
of water from 63° to 64° F. For all practical purposes in ordinary calculations, 
a Btu is the amount of heat required to raise 1 lb of water 1° F. 

Specific Heat. It is a well-known fact that equal quantities of heat will 
raise equal weights of different substances a different number of degrees, 
depending on the nature of the substances. This property of matter is known 
as specific heat, and for any substance can be expressed as the number of Btu 
required to raise or lower the temperature of 1 lb 1° F., at some given tem¬ 
perature. It is also customary to make use of the mean or average value for 
a certain temperature-interval. Two specific heats are recognized, one known 
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as the true specific heat, measured at the temperature stated, and the other 
as the mean specific heat, which is the average value between the tempera¬ 
tures under consideration. The specific heat of air at constant pressure is 0.24. 

Relation between Units of Energy and Power. Since the various forms of 
energy, heat, mechanical energy, electrical energy, etc., are mutually convert¬ 
ible, there must be definite numerical relations between the various units used 
to express energy. As determined by various physicists the relation between 
the Btu and the ft-lb is 

1 Btu - 777.64 ft-lb 

The number 777.64 is called the mechanical equivalent of heat and is 
denoted by 7. For ordinary use the value 778 may be taken. Another con¬ 
venient relation is: 

1 h.p - 2 546 Btu per hr 

Steam 

Properties of Steam. Steam is water-vapor, which exists in the vaporous 
condition because sufficient heat has been added to the water, from which the 
steam has been formed, to supply the latent heat of evaporation, and to 
change the liquid into a vapor. This change of state takes place at a definite 
and constant temperature, which is determined solely by the pressure of the 
steam. A change in pressure will always be accompanied by a change in the 
temperature at which ebullition or boiling will occur, and there will be a corre¬ 
sponding change in the latent heat. The properties of steam, together with 
other characteristics, are tabulated in the steam-tables. (See Table I.) 
Steam in contact with the water from which it has been generated is known as 
saturated steam, and may be known as dry saturated steam, or as wet 
saturated steam. The latter contains more or less actual water in the form 
of mist or priming, as it is called. If dry, saturated steam be heated, and 
the pressure maintained the same as when it was vaporized, its temperature 
will increase and it will become superheated; that is, its temperature will 
be higher than that of saturated steam at the same pressure. 

Sensible and Latent Heat Whenever heat is added to a substance, without 
change of state, its temperature is raised, and the heat thus added is known as 
sensible heat, as, for example, the heat added to water the temperature of 
which is between 50° and 140° F. Sensible-heat changes, as already stated, 
are measured by the thermometer. Heat may be added to a body without 
any change of temperature provided a change of state from solid to liquid or 
from liquid to vapor takes place, and the heat thus added is known as latent 
heat. When the change is from solid to liquid, as from ice to water, this heat 
is known as the latent heat of fusion. At atmospheric pressure ice melts 
at 32° F., and the latent heat is 144 Btu per lb. When the change is from 
liquid to vapor, as from water to steam, the heat required to effect the change 
is known as the latent heat of evaporation. At atmospheric pressure 
water evaporates at 212° F., and the latent heat is 971.7 Btu per lb. A con¬ 
ception of the relation between the properties or characteristics of steam, and 
the manner in which the changes of state, temperature and pressure are 
brought about, is described in the following paragraphs. 

Generation of Steam. Consider a frictionless cylinder (Fig. 4), containing 
1 lb of water at 32° F. Also consider the pressure of the atmosphere to be 
14.7 lb per sq in and to be replaced by that of the piston B . When heat is 
applied to the cylinder the temperature of the water rises until the boiling- 
point, 212° F., is reached. The heat necessary to raise the temperature from 
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32° F. to the boiling-point is known as the heat op the liquid or sensible 
heat, and is denoted by the symbol Q. This condition is denoted in Fig. 8 
by the point C. The average specific heat of water between 32° F. and 212° F, 
is 1; hence the number of British thermal units (Btu) necessary to raise the 
temperature of the water this amount is 212 — 32 or 180 Btu. 

When more heat is added the water begins to evaporate and expand at con¬ 
stant temperature until, as in Fig. 5, the water is entirely changed into steam. 
This condition is also shown in Fig. 8, by the point D. The heat thus added is 
known as the latent heat of evaporation and is denoted by the symbol r. 
This heat r is subdivided into two parts. (See Fig. 7.) First the attraction 
between the molecules must be broken down. This is known as the internal 
latent heat and is denoted by the symbol p. Next the external resistance 



Figs. 4 to 8. Diagrams Explaining the Generation of Steam 

must be overcome, the weight P being raised against gravity. The heat thus 
added is known as external latent heat and is designated by the symbols 
APu, where u is the change in volume, in cu ft of 1 lb of water, A is 1/778, and 
P is the pressure of the atmosphere in pounds per square feet (barometic 
pressure). It is evident then that the latent heat 

r «■ p -h APu, or p - r — APu 

The term APu is the heat-equivalent of the work performed for the change in 
volume from water to steam. 

The heat added from the starting-point (32° F.), is known as total heat 
(20* or q 4* r m H. If more heat is added, the pressure remaining constant, 
the temperature of the steam rises and the steam becomes what is known as 
superheated steam. The heat added is equal to the mean specific heat 
( Cp ) of the steam, times the change in temperature (/, - 212). The specific 
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heat of steam is the Btu, or heat, required to raise the temperature of 1 lb of the 
steam 1° F. Since the specific heat of steam is less than that of water, the 
slope of this line becomes greater than that of the water-line. The point is 
now located at t s (Fig. 8), and the steam has increased in volume in the 
cylinder (Fig. 5), until the piston occupies the dotted position B '. 

If instead of the above condition of pressure, additional pressure is added, 
as shown by the weight W in Fig. 6, the temperature of the boiling-point will 
be raised from the temperature of 212° F. to some other point, as /i (Fig. 8). 
As may be seen by this figure, the sensible heat q has been increased to q\. 
When more heat is added the water is evaporated at the temperature t\, and if 
heat again be added the saturated steam will become superheated steam. 

Quality of Steam. The proportion of the dry steam, per pound of steam 
delivered by the boiler, is known as the quality of the steam and is repre¬ 
sented by the symbol x , and the heat ( Ex ) contained in the steam above 32° 
F. is q + xr; the state-point is located at E (Fig. 8). 

Specific Volume and Density. The volume of a pound of steam is known 
as the specific volume r, and as may be seen by comparing Figs. 5 and 6, 
decreases as the pressure increases. The reciprocal of this, or the weight of 
steam per cubic foot, is known as the density, and is denoted by d or l/t». 

Entropy. Another quantity known as entropy is made use of in calcula¬ 
tions relating to steam-engines and turbines, and is defined as the ratio 
obtained by dividing the quantity of heat added to a substance by the abso¬ 
lute temperature at which it is added. 

The Total Heat, H , of a dry, saturated vapor for any pressure and tem¬ 
perature is the sum of the heats required to raise the temperature of one pound 
of the liquid from the freezing-point to the given temperature and correspond¬ 
ing pressure and entirely vaporize it at this pressure. For this case x - 1, 
and consequently 

H - (p + APn) + q - f + q 

The total heat ( H x ) of wet vapor at any pressure and temperature is 
II x ~ x r + q 

It is manifestly incorrect to say that this is the heat in the vapor, as the APu 
is not the heat in the vapor, but the external work performed by the vapor 
while evaporating. 

Superheated Steam or Vapor. Superheated steam is defined as water-vapor 
which has been heated out of contact with its liquid, until its temperature is 
higher than that of saturated vapor at the same pressure. 

The heat-content of superheated steam or vapor may be expressed by the 
equation 

Hg ■ j + f + Cp (A? — /) ■■ H ■+■ Cp (tg — /) 
where t 9 is the temperature of superheated vapor, / the temperature of satu¬ 
rated vapor at the corresponding pressure, q the heat of the liquid at /, and r 
the heat of vaporization at temperature /. C p is the mean specific heat of 
superheated vapor (approximately 0.50), H the total heat of 1 lb of dry sat¬ 
urated steam, and H s the total heat of 1 lb of superheated steam. 

Properties of Air 

Charles’ Law. Charles’ Law refers to the relation between pressure, volume 
and temperature of a gas, and may be stated as follows. The volume of a 
given weight of gas varies directly as the absolute temperature at constant 
pressure, and the pressure varies directly as the absolute temperature at con- 
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stant volume. Hence, when heat is added at constant volume V e , this 
equation results: 

Pt 7j 
Pi “ T X 

or for the same temperature-range, at constant pressure P c , the relation is 

V 2 Tj 

W* Ti 

In general, for any weight of gas M, since volume is proportional to weight 
at any given volume and temperature, 

PV - MRT 

which is the characteristic equation for a perfect gas. In this formula 

P « the absolute pressure of the gas in pounds per square foot « 2116.8 
(atmospheric pressure); 

V — the volume of the weight M in cubic feet; 

M — the weight in pounds of the gas taken; 

R => a constant depending on the nature of the gas - 53.37 for air; 

T — the absolute temperature in degrees Fahrenheit (t -f 459.6). 


Table II. Properties of Dry Air 

Barometric pressure, 29.921 in. Specific hea*, 0 24 


Temperature 
in degrees 
Fahrenheit 

Weight per 
cubic foot 
in pounds 

Per cent of 
volume at 

70° Fahrenheit 

Btu absorbed 
by one cubic 
foot dry air 
per degree 
Fahrenheit 

0 

0 08636 

0.8680 

0 02080 

10 

0.08453 

0.8867 

0.02039 

20 

0.08276 

0.9057 

0.01998 

30 

0 08107 

0.9246 

0 01957 

40 

0 07945 

0.9434 

0 01919 

50 

0 07788 

0 9624 

0.01881 

60 

0 07640 

0.9811 

0.01846 

70 

0 07495 

1 0000 

0.01812 

80 

0.07356 

1 0190 

0 01779 

90 

0 07222 

1 0380 

0.01747 

100 

0 07093 

1.0570 

0 01716 

110 

0 06968 

1 0756 

0 01687 

120 

0 06848 

1.0945 

0 01659 

130 

0 06732 

1 1133 

0 01631 

140 

0 06620 

1 1320 

0 01605 

150 

0.06510 

1.1512 

0.01578 

160 

0 06406 

1 1700 1 

0.01554 

170 

0 06304 

1.1890 

0 01530 

180 

0 06205 

1.2080 

0 01506 

190 

0 06110 

1.2270 

0 01484 

200 

0 06018 

1.2455 

0.01462 

240 

0 05673 

1.3212 

0 01380 

300 

0.05225 

1.4345 

0.01274 

350 

0.04903 

1.5288 

0.01197 

400 

0.04618 

1 6230 

0.01130 

450 

0 04364 

1.7177 

0.01070 

500 

0 04138 

1 8113 

0.01018 

550 

0.03934 

1.9060 

0.00967 

600 

0.03746 

2.0010 

0.00923 

700 

0.03423 

2.1900 












1570 Heating and Ventilation of Buildings [Chap. 30 

A perfect OAS conforms exactly to the above equation, and while no gases 
are perfect in this sense, they conform so nearly that the above equation 
applies to most engineering-computations. The volume of 1 lb of air, known 
as the specific volume, at any temperature and pressure, can be found at 
once by the equation 

V - (53.57 X T)fP 

Estimating Heating Requirements of Buildings 

Heat Required and Supplied. The amount of heat, measured in Btu, to be 
supplied by the heating-apparatus to a building to maintain the inside tem¬ 
perature above that of the outside, commonly termed heat-losses, is: 

(a) The heat required to offset the heat-transmission of the walls, ceiling or 
roof, and floor. This loss of heat depends upon the type and materials of con¬ 
struction used and the temperature-difference to be maintained between the 
inside and the outside of the building. 

(b) The heat required to warm the air entering the building from the out¬ 
side, either by infiltration or purposely introduced for ventilation. 

(r) The heat supplied by persons, lights, machinery and motors, which may 
be deducted from the sum of items (a) and (6) to obtain the net amount of 
heat to be supplied by the heating-apparatus. (Item (c) is usually not con¬ 
sidered.) 

It is customary in all calculations connected with the design of heating- 
installations to base the estimate on the amount of heat per hour to be supplied 
by the apparatus. The total heat to be supplied per hour is// - [(item o)-f 
(item b ) — (item c)] Btu. The method in use for the calculation of the 
various items above mentioned will now be taken up and discussed in the order 
given. 

Temperatures. The inside temperature to be maintained and the air 
required for ventilation for various classes of work are discussed under Ven¬ 
tilation, to which the reader is referred. The outside temperature for which 
the heating-installation should be designed is fixed by the lowest outside tem¬ 
perature that is liable to continue for several days during the heating-season. 


Usual Inside Temperature Specified 


Kind of buildings 

Degrees F. 

Public buildings. 

68-72 

Factories. 

65 

Machine-shops. 

60-65 

Foundries, boiler-shops, etc 

50-60 

Residences..... . 

70 

Bath-rooms. 

85 

Schools. 

70 

Hospitals. 

72-75 

Paint-shops. 

80 


In designing the heating-system a temperature of from 10° to 15° F. higher 
than the lowest recorded temperature is recommended to be used for the out¬ 
side temperature. (See Table III.) 

Heat-Transmission of Walls, Ceilings, Roofs, Floors, etc. (a) The heat- 
loss through building-construction is dependent upon the character of the 
material, thickness and character of the surfaces, and the velocity of the air 
over the surfaces. Numerous tests have been conducted by various experi¬ 
menters to determine accurately the heat-transmission of various types of 
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Table III. Outside Temperatures 

Lowest and Average Temperatures in the United States. All stated in Fahrenheit 
degrees and comptled from United States Weather Bureau Records 


State 

City 

Lowest 

Aver¬ 

age* 

State 

City 

Lowest 

Aver¬ 

age* 

Ala. 

Mobile 

- 1 

57 7 

Neb. 

North Platte 

-35 

34.6 


Montgomery 

5 

56. 1 


Lincoln .. . 

-29 

35.8 

Ariz 

Flagstaff.... 

— 21 

34 8 

Nev . 

Carson City... 

— 22 



Phoenix.... 

22 

58 9 


Winnemucca. . 

-28 

37 9 

Ark 

Fort Smith . 

- 15 

49 5 

N II.. 

Concord 

-35 

33.1 


Little Rock. . 

- 12 

52 0 

N J 

Atlantic City 

- 7 

41.6 

Cal.. 

San Diego. . 

32 

57 2 

N Y 

Saranac Lake 

-38 

34.1 


Independence 

10 

48 7 


New York City 

- 6 

40.1 

Col 

Denver 

-29 

38 4 

N M 

Roswell. 

- 14 

48 9 


Grand Junction 

- 16 

39 2 


Santa F&. 

-13 

38 0 

Conn. 

Southington. 

- 19 

36 3 

N C 

Hatteras.... 

8 

53 3 

D. C 

Washington 

- 15 

42 9 


Charlotte. 

- 5 

49 8 

Fla 

Jupiter. 

24 

69 8 

N D 

Devil’s Lake... 

-51 

18 9 


Jacksonville. 

10 

60 9 


Bismarck. . 

-44 

23 5 

Ga . . 

Savannah . 

8 

57 2 

Ohio 

Toledo. 

-16 

36.8 


Atlanta. . 

- 8 

51 4 


Columbus. 

-20 

39 8 

Idaho 

Boise. 

-28 

39 6 

Okla 

Oklahoma- ... 

- 17 

47.1 


Lewiston. . . 

- 18 

42 5 

Ore. 

Baker City... 

-20 

34.1 

Ill. . . 

Chicago . . 

-23 

35 9 


Portland.... 

- 2 

45.4 


Springfield. . 

-22 

39 0 

Pa. . 

Pittsburgh 

-20 

40.8 

Ind. . 

Indianapolis. 

-25 

40.4 


Philadelphia... 

- 6 

41.8 


Evansville. . 

- 15 

44 1 

R. I. 

Providence... 

- 9 

37.5 

Ia . 

Sioux City 

-31 

32 1 


Rock Island... 

- 4 

39.7 


Keokuk.... 

-26 

37,6 

S. C. 

Charleston.. 

7 

56.9 

Kan . 

Dodge City. 

-26 



Columbia. 

2 

53.5 


Wichita. . . . 

-22 

42 9 

S D.. 

Huron. 

-43 

25.9 

Ky. . 

Louisville 

-20 

45 0 


Yankton. 

-32 

31.2 

La. 

New Orleans 

7 

60 5 

Tenn 

Knoxville. 

- 16 

47 0 


Shreveport . 

- 5 

55.7 


Memphis. . . 

- 9 

50.7 

Me. . 

Eastport- 

-21 

3! 1 

Tex 

Carpus Christi. 

11 

62.7 


Portland.... 

- 17 

33 5 


Fort Worth 

- 8 

49.5 

Md . 

Baltimore. 

- 7 

i 43.3 

Utah 

Salt Lake City 

20 

39.7 

Mass 

Boston... . 

- 13 

37 2 

Vt 

Northficld.... 

-32 

27.8 

Mich 

Alpena. .. 

— 27 

29.1 

Va . 

Cape Henry .. 

5 

48.6 


Detroit. 

-24 

35.3 


Lynchburg . , 

- 5 

45.2 

Minn 

Duluth. . . . 

-41 

25 5 

Wash. 

Seattle. 

3 

44.3 


Minneapolis .. 

-33 

28.4 


Spokane. . . 

-30 

37.0 

Miss. 

Meridian. . , . 

- 6 

53 9 

W.Va 

Parkersburg. 

-27 1 

41.9 


Vicksburg. 

- 1 

56.0 


Elkins .. 

-21 

38 8 

Mo. 

Springfield . 

-29 

43.0 

Wis. 

La Crosse. . 

-43 

31.2 


Hannibal. 

-20 

39.7 


Milwaukee . 

-25 

32.4 

Mont 

Havre . . . 

-55 

27.7 

Wyo 

Cheyenne... 

-38 

33.7 


Helena. 

-42 

30.9 


Lander... . 

-36 

29.0 


* Average is taken from October 1 to May 1. 


construction. Tests are usually conducted to determine the conductivity (c) 
the material, which when combined with the surface coefficients (Ai and fcj) 
the transmission formula gives the unit heat-transmission ( U ) for the construo 
tion under consideration. 
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Table IV. Coefficients of Transmission V 

Btu per sq ft per hr per ° F diff. in air temperatures 
Wood Walls 


[Chap. 90 


J^-in sheathing and building paper. 0.5' 

1%-in sheathing and building paper. 0.4 



%-in sheathing, building paper and air space... 

0 24 

Clapboards, sheathing, paper 


■+* H-in plaster on wood lath. 

0.25 

4* in plaster on metal lath. 

0.26 

4-H-in plaster on Ys-in plaster board. 

0 25 

-j-H-in plaster on M-in rig. ins. board. 

0.19 

-f H-m plaster on lH-in corkboard. 

0.11 

+ H-in plaster on 2-m corkboard. 

0.10 

4- H-in plaster on wood lath + 3 %-in flaked 


gypsum fill. 

0.09 

Ditto with 3 5^-in rock wool fill. 

0.07 

Stucco-Outside Finish 


•f H-in plaster on wood lath. 

0 30 

4- %'in plaster on metal lath. 

0.31 

4-H-in plaster on %-in plaster board. 

0.30 

4-H-in plaster on J^-in rig. ins. board. 

0.22 

4- H-in. plaster on 1 Yi -in corkboard. 

0.12 

4- Y -in plaster on wood lath 4-gypsum fill. 

0.10 

Ditto with rock wool fill. 

0.07 

i 

Brick Veneer 


4- M-in plaster on wood lath. 

0.27 

4- H -in plaster on metal lath. 

0.28 

4-H-in plaster on Y-in plaster board. 

0.27 

4-H-in plaster on H-in rig. ins. board. 

0 20 

4“H"in plaster on 1^-in corkboard. 

0.12 

+ H-in plaster on wood lath 4-gypsum fill. 

0.10 

Ditto with 3H-iu rock wool fill. 

0.07 
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Table IV (Continued). Coefficients of Transmission V 

Btu per sq ft per hr per 0 P diff. in air temperatures 
Common Brick Walls 
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Table V. Coefficients of Transmission U 
Btu per &q ft per hr per 0 F diff. in air temperatures 


Tile Walls—Thickness tile 


Tile walls with 2-in stucco finish 
Outside plain. 



4- H*in plaster finished inside. .. 
4-Ji-in plaster on metal lath.... 
4-^-in plaster—wd. lath finished 
-j-l-in corkboard +K-m plaster 


4‘2-in corkboard 4-H in plaster 
finish. 


4-3-in corkboard 4- -in plaster 

finish . 


4-4-in corkboard 4-H-in plaster 


Plain tile faced with 4-in stone . . 

4-^i*in plaster finish on tile . 

4- %*in plaster finish on metal lath 
4-Wn plaster finish on wood lath 


Concrete Walls—Thickness 



Plain concrete walls..*.. 

-f^-in plaster on concrete .. 

4- H-in plaster on metal lath . 

4-H*m plaster on wood lath, furred. 

4-1-in corkboard 4-Me-in plaster finish. 

4-2-in corkboard +%-in plaster finish. 

4-3-in corkboard 4 - H-in plaster finish. 

4-4-in corkboard 4-H-in plaster finish. 


Concrete Floors on Ground * 

Bare concrete. 

4-Y. p, fl’g on sleepers. 

4-Y. p. fl’g on sleepers 4- fih. maple fl’g... 


Windows, single... 

Windows, double (with air space). 

Corrugated sheet steel..... 

^-itt corrugated asbestos. 



• It is customary to assume ground temperature as 55° F with only inside surface 
coefficient, K\ =* 1.6. 
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Table V (Continued). Coefficients of Transmission U 

Btu per sq ft per hr per 0 P diff. in air temperatures 


Flat Hoofs with Built-Up Roofing 

%-in wood..,..... 

0.50 

0 40 
0.72 
0.64 

0 21 

0 21 

0 85 
0.40 

0 32 

0 95 
0.39 

0 25 
0.23 

1 %-in wood. 

4-in concrete. 

6-in concrete... . 

4-in concrete-!-1-in corkboard insulation . 

6-in concrete+ 1-in corkboard insulation . 

1 %-i n precast tile. 

2^-in gypsum fiber concrete. 

3^g-in gypsum fiber concrete on plaster board. 

Flat metal roofs—no insulation... 

Flat metal roofs + H-in rigid insulating board. 

Flat metal roofs-f 1-in rigid insulating board . 

Flat metal roofs4-1-in corkboard insulation. 

Flat Roofs -f Built-Up Roofing with Metal Lath and Plaster Ceilings 

m 

%-in wood -f roofing—no insulation. 

EH 

1 H-in wood 4-roofing—no insulation. 


4-in concrete 4* roofing—no insulation. 

BSSS 

6-in concrete 4-roofing—no insulation..... 

Eta 

1 *Mi-in precast tile—no insulation . 

0 43 

2 2'8-in gypsum fiber concrete—no insulation. 

0 27 

32^-in gypsum fiber concrete—no insulation. 


Flat metal roofs—no insulation. . 

WtV'M 

Flat metal roofs4-H-in rigid insulating board. .. 

WSEm 

Flat metal roofs 4-1-in rigid insulating board . 

SJiiil 

Flat metal roofs 4- 1-in corkboard insulation ... 

jam 

Pitched Roofs 


(Ceiling applied direct to rafters) 


Wood shingles on wood strips (no ceiling). 


Wood shingles4-metal lath, plaster ceiling.... 


Wood shingles 4 plaster on plaster board ceiling. 

0 29 

Wood shingles 4- 3 H-in flaked gypsum fill with metal lath and plaster 



ceiling. 

Ditto for 3 rock wool fill 


0.10 

0.07 


It is sufficiently accurate to assume the above values of U for asphalt or 
asbestos shingles, composition roofing, and slats or tile roofing on wood 
sheathing. 
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Space limitation does not permit the inclusion of more complete heat-trans¬ 
mission tables. See the latest edition of the Am. Soc. H. and V. E. Guide. 

Heat-Transmission Coefficients ( U ) by Computation. The following 
formula may be employed to determine the heat-transmission of various con¬ 
structions of building materials and insulators: 

Let U - unit heat-transmission of a wall, floor or roof under con¬ 

sideration. Btu per degree difference in temperature 
per hour between the inside and outside air tempera¬ 
tures per sq ft per hour; 

Ci, C 2 , d, etc., ■■ conductivity of the various materials employed in the 
construction per 1 in thickness (see Table VI),* 

Xi, Xt, xi, etc., - thickness of materials measured in inches correspond¬ 
ing to values of c; 

ki — combined radiation and convection coefficient for inside 
wall surface (see Table VI); 

ki — 3.63 ki — combined radiation and convection coefficient for out¬ 
side wall surface. 


U 


1 


L + »+£+*+* 

K\ K2 Cl Ci Cl 


etc. 


The following examples, Fig. 9, illustrate the method employed in calculating 
the heat-transmission coefficient for two types of walls. 

Heat-Transmission of Roofs and Floors. The temperature of the air 
in contact with the under side of a ceiling or roof is found to be higher than 
the temperature maintained at the breathing-line, at which point the tem¬ 
perature is usually measured; and this is due to the natural tendency of 
the wanner or less dense air to rise. It is recommended that an increase 
of approximately 15% be made to the specified inside temperature for the 
temperature at the ceiling for ceiling or wall-heights not exceeding 15 ft, 
and 30% for ceiling-heights of 20 ft or more, in estimating the heat-loss 
of roofs. Thus, if 65° F. is the specified inside temperature to be main¬ 
tained in a room the height of which is 20 ft, the temperature of the 
air in contact with the under side of the roof may be assumed to be 
65° + 30%, or 85° F. The loss of heat through the ceiling of a room 
over which a large air-space exists, through partitions between a heated 
and a cold room, or through the first floor to the cellar, may be esti¬ 
mated on the assumption that the warmed rooms give off sufficient heat to 
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fable VL Recommended Conductivities of Building Materials and 
Insulation (c) 


Material 

Conducthrity 


5 00 

Brick, face. 

9.2 

Cement mortar. 

12.00 

Cinder concrete. 

5.20 

Cinder blocks t (8 in). 

0.62* 

Cinder blocksf (12 in). 

0.51* 

Concrete blocks f (8 in). 

1.0* 

Haydite concrete. 

1.62 

Concrete. 

12.00 

Gypsum fiber concrete. 

1.66 

Hollow clay tile (4 in). 

1.00* 

Hollow clay tile (6 in) % . 

0.64* 

Hollow clay tile (8 in) j. 

0.60* 

Hollow clay tile (10 in) t. 

0.58* 

Hollow clay tile (12 in) % . 

0.40* 

Hollow gypsum tile (4 in). 

0.46* 

Insulations: 


Corkboard. 

0.30 

Flexible. 

0 27 

Flaked gypsum (24 lb). 

0.48 

Rigid insulation.. 

0.33 

Rock wool. 

0.30 

Plaster (gypsum). 

3.3 

Plaster board (% in). 

3.73* 

1-in fir sheathing and building paper. 

0.82* 

Yellow pine lap siding. 

1.28* 

Yellow pine or fir. 

0.80 

Maple or oak. 

1.15 

Shingles, wood. 

1.28* 

Air spaces. 

1.10* 

Surfaces, still air (k|). 

1.65* 

Surfaces, 15 mph (fcj). 

6.00* 

Plaster board (H in). 

2.82* 

Roofing: 


Asbestos shingles. 

6.00* 

Asphalt or composition roofing. 

6.50* 

Built-up, H"in thick. 

3.53* 

Slate shingles. 

10.37 

Wood shingles (see woods). 


Stone. 

12.50 

Stucco. 

12.00 

Tile or terrazzo. 

12.00 

Wood lath and plaster. 

2.50* 

Woods: 


1-in fir sheathing, building paper and yellow pine lap siding 

0.50* 

* For thickness or condition stated, not per ! in. 


t One air cell in the direction of heat flow. 


t The 6-in, 8-in, and 10-in hollow tile figures are based on two cells in the 

direction of heat flow. 
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maintain the temperature of these colder spaces according to the following 
schedule: 


Closed attics under metal or slate roofs. 14° F. 

Closed attics under tile, cement, tar, or gravel roofs... 23° F. 
Cellars and rooms kept closed. 35° F. 


Outside 


K 2 *s0.00->| 



Inside 


Outside 


/12" Brick Wall 
' C as 5.00 

Clapboards, ‘ 
C=1.28 \. 



Air Space. 


Csal.10^' 

fp*A, { 


K a *e.oo^ 


r Kjssl.85 


wA 


. Inside 

-1" Sheathing 
C 0.82 

Lath and Lime 
Plaster 
C~2.50 


^ M.65+ 1 AoO-f 1 K 0,32 ^* I H.W+^.(X)+H.lW+V6.82+H.10+K5o" 0 * i5 

Fig. 9. Examples in the Calculation of Hea A Transmission of Various Constructions 


The heat-transmission of floors that are laid directly upon the ground may 
be estimated on the assumption that the ground in contact with the under side 
of the floor has an approximate temperature of 50° F. Thus the estimated 
heat-loss through a 6-in concrete floor laid directly upon the ground, assuming 
an inside temperature of 65° F., is 

0.563 (65 — 50) or 8.4 Btu per square foot per hour 


Table VII. Heat Equivalent of Air Entering by Infiltration 

The heat (A) required to warm the air entering building is: 

Q «=» cu ft per hr entering air based on inside temp. 

0.24 = sp ht air 

d =» density (wt cu ft) ■* 0.075 (appx.) 

/, to - inside and outside air temp, c F. 
h =» 0.24 x 0.075 (1 - to) Q Btu per hr. 


Heat Required per Cu. Ft. Infil. per Ilr. 


Inside temp, 0 F 

Outside temp, 

0 F 

-10 

0 

+ 10 

50 

1 12 


0.75 

60 

1.28 

1.09 


70 

1.44 

1.26 

K9 

$0 

1.60 

1.42 

m 
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Table VIH 

Air Change Method 

Assume number of air changes from following table and multiply by 


cubic contents of room for estimate of Q. 

No. Air 
Changes 

Rooms exposed one side. 1 

“ “ two sides.2 

“ “ three-four sides . 2 H 

Rooms, no windows or outside doors. H 

Entrance halls, drug stores. 2 H 

Bath rooms.2 

Churches. % 

Factory buildings (large areas). % to 1 


Crack Method (preferred method) 

Q is determined by taking the linear feet crack times the cubic feet per 
hour from Table IX. 

For double-hung windows take perimeter of sash for length of crack, plus 
meeting rail. Add perimeter of frame in masonry wall, if not calked. 
For continuous factory steel sash take sides and top in contact with steel 
mullions and lintel for each sash unit, plus perimeter of ventilating section. 
For single sash unit set in masonry wall take top width, plus perimeter of 
ventilating section. The infiltration through well-constructed walls is 
small and is customarily neglected. 


Table IX. Air Leakage in Cubic Feet per Hour and Btu Necessary 
to Heat Such Leakage from 0° to 70° F for Cracks Indicated 


Type of window 

Wind velocity, miles per hour 

5 

10 

15 


25 

30 





Around sash, Me-in crack and 



per hour 



Double-hung 

% 4 -in clearance. Plain non- 

39 3 

84.9 

124 

161 


233 

wood sash 

stripped. 















(unlocked) 

Average weatherstripped .... 

3 

11.7 

22 9 

34 9 


59 6 


Around uncalked frame ... . 

1 4 

11 3 

22.6 

31 1 


53 6 

Double-hung 

Non-weatherstnpped, locked . . 

20 

45 

70 

96 

125 

154 

metal 

Non-weatherstripped, unlocked 

20 

47 

74 

Hill 

137 

170 

windows 

Weatherstripped, unlocked 

6 

19 

32 

46 

60 

76 


Industrial pivoted, Me-in crack. 

52 

108 

176 

244 

304 

372 

Rolled 

Architectural projected, %4-in. 







section 

crack... 

20 

52 

88 

116 

152 

208 

steel sash 

Residential casement, Ha-in 

■ 






windows 

crack... 

14 

32 

52 

76 

100 

128 


Heavy casement section, pro¬ 








jected, Ha-in crack. 

8 

24 

38 

54 

72 

96 
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Example. An office 14 by 16 by 10-ft-high ceiling has two unstripped 
3 by 7-ft wooden-sash windows. The maintained inside temperature is 70°, 
and the outside temperature 0° F. Required the heat-loss by infiltration, 
wind velocity assumed 15 miles per hour. 

Solution. By the first method, assuming two air-changes per hour, the loss 
is estimated as: 

b - 1.26 X 2 X (14 X 16 X 10) - 5 645 Btu per hr 
By the second or crack-method this loss is estimated as: 
b - 1.26 X 2(3 + 34-3+7+7 perimeter) X 124 - 7 187 Btu per hr 
It is assumed that the frames have been calked. 

Increase in Calculated Heat-Losses. It is advisable to increase the cal¬ 
culated heat-losses by approximately 15 to 20% for walls that are exposed 
to the prevailing winds. 

Heat Supplied by Persons, Lights, Motors, Machinery, etc. (c) The 
quantity of heat emitted by persons is ordinarily not of sufficient importance 
to be taken into account, except in cases of assembly-halls and theaters. The 
following allowances may be made when required: 

(1) Persons (sensible heat) 

Man at rest. 

Man at work . .. 

The heat introduced by lights is as follows: 

(2) Lights: 

Electric lamps: 

Btu per hour equals total watts of lamps X 3.415 


Gas-lighting: 

1 cu ft producer gas. 150 Btu 

1 cu ft illuminating gas. 700 Btu 

1 cu ft natural gas. 1 000 Btu 


A Welsbach burner averages 3 cu ft of gas per hour and a fish-tail burner 
5 cu ft per hour. 

(3) Motors. Motors and the machinery which they drive, if both are 
located in the room, convert all of the electrical energy supplied into 
heat, which is retained in the room if the product being manu¬ 
factured is not removed until its temperature is the same as the room- 
temperature. 


300 Btu per hour 
500 Btu per hour 
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Btu supplied per hour 


motor horse-power 

:-— X 2 546 

efficiency of motor 


in which 2 546 is the Btu equivalent of 1 horse-power hour. In high-powered 
mills this is the chief source of heating and is sometimes sufficient to overheat 
the building even in zero weather, thus requiring cooling by ventilation the 



year round. The lighting load in modern offices is sometimes nearly sufficient 
to balance the heat-loss. 

Short Rules for Estimating the Heat-Loss of Buildings. There is a great 
variety of rule-of-thumb methods for estimating the heat-loss B for pro¬ 
portioning the heating-surface required when direct radiation is to be used. 
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These so-called practical rules are intended to be based on average building- 
construction and on the ratio of wall- and glass-surface to the cubical contents 
as found in buildings of the class to which they refer. These rules when modi¬ 
fied for unusual conditions and applied by engineers of long experience in the 
proportioning and design of heating systems produce satisfactory results. They 
are, however, rapidly being discarded except as rough checks on the more refined 
methods of calculation. 

Carpenter’s Rule. The following formula, or rule, which has been widely 
used for many years in this country, was proposed by R. C. Carpenter. It is 
not intended to be applied to buildings covered with corrugated sheet steel or 
metal lath and plaster walls, unless the wall-constant is changed to suit the 
condition. 

By reference to Tables IV and V, it will be noted that a fair average value for 
the heat-transmission of the usual well-constructed building-wall is approxi¬ 
mately 0.25 Btu and for glass 1.0 Btu per degree difference between the inside 
and outside temperature per hour. 

Professor Carpenter stated that usually we may, with sufficient accuracy, 
naglect all inside walls, floors and ceilings and consider only the outside walls* 

Let C *» cubical contents of room in cubic feet; 
n » number of air-changes per hour; 

0.02 *■ Btu to raise 1 cu ft of entering air 1* F.; 

W — net wall-surface in square feet; 

G - glass-surface in square feet; 

(t — to) — temperature-difference between inside and outside; 

// total heat to be supplied per hour in Btu; 

27 - (0.02 »C-hG + H W) (/ - to)- 

Calculating the Heat-Loss of a Building. The following example (Table X) 
will serve to illustrate the method employed in calculating and tabulating the 
heat-loss of a typical building, the floor-plans and section being shown in Fig. 
10. The heating requirements are for a temperature of 70° F. with zero weather. 
The unit heat-transmission (U) for the outside walls per square foot is taken from 
Table IV for a temperature-difference of 70° or 70 X 0.24 - 16.8 Btu sq ft hr. 
The heat-loss through the first floor is based on a temperature-difference of 
70 — 35 or 35°. The heat-transmission per square foot per 1° difference in 
temperature per hour for \%-in wood is 0 37; hence for 35° it is 0 37 X 35 ■■ 13 
Btu per hour. The heat-loss through the ceiling of the second floor is based on 
a temperature-difference of 70 — 23 - 47°, 23° being the assumed temperature 
of the attic with zero weather. The heat-transmission per square foot per hour 
is therefore 47 X 0.62 - 29 Btu. The infiltration-loss is, in this example, based 
on an estimated number of air-changes per hour as indicated. 

By Carpenter’s rule the heat-loss of this building based on two air-changes per 
hour, is 

10.02 X 2 X 41 730 + (3 464/4) + 730) X 70 - 228 564 Btu per hour 

It is recommended that the heat-transmission of each wall be separately 
calculated in order that the percentage, usually 15%, may be added to the 
calculated transmission of the north and west walls as previously mentioned 
under the heading Increase in Calculated Heat Losses. 
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Table X. Tabulation of Heat-Losses for Building Shown by Fig. 10 



Room- 

designation 


First floor: 
Sample-room 

Hall. 

Laboratory.. 

Office. 

Toilet. 

Second floor: 
Mgr's office 

Hall. 

Gen'l office.. 
Sup’t's office 


, Floor or 
ceiling, 
sq ft 


Glass-area, 
sq ft 


2 

3 

10 080 

852 

2 595 

99 

4 320 

378 

2 520 

288 

900 

90 

4 320 

393 

2 595 

119 

10 080 

852 

4 320 

393 

41 730 

3 464 



Transmission-loss, 

Infiltration loss, 

Btu per hour j 

Btu per hour 


Room- 

designation 


Total 
heat- 
loss, 
Btu per 
hour 



Radiation 

Direct Radiation. Steam or hotwater radiators placed in the room to be 
heated are termed direct radiators or direct radiation. Common types of 
direct radiators are shown in Figs. 11,12,13 and 14. The column-type radiators, 
Figs. 11 and 12, are obsolete, being superseded by the tubular type, Fig. 14. 

Indirect Radiation. Radiators used to warm the air passed over them, the 
heating of the building being accomplished by warm air. are termed indirect 
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radiators or indirect radiation. (See Figs. 40 and 41.) This type of 
radiation is frequently used for installations in which provision must be made 
for ventilation as well as heating, as in the case of schools, public buildings, 
etc. Indirect radiation is also used to some extent in high-grade residence¬ 
heating where direct radiation may be thought unsightly, particularly for the 
first floor. Direct radiation is ordinarily employed for the floors above the first 
floor. The principal use of indirect radiators is in connection with the hot- 
blast system of heating including unit-heaters, described later, in which a fan. 
is used to circulate the air over the radiator. 

Direct-Indirect Radiation. Direct-indirect radiators (Fig. 15) are 
radiators placed in the rooms to be heated and furnished with a cold-air connec¬ 
tion through the outside wall, the air being circulated by gravity. It serves the 
purpose of providing tempered-air ventilation. 

Materials and Connections of Radiators. Radiators are constructed of 
cast iron, brass or copper, pressed steel or pipe-coils. The sections for one-pipe 
steam systems are connected only at the bottom. The sections for hot-water 
radiators and two-pipe steam systems are connected at both top and bottom. 
The latter is known to the trade as hot-water radiation 

Pressure in Radiation. Cast-iron radiators should not be operated above 15 
lb-per-sq-in pressure. Standard pipe-coil direct radiation, up to 125 lb per sq in- 



Fig. 11. Rococo Three-column Radiator* Fig. 12. Peerless Three-column Radiator* 


Rating of Direct Radiators. Radiators are rated by the manufacturer 
according to nominal heating-surface in square feet (equivalent direct radiation, 
e.d.r.), based on a heat emission of 240 Btu per square foot of nominal surface 
per hour for steam radiators and 150 Btu per square foot of nominal surface for 
hot-water radiators. Cast-iron direct radiators are built up of sections. The 
* The column type radiator is no longer manufactured, the tubular type (Fig. 13) 
having taken its place. 
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amount of nominal heating-surface per section of cast-iron radiators for the 
various standard heights manufactured is given in manufacturers’ tables. 



Fig. 13. Tubular Type Fig. 14. Typical Installation of Rococo Wall-radiators in 
Radiator, 5-tube—8 Single Tier on Adjustable Brackets 

Sections 


Direct Pipe-Coil Radiation was formerly largely used in manufacturing estab¬ 
lishments and is usually made up of IH or iy 2 -in pipe screwed into cast-iron 
manifolds as shown in Fig. 16. The unit heater is now largely employed for 
industrial heating. 



Flo. 15. Direct-indirect Radiator-installation 


Invisible or Concealed Radiators for Use in Walls and Cabinets. An 

entirely new type of radiator heating has been developed in recent years in 
which the heating elements (Fig. 18) have extended surfaces of copper, 
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Plpe-Cofl Radiators and Connections 


l AirtVYdTe^le&xn) 

jjjBushinjr 


Ping 


Alr-VaIvo 

for Union 






Branch>Tee 


A.V.(Alter- 

nativeJ-J 

Union 


union v |^h 


- Expansion-Bolts - 


Stoel or W.I. PI pew 


fastened to Walla 


threads 
[Un on! 


T' 




Dirt-Pocket 

Chock-Valve (Capped) Radiator for Two-Pipe,Low-Pressure 

Steam-System. „„ _ -. 

| Plug ^ to»- Waten 




Air-Valve here 


Grade Down 



Gate "Valve | 

Radiator for Two-Pipe 
Vacuum Steam-System, Divided Surface. 


Bnn I 
Open li 


Inlet 


Branch-Tbea 
(Crane Co.) 

NoTpiir^viiuhiti 


Run 

Open 


No.2 For Ci rculation J (dosed. 
Outlet 0 

Wo 3 for D pi Co lls 
Inlet Open 

Order by She andJHtunbet 
linear JPeet oCPipe perTP'lLS, 
at 

i.3 J ot 
W of 
1* at 


1 * me-l^lI.S. 

VC” -toi-s. 

ik* *» «• i o "ii;8. 

8 * » m ffUS, 


l" Branch-Tee* 
2k" « 

lk" Branch-Tees, 
3" e-c 

lk" Branch-Tees, 

3k" e-e 


Runs 

Runs 

Runs 

Run | 

QBSS 


0 




121 

B 

B 



No of Branches 

No. of Branches 



H 

2 

2 

o 

EE 

□ 

E 

1 

1 

m 

H 

Inside Disms. 

Inside Disms 

Inside Disms. 

lands Disms. j 

w 

2k* 

2k" 

2k" 

= 

2k" 

2k" pk" 

3 


3k" 

H 


Nona. 


I openmfs in Braneh-Teea (or circulation are topped 


Branch-Tees for Box Coils are always topped left head m 
brunches sod n*ht hand ut beck inlet. 

The run sod back opetuns of Branch-Tees • 
esmt vise ss bra aches, unless otherwise ordered. 


Fig. 16. Pipe-coil Radiation-data 
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brass, aluminum or other metals. These radiators are always installed at the 
base of a concealed flue space in one of the walls of the room to be heated or 
are placed in the bottom of a visible sheet-metal cabinet. Suitable inlets and 
outlets must be provided and the higher the column of heated air above the 
heating unit the greater will be the heating effect. 

It will be evident that this is essentially an indirect system of heating in 
which the air is recirculated from the floor of the room and delivered back 
again through the outlets at the top of the flue or cabinet at a temperature 
sufficiently great so that in cooling to the inlet of floor temperature it gives up 
enough heat to supply the heat-loss from the room. 



*If A is 50" of width of radiator, add 102; if 1602, add 35* 
$B =802 of A. C = 1502 of A. D—A. 


Fig. 17. Radiator Enclosures 


Heat-Emission of Direct Radiation. The unit heat-transmission K, or the 
Btu transmitted by one square foot of actual measured surface of direct 
radiation per hour per degree difference between the heating medium and the 
temperature of the air in the room, varies somewhat with the type of radiator, 
height, temperature, etc. 

Table XI is based on the average performance of direct cast-iron column 
type steam radiators standing exposed in still air at 70° F. with steam at 220° 
F., or 2-lb pressure, with a standard temperature-difference of 150° between the 
heating medium and the air in the room. In order to apply the coefficients 
given in Table XI to conditions other than standard, it is only necessary to 
know the variation in K for a given increase or decrease in the temperature- 
range above or below 150°, the standard range. An examination of test-data 
so far available indicates that this variation is nearly 0.2%*per degree 
above or below the standard range of 150°. Thus, if a three-column, 38-in 
high, direct radiator is to be used in a room kept at 60° F., with steam at 
230°, we would have a temperature-range of 170° or 20° above standard, and 
the value of K would become 

K - (1.55 + 0.002 X 20 X 1.55) - 1.61 


and each square foot of radiation would give off 1.61 X 170 « 274 Btu per hr. 











Radiation 


•Unit Symmetrical 
\ about C.L. 


mi ll 

II ii i 111 

III 11 


IS 


Ronirh Floor I 




Not© - Reducing Elbow 
may be used here of a 
size required for Par¬ 
ticular System Used. 


'wrnww 

Fig. 18. Concealed Radiator Installed 

Table XI. Values of K for Direct Radiators 


mgga 


One column. 

1.95 

1 90 

l 85 

1 80 

Two columns. 

1.80 

1.75 

1 70 

1 65 

Three columns. 

1.70 

1.65 

1 60 

1 55 

Four columns. 

1.60 

1.55 

1.50 

1 45 

Flue, 42 sq ft. ... 




1.57+ 

Window . .... 

1.85 




Wall (horizontal). 

Wall (vertical). 

Pipe-coils.. 

1.95 

1.90 

2.00 





* Air entering flues at 70° F. and leaving same at 152® F. Allen. 

K increases (i) as height of radiator is reduced and (2) as number of columns or width 
of radiator decreases, 



































1586 


Heating and Ventilation of Buildings 


[Chap. 30 


Coefficients of Transmission for Direct Hot-Water Radiators. Table XI 
may be used for values of K for hot-water radiators of the same type as there 
listed, but allowance should be made for the lower temperature-range in hot-water 
heating. Thus, with a room usually at 70° F., and water at 180° entering and 
at 160° leaving the radiator, the temperature-range is only 100°, or 50° less 
than the standard range. Then for a two-column 26-in high direct radiator, 
the value of K becomes 

K - (1.75 - 0 002 X 50 X 1.75) - 1.58 

and each square foot of this radiation gives off, 1.58 X 100 — 158 Btu per hr 

Concealed Radiators. Fig. 17 gives the approximate percentage to add or 
deduct to the computed amount of radiation to allow for enclosures of various 
kinds. Concealed radiators are not generally looked upon with favor from a 
strictly sanitary point of view. 

The Usual Assumptions Made for the Heat-Transmission of Direct 
Radiation is 240 Btu per sq ft per hr for low-pressure steam (2 lb) cast-iron 
radiators, and 150 Btu per sq ft per hr for cast-iron hot-water radiators with 
the water at 180°. The square-foot rating of heating-boilers is based on the 
above figures. For more exact values use the data given in Table XI. Accord¬ 
ingly, a hot-water installation requires 60% more radiation than a low-pressure 
steam system. 

Example. It is required to determine the amount (R) of direct cast-iron 
radiation, low-pressure steam and hot water, to supply a heat-loss of 

£7- 10 000 Btu per hr 

Solution. For the direct steam system 

R - 77/240 - 42 sq ft 
and for a direct hot-water system 

R - 77/150 - 66 H sq ft 

If a three-column cast-iron radiator, 38 in high, is to be used, the heating-sur¬ 
face of which is 5 sq ft per section, it will require 40/5-8 sections for the steam- 
job, making the length of radiator equal to 8 X 2 Vi - 20 in. 

Fuels and Combustion 

Classification of Fuels. Fuels are generally classified as solid, liquid, and 
gaseous. Solid fuels are coal, wood, and wastes. Liquid fuels are petro¬ 
leum and its products. Gaseous fuels are natural and artificial gas. 

Coal Fields in the United States. Most of the anthracite is found in beds 
of less than 500 sq miles in area located in eastern Pennsylvania. The principal 
deposit of semibituminous coal is about 300 miles long by 20 miles wide and 
lies along the eastern edge of the Northern Appalachian field. The bituminous 
coals extend from this deposit westward. A little graphitic coal is found in 
Rhode Island. 

Composition of Coal. The uncombined carbon in coal is known as fixed 
carbon. Some of the carbon-constituent is combined with hydrogen, and 
this, together with other gaseous substances driven off by the application of 
heat, form that portion of the coal known as the volatile matter. The fixed 
carbon and the volatile matter constitute the combustible. The oxygen and 
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nitrogen contained in the volatile matter are not combustible, but custom has 
applied this term to that portion of the coal which is dry and free from ash, 
thus including the oxygen and nitrogen in the combustible. 

Classification of Coals. Coals may be classified according to the per¬ 
centages of fixed carbon and volatile matter contained in the combustible. 


Table XII. Classification of Coals (Kent) 


Name of coal 

Percentages of combustible 

Btu par pound 
of combustible 

Fixed carbon 

Volatile matter 

Anthracite . 

Semianthracite . 
Semibituminous . 
Bituminous. East... 
Bituminous, West. . 
Lignite. 

97 0 to 92 5 

92 5 to 87 5 

87 5 to 75 0 

75 0 to 60 0 

65 0 to 50 0 

50 0 and under 

3 0 to 7 5 

7 5 to 12 5 

12 5 to 25 0 

25 0 to 40 0 

35 0 to 50 0 

50 0 and over 

14 600 to 14 800 

14 700 to 15 500 

15 500 to 16 000 
14 800 to 15 300 
13 500 to 14 800 
11 000 to 13 500 


Calorimetric Determinations. The only accurate and reliable way to deter¬ 
mine the heating-value of a fuel is to do so experimentally with a calorimeter. 
For solid fuels, the bomb-calorimeter is the most practical. The various 
types on the market include the Mahler, the Hempel, the Atwater and the 
Emerson. These consist essentially of a tight vessel containing a weighed 
sample and oxygen under pressure. This receptacle is placed within another 
vessel containing a known weight of water and surrounded by heat-insulating 
material to minimize radiation. The sample is exploded electrically, and the 
heat absorbed by the surrounding water is determined by means of a very 
accurate thermometer reading hundredths of a degree. Correction has to be 
made for the heat absorbed by the instrument itself, and for radiation. 

For a complete description of calorimeters and their use, see Carpenter and 
Diederich’s Experimental Engineering. 

Calorific Value by Formula. The following expression, known as Du Long’s 
formula for heating-value per pound of coal, can be used if the ultimate 
chemical analysis of the fuel is known: 

F - 14 600 C + 62 000 (// - ^0) + 4 000 5 
where C, II, O, and S represent the proportionate parts of each element per 
1 lb of fuel, and F denotes the heat-value in Btu per pound due to combustion. 
This formula does not apply when the fuel contains carbon monoxide, CO, but 
can be made to apply by adding a term, 10 150 C, in which C is the propor¬ 
tionate part of carbon burned to the monoxide. 

Example. The application of the formula to a coal of ultimate analysis ar 
here given follows: 

Analysis (based on fuel as received) 


C 

74.79% 

H 

4.98 

O 

6.42 

N 

1.20 

S 

3.24 

HjO 

1.55 

Ash 

7 82 

100.00% 
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Then by Du Long’s formula, 14 600 X 0.7479 + 62 000(0.0498 - 0.0642/8) 
+ 4 000 X 0.0324 -» 13 650 Btu per 1 lb of coal. 

A bomb-calorimeter test showed 13 480 Btu for this coal. The formula fails 
to allow for evaporating and superheating the moisture present in the fuel. 

Combustion of Fuel. Combustion, as used in steam-engineering, signifies a 
rapid chemical combination between oxygen, and the carbon, hydrogen, and 
sulphur composing the various fuels. This combination takes place usually at 


Table XIII. Theoretical Amount of Air Required for Combustion 


Fuel 

Composition by weight 

Lb of 
air per 
lb of 
fuel 

% c 

% H 

% O 

Wood-charcoal . 

93 0 



11.16 

Peat-charcoal. 

80.0 



9.6 

Coke. 

94 0 



10 8 

Anthracite coal. 

91 5 

3 5 

2.6 

11 7 

Bituminous coal, dry. 

87 0 

5 0 

4 0 

11.6 

Lignite . 

70 0 

5.0 

20.0 

8.9 

Peat, dry. 

58.0 

6.0 

31.0 

7.68 

Wood, dry. 


6.0 

43 5 


Mineral oil . . 

85 0 

13 0 

1 0 

14 30 | 


high temperature with the evolution of light and heat. The substance com¬ 
bining with the oxygen is known as the combustible, and if it is completely 
burned or oxidized the combustion is perfect, that is, no more oxygen can be 
taken up by the products of the reaction. The combustion is imperfect or 
incomplete when carbon burns to form carbon monoxide, CO, instead of the 
dioxide, C0 2 , since the former may be further burned to form carbon dioxide if 
the necessary oxygen is supplied. It is necessary to provide for an excess of 
air when burning coal under cither natural or forced draft, amounting to 
approximately 50 to 100% of the net calculated amount, or about 18 to 24 lb 
per lb of coal. Less air results in imperfect combustion and smoke, while 
an excess cools the fire and setting and carries away a large percentage of the 
beat in the flue-gases. 

Table XIV. Weight and Calorific Value of Various Gases 


At 32 Degrees Fahrenheit and Atmospheric Pressure, with Theoretical Amount 
of Air Required for Combustion 


Gas 

Symbol 

Cubic feet 
of gas 
per pound 

Btu 

Cubic feet 
of air 
required 
per cubic 
foot of gas 

Per 

pound 

Per cubic 
foot 

Hydrogen. . . 

H 

178 0 

62 000 

348 

2 408 

Carbon monoxide.. 

CO 

12.81 

4 380 

342 

2.388 

Methane. 

ch 4 

22.4 

23 842 

1 065 

9.57 

Ethane. 

c 2 h 6 

12.0 

22 400 

1 865 

16.74 

Ethylene. 

c 2 h 4 

12 8 

21 430 

1 675 

14.33 

Acetylene. ... 

c 2 h 2 

13.79 

21 430 

1 555 

tl 93 


Fuel-Storage. Space for fuel-storage must be based on fuel-consumption 
per season as estimated under Fuel-Consumption, and in government build- 
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ings it is customary to proportion the storage-space on the basis of 8 sq ft 
of floor-area per ton, the storage-space being made ample to hold an entire 
season’s supply. 

The following volumes per ton of 2240 lb of coal are given for proportioning 
storage-space: bituminous coal, 41 to ^5 cu ft, and may run as high as 49 cu ft; 
anthracite coal, 34 to 41 cu ft; charcoal, 123 cu ft; coke, 70.9 cu ft. 

This is based on fuel broken down ready for market. Also 1 bushel hard 
coal — 86 lb and 1 bushel soft coal =» 76 lb. 

Steam- and Hot-Water Heating Boilers 

Pressures, Attention, and Materials. Heating-boilers usually operate 

under much lower pressure than do power-boilers, and in most cases receive 
lar less attention. The steam-boilers are usually designed to operate on from 
2 to 5 lb steam-pressure, and the water-boilers or hot-water heaters are 
seldom subjected to a hydrostatic head in excess of 50 ft when in operation. 
The attention given these boilers is of such an intermittent character 
that they must carry the heating-load of comparatively long periods without 
firing. These periods may range from 6 to 10 hrs and in consequence the com¬ 
bustion-rate is low, and relatively large grates and fire-pots are necessary. 
The materials employed for constructing heating-boilers are cast iron or 
STEEL, cast iron being more common for the smaller sizes, although boilers of 
nearly 100 equivalent steam-boiler horsepower are made of this same material, 
and steel being more generally used in the larger sizes. The government 
departments usually specify steel heating-boilers, and they are used exten¬ 
sively in office and loft-buildings as well. 

Boiler Heating-Surface. The capacity of any boiler or water-heater 
depends on the amount of, and the temperatures on the opposite sides of, the 
heat-transmitting surfaces in contact with the water in the boiler on one side, 
and the fire or hot gases on the other. It is most important that a rapid cir¬ 
culation of water and the hot gases shall take place over these surfaces, and 
preferably in opposite directions. Two kinds of surface are distinguished in 
boiler-practice, and known as direct and indirect surface. Direct surface is 
that on which the fire shines, and indirect that in contact with the flue-gases 
only. All such surface must have water on the opposite side. In some boilers 
the hot gases arc allowed to come in contact with the boiler-surface above the 
water-line so that there is only steam in contact with this surface on the inner 
side. Such surface is known as superheating-surface in order to distinguish 
it from ordinary heating-surface. Direct surface is the more valuable of the 
two, per square foot, as it is usually subjected to a higher temperature, and 
furthermore because the intensity of radiation from an incandescent surface 
appears to vary as some power of the temperature of that surface, either the 
third or fourth. 

Equivalent Evaporation. The equivalent evaporation of a boiler is the 
pounds of water the boiler would evaporate per pound of coal burned if it 
received the feed-water at 212°, and evaporated it into steam at this same tem¬ 
perature and pressure, so that the evaporation would take place from and at 
212° F. In practice the feed-water is usually below this temperature and 
evaporation actually takes place at some higher temperature than 212°. 
Hence, to find the equivalent evaporation it is always necessary to make, 
use of the following relation: 


E 


fa's + ft - Qi ) p 
971.7 X 
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where the fractional part of the expression is known as the factor of evap¬ 
oration; so that 

E ■* factor of evaporation X P 

E tn equivalent evaporation from and at 212° F., in pounds; 
x% - quality of steam as actually evaporated; 

\ — latent heat of steam as actually evaporated; 

02 — heat of the liquid as actually evaporated; 
qi — heat of the liquid as actually fed to boiler; 

P » actual evaporation in pounds per pound of fuel burned; 

971.7 «* latent heat of steam at 212° F. 

Boiler Horse-Power. A boiler horse-power is the energy required to evap¬ 
orate 34.5 lb of water at 212° F. into dry steam of 212° F., or 

971.7 X 34.5 - 33 524 Btu 

The horse-power rating of a boiler is always measured in terms of the 
equivalent evaporation. Thus, if we divide the equivalent evaporation 
of a boiler by 34.5 we obtain the boiler horse-power developed. 

Boiler-Efficiencies. Heating-boilers, operated at their rated capacity, will 
show an efficiency of from 60 to 75%. This efficiency is the ratio of heat 
absorbed per pound of dry coal by the water and steam in the boiler to the 
actual heat-value of one pound of the coal, and is the combined efficiency 
of the boiler and furnace. 

Rates of Combustion for Heating-Boilers. Combustion-rates for varying 
sizes of grates are given in Table XV: 

Table XY. Rates of Combustion for Heating-Boilers 

Based on. anthracite coal 13 000 Btu per lb; boiler and grate efficiency, 65% 


Equivalent direct 
steam radiation, sq ft 
(240 Btu per sq ft). 
Design load 

Combustion rate 
lb per sq ft 
of grate per hour 
for design load 

Probable 
maximum 
combustion 
rate for 

starting-up load 

Assumed Ratio 

Starting up load 
Design load 

Up to 420 

4 85 

8 

WM&wm 

420 to 840 

5.00 

8 


840 to 2 500 

5.80 

9 


2 500 to 5 000 

6.70 

10 


5 000 to 7 500 

7.50 

11 

1.45 

7 500 to 12 000 

8.60 

12 

1.40 

12 000 to 16 000 

10.00 

14 

1.40 


The design load referred to in Table XV is the normal load to be carried 
by the boiler for which the radiation was calculated and is the equivalent radia¬ 
tion based on a heat emission of 240 Btu per sq ft, or, in other words, is the 
total Btu to be supplied by the boiler divided by 240. 

The boiler ratings given in manufacturers’ catalogues usually refer to the 
design load and not the maximum or starting-up load, and it is assumed 
that, with the size of chimney specified, the boiler is capable of developing the 
additional percentage of rating required for starting up with cold radiation. 
Some manufacturers prefer to give their ratings based on the maximum out¬ 
put as determined by tests for the conditions of operation as to firing period, 
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etc. In this case it is necessary to multiply the design load by the factors 
given in Table XV to arrive at the corresponding manufacturers* rating or 
divide the manufacturers’ ratings by these factors to arrive at the correspond¬ 
ing design load rating. 

It is essential that the designer of the heating system know the method of 
rating employed by the manufacturer of the boiler to be used in order that he 
may select the proper size. It is recommended that he always check the 
grate-area and fuel-holding capacity of the boiler selected by means of formulas 
given later in the text. It will be later noted that steel heating-boilers are 
rated by the manufacturer on a basis of grate-area and minimum heating- 
surface. 

Rating of Heating-Boilers. Standard Conditions. It is the general cus¬ 
tom of American manufacturers of heating-boilers to rate their boilers in terms 
of the number of square feet of standard direct cast-iron radiating-surface 
which the boiler is capable of supplying under the following conditions: 

(1) Steam boilers; steam-pressure 2-lb gauge at boiler. 

(2) I lot-water boilers; water-temperatures: 180° F. leaving, and 160° F. 
entering boiler. 

(3) Fuel; anthracite coal of stove-size. 

(4) Draft as supplied by the size of chimney recommended. 

The rate of combustion, or amount of coal necessary per hour for the 
boiler to develop its rating has, until recently, seldom been given; and the 
method of determining the rating has varied with different makers and is sel¬ 
dom stated. Moreover, it is possible for a boiler to be placed on the market 
and assigned a certain rating although such rating has never been actually 
checked by test. It therefore becomes most important to not only establish 
standard conditions for rating-tests, but to require the manufacturers 
to be in a position to produce certified test-sheets of such tests for his line of 
boilers. The standard conditions under which a boiler should be tested to 
develop its rating are generally understood by the manufacturers at the pres¬ 
ent time to be as follows: 

(1) Pressure, temperature and fuel as stated above. 

(2) Fuel-capacity to be sufficient to carry the boiler from 6 to 8 hr on one 
charge and leave 20% reserve for igniting fresh charge. 

(3) Draft of sufficient intensity to burn the fuel at the required rate. A 
chimney not less than 40 ft in height is recommended. 

(4) Each square foot of direct radiation has a heat-emission value of 240 
Btu, and 150 Btu per sq ft per hour for steam and water-radiators respectively. 
Radiation calculations based on these values is termed equivalent direct 
radiation. 

(5) The condensation from steam-radiators returns to the boiler at the same 
temperature as the steam, or without loss of heat, so that the boiler simply sup¬ 
plies the latent heat of evaporation at 2 lb pressure, or 971.7 Btu per lb 
evaporated. 

(6) The water from hot-water radiators returns to the boiler at 160°, allow¬ 
ing a 20° drop in the radiators, so that there is no loss in temperature allowed 
in the return-main. 

(7) Suitable hcat-allo'wance must be made for all connecting piping and 
boiler-surface, and such surface must be figured as radiating-surface or its 
equivalent. A general rule for obtaining the design load is to add, for an 
ordinary installation, about 25% to the sq ft of radiation installed, in calcu¬ 
lating the total load on the boiler, with either anthracite or bituminous fuel 
to allow for radiation-loss of piping and boiler. 
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(8) It is assumed that the amount of radiation installed is sufficient to 
maintain the desired room-temperature for the outside temperature employed 
in the heat-loss calculations. 

Equivalent Boiler t Horse-Power Rating of Heating-Boilers. The capacities 
of heating-boilers may be stated in boiler horse-power, and the equivalent 
of same in square feet of standard radiation may be easily determined as 
follows: 

Since 1 boiler horse-power is equal to 34.5 lb of water evaporated per hour, 
from and at 212° F., the boiler must deliver 

34.5 X 971.7 (latent heat at 212° F.) - 33 524 Btu per hr 

Now since 1 sq ft of standard cast-iron steam-radiation transmits 240 Btu 
per hour, 

1 boiler horse-power -» 33 524/240 «= 139.7 sq ft of this radiation. 

It also follows that the equivalent boiler horse-power rating of a hot-water 
heater is 

33 524/150 = 223.5 sq ft of direct cast-iron hot-water radiation. 

Grate-Surface. It is always advisable to check the grate-area required 
for heating-boilers, especially if the total heat-loss to be supplied by the boiler 
is known. This total heat-loss must include not only the calculated loss, due 
to transmission through walls and glass, for which the radiation is propor¬ 
tioned, but also about 25% additional for heat-losses from the piping system, 
boiler, etc. So that, if H is the building-loss in Btu, 1.25 H — total Btu-loss 
to be supplied by the boiler at normal or design load. 

Then 

G = 1.25JET/(C X F X E) 


where C - rate of combustion in pounds of dry coal per square foot of grate- 
area per hour (see Table XV), F = calorific value of fuel in Btu per pound of 
dry coal (12 000 is the usual assumption for anthracite coal), and E - the 
combined efficiency of boiler and grate (60% is the usual assumption). G is 
the grate-area sq ft and the boiler selected should have not less than this 
grate-area. The grate-area is usually given by manufacturers’ tables. Special 
attention is called to the distinction between grate-area and fire-box or 
fuel-pot area as explained below under Depth of Fuel-Pot. 

The grate-area required for the design load as determined by the code for 
rating low-pressure heating-boilers adopted by the Steel Heating Boiler Insti¬ 
tute (1929) is as follows: 


/catalogue rating (in sq ft steam-radiation) — 200 


25.5 


for boilers with ratings from 300 to 4 000 sq ft of steam-radiation. 


catalogue rating (in sq ft steam-radiation) 


16.8 


for boilers with ratings of 4 000 sq ft of steam-radiation and larger. 

This code further states that the boiler heating-surface in square feet must 
not be less than one-fourteenth of the rating in square feet of equivalent direct 
radiation. Manufacturers of steel boilers give both boiler heating-surface 
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and grate-area in their rating tables. Manufacturers of cast-iron boilers do 
not give boiler heating-surface in their literature. 

The above ratio (^ 4 ) is based on the builders’ rating for power boilers or 10 
sq ft of heating-surface per boiler horse-power. Therefore, 10 + 139.7 (sq 
ft radn. per b.h.p) «» Yi 4 (approximately). 

Depth of Fuel-Bed. The average of the fire-box area is usually somewhat 
larger than the grate-area in sectional boilers, while it may be less than the 
grate-area in certain types of round boilers. In any event the capacity of the 
fire-box or fuel-pot from grate to middle of fire-door for boilers of 2 000 sq ft 
rating and below should be sufficient to hold all the coal required for an 8 -hr 
firing-period, plus at least 20 % reserve to be used for igniting a fresh charge. 

The following method is used to determine the depth of pot or the firing- 
period as the case may be. Let G *• grate-area in sq ft, C <* rate of combus¬ 
tion, A average area of fire-pot, h *= firing-period in hours, W *■ weight 
of fuel per cu ft (50 lb for anthracite and 40 lb for bituminous), D » depth of 
fuel-bed in ft. Then (GCh) -f- 20% (allowance to ignite fresh charge) — total 
weight of one charge; also, AWD — total weight of one charge. Hence 

D - \2GChlAW f or h - AWV{1.2GC 

As noted above, D is measured from grate to center of fire-door, which varies 
with different boilers. This formula allows for the greater bulk of soft coal. 

Example. Given a boiler with grate-area of 8 sq ft, average area fire-pot 
9 sq ft, height to center of fire-door — 18 in, rate of combustion — 6 lb per 
sq ft of grate for anthracite coal. Required the number of hours this boiler 
will carry its load on one charging. 

Solution. 


h - (9 X 50 X 1.5)/(1.2 x 8 X 6 ) - 11.7 hours 

This item is stated in heating literature as either attention, firing period or 
fuel available in hours. 

Effects of Fuels on Ratings. Ail ratings are based on anthracite coal of 
stove-size unless otherwise stated. In case bituminous coal is used and the 
boiler is selected by catalogue-rating, a boiler with fire-pot having at least 25% 
greater capacity should be selected, for the same weight of coal occupies 25% 
more space. With soft coal additional heating-surface is also required as the 
accumulation of soot from such coal renders the heating-surface less effective 
than when hard coal is used. Boilers for pea-coal should also have a larger 
fire-pot than those for stove or furnace-coal. The small sizes of anthracite 
contain far more ash than the larger sizes, and hence have a greater bulk for 
the same heating effect; so that larger fuel-pots for the same capacity are 
required. Firing-periods, differing from the one on which the boiler is rated, 
will also affect the fuel-holding capacity. For example, if it is required to 
operate a certain line of boilers designed for an 8 -hr period on a 12 -hr basis, at 
least 50% greater fuel-holding capacity will be necessary and a larger boiler 
must be selected, as shown by the formula already given for the depth of the 
fuel-pot. 

Equivalent Rating for Conditions Other than Standard. It often happens 
that the load connected to a steam or hot-water boiler may not be operated 
under the standard conditions previously assumed as a basis of rating. In this 
case tables of ratings cannot be used until the equivalent value of this load 
in terms of square feet of standard cast-iron radiation has been determined. 

The following relations show a method for finding such equivalent values: 
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Let R - sq ft of equivalent direct radiation - 240 Btu per sq ft for steam, 
and 150 Btu per sq ft for water. Also let 

r *■ actual sq ft of radiation to be supplied; 

K - coefficient of transmission for this radiation; 
t s or t w = temperature of steam or average temperature of hot water in 
the radiator; 

t a - temperature of air surrounding radiator; 

KOs — *a) “ radiation-factor or Btu given off per sq ft per hr; 

Then 

Rs - ri X K\(t s - t a )/2 40, and R w - fj X K 2 (t w - *a)/150 

Example. (Steam-heating ) Required the size of boiler (rating in sq ft of 
standard cast-iron radiation) to suppiy 1 000 sq ft of direct pipe-coil radiation. 
Steam-pressure «= 5-lb gauge. Air « 65° F. K (by test) ■■ 2.42 Btu. From 
steam-tables, /, - 227.14, R - 1 000 X 2 42(227.14 - 65)/240 - 1 000 X 
(2.42 X 162.14)/240 = 1 634 sq ft. To this add 25% for pipe and boiler- 
radiation, or, 1.25 X 1 634 ■» 2 042 sq ft, practically a 2 000-sq-ft-capacity 
boiler will be required to carry the design load. The boiler must be capable of 
developing approximately 60% more rating (see Table XV for ratio of start¬ 
ing-up load to design load) to provide for the additional tax placed on the 
boiler for starting up with the chimney specified. The grate-area should be 
checked by calculation previously given to ascertain minimum size. 

G - 1.25H/(C X F X E) 

Example. (Water-heating.) Let Q — total number of gal of water to be 
heated in h hours. 

W — (8}/£ X Q) /h ® weight of water to be heated per hour 
ti «- initial temperature of water, t 2 *» final temperature of water 

Then W (h — h) ■» Btu to be supplied per hour. Hence W (t 2 — /i)/150 — 
hot-water-heater rating required. W ( t 2 — /i) 1240 - steam-boiler rating 
required. 

Example. A swimming pool contains 50 000 gal of water, and this water is 
heated by being passed through a hot-water heater in four hours. Entering- 
temperature — 50° F. and final temperature = 75° F. Hot-water radiation 
reduced to equivalent standard value — [(50 000 X 8}^)/(4 X 150)] x 
(75 — 50) - 17 350 sq ft •» rating of hot-wator heater, to which must be 
added 25% for losses from piping, plus the estimated heat-loss from the pool. 

Fuel-Consumption. The estimated fuel-consumption for heating- 
boilers per heating-season may be based on grate-areas, square feet of radia¬ 
tion installed, or cubic contents of building to be heated. The United States 
Treasury Department allows 5 tons of coal per sq ft of grate-area per season 
of 240 days, or 1 lb of coal per cu ft of contents of building for the same period. 
This applies to government buildings. The district steam-heating com¬ 
panies estimate 500 lb of steam per sq ft of direct steam-radiation per season, 
which is practically the same as 70 lb of coal of good quality. This is approxi¬ 
mately equivalent to assuming that one-third of the radiation installed is in 
operation continuously for 240 days. In other words, the coal required for a 
heating-season is about one-third the quantity that would be used if all the 
radiation were in constant use every hour of the day and night. This state¬ 
ment applies to the northern states. The amount of coal for maximum 
conditions is determined as follows: 
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Since each foot of direct steam-radiation or its equivalent will emit 240 
Btu per hour under conditions of 2 lb (220°) pressure at boiler, and 70° air sur¬ 
rounding the direct radiators (the piping on the average job may be roughly 
taken as 25% of the direct radiation); and since for approximation we may 
assume 8 000 Btu per pound of anthracite coal burned; we can readily esti¬ 
mate the amount of coal per hour if R - amount of direct radiation in 
square feet: 

(1.25 X R X 2.50)/8 000 - coal per hour in pounds 

In a heating-season of 7 months or 210 days of 24 hours each, there would be 
burned under maximum conditions during the entire period 

(1.25 X R X 240 X 210 X 24)/(8 000 X 2 000) - 0.103 R ton of coal 


the actual consumption being about one-third of the maximum possible, or 
0.034 R ton of coal for the heating-season For hot-water heating the fuel- 
consumption for the entire season is approximately 0.021 R tons. 

Types of Heating-Boilers. Cast-iron steam-heating boilers are designed to 
be operated at a maximum pressure of 15 lb per sq in, and the sections are 



Fig. 19. Sectional Type of Cast-iron Boiler 


tested by the manufacturer to about 100 lb per sq in, hydrostatic pressure. 
Cast-iron boilers are constructed of sections, which are connected by means of 
nipples of either the push or screw-type. The sections are held in place by 
means of long bolts. Round-type boilers have horizontal sections surround¬ 
ing the fire-pot, and in the sectional type the sections are placed vertically. 
(See Figs. 19, 20, and 21.) The maximum size of round-type boilers manu¬ 
factured is rated at about 1 400 ft. Sectional boilers are obtainable up to a 
10 000-sq ft rating. (See manufacturers’ catalogues for capacities, dimen¬ 
sions, etc.) 

Fire-box type of steel heating boilers, in sizes comparable with cast-iron 
boilers, are now manufactured by a number of concerns. 
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Down-draft smokeless type steel boilers may be obtained with two sets of 
grates, the upper being an inclined water-grate and the lower the usual type 
of rocking-grate. 


Non-Return Air Valve 
with Thermostatic Element 
Dry Return Main 


Air Eliminator 
Float Type 
Sin. 



MOTS. 

To Prevent Flooding Dry 
Return Main Boiler Frew, 
most not exceed 30 x .033- 
L3 Lb per Sq In 
(l'Vaier«.030 Lb Sq In ) 


Fig. 20. 


Trimmings and Connections for Sectional Steam-heating Boiler. 
System) 


(Vapor 


Minimum allowable heights and diameters or areas of chimneys are spec¬ 
ified and insisted upon by the manufacturers of the boilers. 



Smokeless Cast-Iron and Steel Boilers. 

Boilers having specially designed furnaces to 
provide for the volume of preheated air for 
the complete combustion of the volatile com¬ 
bustible matter given off in large quantities 
in the burning of soft coal, are now being 
made for use with free-burning soft coal, 
where local smoke ordinances would not 
permit the use of such fuel in ordinary 
boilers. 

Steel Heating-Boilers. There are two 
general types of all-steel boilers used for 



F|g. 21. Section of Round-type Fig. 22. Portable Type Steel Heating Boiler 
Boiler 


heating work, the fire-box type (Fig. 22) and the return tubular type. 

In the fire-box type the grate and combustion-chamber are surrounded by 
an extension of the steel shell which is water-jacketed. The products of com¬ 
bustion pass directly through the tubes to the smoke-flue located in the rear. 
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In the return tubular type, the boiler consists of a shell with tubes set in a 
brick setting, the grate and combustion-chamber being directly under the 
front portion of the shell. The products of combustion in this case pass under 
and around the shell to the rear of the boiler, and then through the tubes to the 
front into the smoke-box. 

Fire-box type boilers may be obtained in capacities ranging from 350 to 
32 000 sq ft of direct steam radiation. Detailed information as to capacities, 
dimensions, etc., may be obtained fron the makers’ catalogues. 

Selection of Heating-Boilers. Rating of Heating-Boilers. The rating is 
based on the amount of connected load (output Btu per hr or sq ft of equiv¬ 
alent direct radiation e.d.r.) which the boiler is capable of supplying at the 
boiler outlets under conditions of bring period, fuel, etc. specified: 2 lb gauge 
pressure for steam boilers; 180° F water leaving boiler for hot-water boilers. 
Boiler to be connected with the size and height of chimney recommended by 
manufacturer. 

Connected or Design Lead (H Btu per hr). Take the sum of the following 
items: (a) Estimated heat emission of connected direct and indirect radiation 
as determined by heat-loss computations. (5) Heat required for water-heating 
or other heat-consuming apparatus. ( c) Heat-loss from piping connecting 
boiler with radiation and other apparatus. 

Starting-Up Load (H X factor). 'The connected load is to be multiplied 
by the following factors to allow for heating up cold radiation in a reason¬ 
able time. This is the maximum load which the boiler is assumed to carry. 
(A.S.II.V.E. Code Min. Req’ts) 


Sum of Items a+b-fc Factor 

Up to 100 000 Btu hr. 1.65 

100 000 to 200 000 Btu hr . 1.60 

200 000 to 600 000 Btu hr. 155 

600 000 to 1 200 000 Btu hr. 1 50 

1 200 000 to 1 800 000 Btu hr . 1.45 

Above 1 800 000 Btu hr . 1 40 


Boiler Output Capacity to be Installed. Install a boiler provided with an 
output rating (Btu hr or e.d.r.) corresponding to the design load for the bring 
period (attention) hr desired. Then be sure that the maximum output rating 
of boiler with a short firing period (maximum rating stated by manufacturer) is 
not less than the estimated starting-up load. 

Beat-loss from piping (c) (Btu per sq ft pipe surface per hr). 


$4-in. 

Uncovered Covering 

Low-pressure steam (approximate). 360 90 

Hot water (approximate). 252 63 

Surrounding air assumed as 45° F. The frequent assumption for this item is: 
Add 25% for steam and 35% for water. 
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Chimneys for Heating-Boilers. (See, also, under Chimneys.) In order to 
produce an intensity of draft sufficient to properly operate low-pressure 
heating-boilers, hot-water boilers, and hot-air furnaces up to their rated 
capacity, the chimney should not be less than 40 ft in height, measured from 
the grate. No flue should be less than 8x8 in. The failure of many heat¬ 
ing-installations may be traced to insufficient draft to burn the fuel at the 
rate required to run the boiler or furnace to rated capacity. The tempera¬ 
ture of flue-gases leaving the boiler ordinarily ranges between 400° and 600° F. 
when the apparatus is worked at its rated capacity. The chimney should be 
so located with reference to any higher buildings nearby that wind-currents 
will not form eddies and force the air downward in the shaft, as shown in 
Fig. 23. The flue should run as nearly straight as possible from the base to 
the top outlet. The outlet must not be capped so that its area is less than 



Fig. 23. Relation of Height of Chimney to Draft 


the area of the flue. The flue should have no opening into it other than the 
boiler smoke-pipe. Sharp bends and offsets in the flue often reduce the area 
and choke the draft, and the flue must be free of any feature which prevents 
the full area for the passage of smoke. If the flue is made of tile, the joints 
must be well cemented, or all space between the tile and brickwork filled in 
tightly. There must be no open crevices into the flue where the tile sections 
meet, otherwise the draft will be checked. If the flue is made of brick, the 
stack should have outside walls at least 8 in thick to insure safety. The 
inside joints should be well struck, and each course should be well bedded and 
free from surplus mortar at the joints. The exposed bricks at the top of a 
brick chimney should be laid in cement mortar to prevent the acid fumes and 
rain from cutting out the joints. This will happen if lime mortar is used. 
The most desirable location for a chimney is near the center of the building, 
as all walls are then kept warm. If there is a soot-pocket in the flue below the 
smoke-pipe opening, the clean-out door should always be tightly closed. If 
this soot-pocket has other openings into it from fireplaces or other connec¬ 
tions, these openings check the draft and prevent the best results. The 
smoke-pipe should not extend into the flue beyond the inside surface of the 
latter. If it does extend beyond, its end cuts down the area of the flue. The 
joints, where the smoke-pipe fits the smoke-hood of the boiler, or where the 
pipe enters the chimney, should be made tight with boiler-putty or asbestos 
cement. Fire-clay flue-linings are used in the best practice for small and 
medium-sised flues. Rectangular flue-linings are rated by outside dimensions 
and round linings by inside dimensions. The reader is advised to obtain 
a copy of Chimney Ordinance of the National Board of Fire Underwriters. 
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Table XVI, Standard Dimensions of Rectangular Fire-Clay 
Flue-Linings 


(Eastern Clay Products Association) 
No allowance for radial comers 


Inside 
dimen¬ 
sions of 
flue- 
linings, 
in 

Inside 

cross- 

sec¬ 
tional 
area of 
flue- 
linings, 
sq in 

Thick¬ 
ness of 
shell, 
in 

Outside 
dimen¬ 
sions of 
flue- 
linings, 
in 

Outside 

cross- 

sec¬ 
tional 
area of 
flue- 
linings, 
sq in 

Cross- 
sec¬ 
tional 
area of 
shell, 
sq in 

Length, 

ft 

Approxi¬ 

mate 

weight 

per 

foot, 

lb 

Approxi¬ 
mate 
number 
of flue- 
linings 
per 
car 

34X 74 

23 56 

H 

44 X m 

38 25 

14 69 

2 

14 

1953 

34X114 

38 19 

X 

44X13 

58 5 

20.31 

2 

19 

1322 

64X 64 

39 06 

% 

74X 7 h 

56 25 

17. 19 

2 

14 

1784 

7HX 74 

52 56 

% 

84 x 84 

72 25 

19.69 

2 

184 

1335 

7 xim 

80 5 

X 

84X13 

110 5 

30 

2 

msTw 

892 

64X164 

109 69 

H 

84X18 

153 

43.31 

2 

37 

675 

114 x 114 

126 56 

X 

13 X13 

169 

42.44 

2 

35H 

709 

114X164 

182 84 

X 

13 X18 

234 

51.16 

2 

52 

482 

154X154 

248 06 

IX 

18 X18 

324 

75 94 1 

2 

69 

367 

174X174 

297 56 

IH 

20 X20 

400 


2 

1024 

241 

17 X21 

357 

14 

20 X24 

480 

123 

2 

115 

166 

21 X21 

I- 

441 

IX 

24 X24 

576 

135 

2 

125 

201 


Note. The standard sizes shown above are also manufactured with round openings 
for flue-rings. The diameter of the opening is cut to suit the outside diameter of the proper 
size flue-ring and allow clearance. Rectangular openings are not standard but can 
oe furnished to order. 



Fig. 24. Details of Construction of Fireplace 20 in Deep with “ Covert 
Improved Damper and Steel Smoke Chamber 


Series E 
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Flues for Kitchen Ranges and Fireplaces. For a kitchen range an 
8H by 8j^-in tile flue is ordinarily sufficient, but an 8H by 13-in is better. 
For fireplaces the sectional area of the flue for burning wood or bituminous 
coal should be from Ho to H the area of the fireplace-opening for a rectangu¬ 
lar flue, and H2 for a circular flue. For burning anthracite coal the areas 
may be reduced to H2 an d He» respectively. 


Table XVII. Covert Fireplace Throats and Dampers 


Series 

Damper 

number 

Front width 
of fireplace, 
in 

Base opening of throat not 
including flange, in 

Proper flue 
lining 
exterior 
dimensions, 
in 

Front 

Rear 

Depth 



24 

24 

18 

8 

8HX 8H 



30 

30 

24 

8 

8)4X13 


Bis 

32 

32 

26 

8 

8)4X13 



36 

36 

30 

8 

8)2X13 



42 

42 

36 

8 

13 X13 



48 

48 

42 

8 

13 X13 


454 

54 

54 

48 

8 

13 X18 


460 

60 


54 

8 

13 X18 


524 

24 

24 

18 

10 

8HX 8\i 


530 

30 

30 

24 

10 

8)4X13 


532 

32 

32 

26 

10 

8HX13 

E* 

536 

36 

36 

30 

10 

8)4X13 


542 

42 

42 

36 

10 

13 X13 


548 

48 

48 

42 

10 

13 X13 


554 

54 

54 

48 

10 

13 X18 


560 

60 

60 

54 

10 

13 X18 


* Series D is 8 in deep (inside measure) and is for fireplaces 18 in deep or under. Series E 
is 10 in deep (inside measure) and is for fireplaces 20 in deep or under. The above flue- 
sizes apply only to fireplaces having ordinary height. Smoke Chamber for 8)4 X 13-in 
flue is reversible and will properly connect, whether the shorter or longer dimension runs 
parallel with the breast. For 13 X 18-in flue it is necessary to know which dimension 
runs parallel with the breast. 


Selection of Chimney-Flues. (See, also, under Chimneys.) The selection 
of chimney-flues for heating-boilers must depend upon the judgment of the 
heating-engineer, but it is believed that Table XVIII, will assist the engineer 
and architect in selecting flues. It is necessary that area and height, 
THICKNESS OF WALLS, GENERAL STRUCTURE, and the POSITION OF THE TOP 
outlet with reference to the building and other buildings near by should be 
carefully noted and observed in the selecting or building of a flue. The 
figures given under the varying heights of chimneys are diameter-measure¬ 
ments in inches, or, the side of a square, the theory being that the spirally 
ascending column of smoke and gases will make a 12 by 12-in flue no more 
effective in practical working-area than a 12-in round flue. Rectangular 
shapes may be used if the area is equal and the difference in width and breadth 
is not extreme. A maximum ratio of 2 :1 for the internal dimensions should 
not be exceeded. 
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Warm- 

air 

furnace 
capacity, 
square 
inches 
of leader 
pipe 

Steam 
boiler 
capacity, 
square 
feet of 
radiation 

Hot- 
water 
heater 
capacity, 
square 
feet of 
radiation 

Rectangular flue 

Round flue 

Height 

in 

feet 

from 

grate 

Nominal 
dimen¬ 
sions of 
fire-clay 
lining, 
in 

Actual 
inside 
dimen¬ 
sions of 
fire-clay 
lining, in 


Inside 

diam¬ 

eter 

of 

lining, 

in 

Actual 
and 
effec¬ 
tive 
area, 
sq in 

790 


973 

8HX13 

7 X11M 

81 



35 

1 000 


1 140 




am 

79 




1 490 

13 X13 

11)4X104 

127 






1 490 

8^X18 

6*4X16)4 

110 






1 820 




12 

113 

40 




13 X18 

11^X16K 

183 





1 940 





15 

177 



2 130 

3 520 

18 X18 

15^X15^ 

248 





2 480 

4 090 

20 X20 

17)4X17)4 

298 



45 


3 150 

5 200 




18 

254 




MMEH 




20 

314 




8 250 

24 X24 

21 X21 

441 



55 


■fsa 

7 590 


20 X24 

480 





5 570 

9 190 


24 X24* 

576 



60 


5 580 





22 

380 



6 980 





24 

452 

65 


7 270 



24 X28 

672 





8 700 



28 X28 

784 










27 

573 



10 150 

16 750 


30 X30 

E 





10 470 



28 X32 

896 





KHE3 





30 

707 

70 


14 700 





33 

855 



17 900 





36 

1 018 

_i 



• Dimensions below are larger than those in which rectangular fire-clay flue-linings are 
commercially available and hence are for unlined rectangular flues—requiring thicker 
walls than when lined. 


Stacks for Tall Buildings are special cases and may be designed by methods 
used in the design of chimneys for power-boilers. (See Vol. 1, Mechanical 
Equipment of Buildings, by Harding and Willard. See, also, under Chim¬ 
neys.) 


Direct Steam Heating 

Systems of Direct Steam Heating in Use. Piping systems in connection 
with direct radiation may be divided into two general classes: (1) gravity 
CIRCULATING SYSTEMS and (2) MECHANICAL CIRCULATING SYSTEMS. The 

distinguishing characteristic is the manner in which the water of condensation 
is returned to the boiler. 

In gravity systems the condensate is returned to the boiler by gravity due 
to the static head or water in the return-mains, the system being a closed 
circuit. The elevation of the boiler water-line must consequently be below 
the lowest radiation with a gravity-return system. 

In the mechanical systems the condensate is generally returned by gravity 
to a receiver, ordinarily vented to the atmosphere, from which it flows to 
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a pump or return-trap and is forced into the boiler. This is not a closed cir¬ 
cuit and the relative elevation of the radiation and boiler water-line is not 
important. In the case of vacuum systems, a vacuum pump is attached to the 
return-main and may discharge the condensate directly into the boiler if low 
pressure or into a receiver located above the boiler, or into a feed-water heater 
with a high-pressure boiler installation. It should be understood that any 
gravity type of system hereinafter described may be changed into a mechan¬ 
ical system by the addition of a pump attached to the return-main. 

In general it may be stated that a mechanical system is required only for 
the following conditions: 

(a) When the elevation of the boiler in reference to the radiation is such 
as will not permit of the return of the condensate by gravity; 

( b ) When the boiler pressure is greater than the pressure supplied the 
radiation, as for example, a high-pressure boiler installation supplying steam 
through a reducing-valve to the radiation. 

The following types of steam-heating systems are in common use: 

One-Pipe Circuit Systems 
One-Pipe Relief Systems 
Two-Pipe Systems 
Air-Line Systems 

Vapor or Air Return Systems (two-pipe) 

Vacuum Systems (two-pipe) 

In all of these systems provision must be made to maintain the water in 
the boiler at the normal water-line level. 

One of the most prolific causes of cracking of the sections in a cast-iron 
boiler is the lowering of the water-line thereby uncovering heating-surface 
which is practically in contact with the fire. 

Owing to the loss of pressure in a gravity-return system caused by the 
frictional resistance of the piping, valves, etc., a static head of water must 
exist in the return piping, above the boiler water-line, equivalent to this 
pressure-loss (30 in per lb loss in pressure). When the system is started up 
with cold radiation a greater volume of steam is moved through the piping 
with a consequently greater loss in pressure and therefore a larger with¬ 
drawal of water from the boiler than is necessary during the normal heating 
period to create the necessary static head in the return piping. It is during 
this period that the cracking of cast-iron boiler sections sometimes occurs. 

If the return connection to the boiler is made at the normal waterline and 
a connection made to the steam space of the boiler or delivery line, it is 
evident that the lowering of the water-line will cease when the level of the 
water reaches the point where the return connection is made. Check-valves 
on the returns at the boiler are not required with this arrangement of return 
piping. The size of the steam connection to the equalizing pipe for various 
grate-areas is given by Fig. 25. This method of connecting the boiler returns 
is recommended by the National Boiler & Radiator Manufacturers Associa¬ 
tion, and the Boiler Insurance Companies. 

One-pipe Relief System. This system (Fig. 25) has been, in the past, 
perhaps the most popular of all types of steam systems and is applicable to 
multi-story installations. Only one pipe-connection is made to each radiator. 
Each radiator is equipped with an air-valve or connected with an air-exhaust 
System described under Air Line Systems. 

The steam-main, in this system, is reduced in size by the use of eccentric 
couptiNGS in proportion to the radiation supplied, as the riser-connections 
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are taken off, and is uniformly graded away from the boiler not less than 1 in 
in 40 ft and preferably 1 in in 25. Riser-connections that are dripped are 
taken off from the bottom of the main at 45° and pitched toward the riser. 

All Radiator Branches to Grade toward 
Maui or Riser 1 In in 5 Ft 


Ho Reduce Size of 
Steam Mam 



Riser 
Drip Loop 


Drip at End of 
Dry Return 


One-pipe Relief System 


Grate Area 
Sq Ft 

Size of 
Equalizer 

4 or Less 

4 to 15 

15 or More 

1H In. 

2X In. 

4 In 


|TAir Valve at End 
»* ** ■ I * of Steam Mam 




Dry Returns n A.V. 


UN 


I his Connectumlto be Made on 
Mean Boiler lVater Line 


''Method of Connecting Return to 
} Boiler without the Use of Check Valve 


Mills System 

Fig. 25. One-pipe Relief System and Mills System 

Each riser i9 dripped into the return-main which, if run below the boiler 
water-line, is termed a wet return and if run above the boiler water-line is 
termed a dry return. A dry return may be changed into a wet return by 
the installation of a false water-line as indicated by Fig. 26. 
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False Water line* Returns that must run above the boiler water-line, 
and therefore would naturally be dry, may be changed to wet returns, i i 
nec essar y, by the use of a false water-line which is established at the end 
of the return just before it drops to enter the boiler. This inverted seal or 
dam should be protected against the possibility of freezing, and should be 
provided with a by-pass valve, as shown in Fig. 26. It is usually possible 
to locate the seal in the boiler-room, near the boiler. It will be noted that the 
new water-line on the branch return is now at a distance D above the actual 
boiler water-line, which is still the water-line of all other returns except this one. 

A wet return is always considered more satisfactory whenever the build- 
A swing check-valve placed on the horizontal 
run of drip-connection to wet return is used 
and recommended by many engineers. Drips 
into a dry return should be made through a 
water-sealed drip loop 5 ft or more in depth (or 
30 in per lb pressure to be carried). No branch 
or lateral larger than the supply to a single 
radiator should be pitched against the steam- 
flow and drained back to the steam-main. 

The elevation of the end of the steam-main 
should not be less than 18 to 20 in above the 
mean boiler water-line and should be dripped 
into the return-line and provided with an au¬ 
tomatic air-valve preferably of the thermo¬ 
static non-return type as shown. The end of 
a dry return should be at least 18 to 20 in 
above boiler water-line as indicated (Fig. 25). 

Dry-return mains are pitched toward the 
boiler with a uniform grade or pitch of not 
less than 1 in in 40 ft and preferably 1 in in 
25 ft. 

Mills System. A more satisfactory arrangement (Fig. 25) for tall buildings 
and factory work is to run the steam-main near the ceiling of the top floor 
or the roof and install down-feed risers to serve the radiation. This 
arrangement of the piping is commonly known as the Mills System. In 
this case the steam and condensate flow in the risers in the same direction 
and higher velocities and consequently smaller pipe may be used than with 
an up-feed system. The risers are dripped at the bottom into the return as 
previously indicated. These systems are ordinarily operated with 2 to 5-lb 
boiler pressure at normal load. The steam-piping is usually designed for a 
loss in pressure of approximately 1 oz per 100 ft of run including allowances 
for ells and other fittings. 

Two-Pipe Gravity System. This system (Fig. 27) is adapted for use with 
large installations and for all work where indirect radiation is installed. The 
system consists of an independent steam-main, either run in the basement 
or overhead as with the Mills system, independent return-main and a 
separate steam and return connection to each radiator, which is of the 
hot-water type if cast iron (loops connected top and bottom). Each radiator 
is provided with an automatic air-valve or connected to a system of air- 
exhaust piping later described under Air Line Systems. 

Modifications of the two-pipe system where traps are used on the return 
end of the radiators, as with the vapor and vacuum systems, are later 
described. 


ing arrangement will permit. 
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The steam-main is reduced in size in proportion to the radiation supplied 
as the riser-connections are taken off. Eccentric couplings should always 
be used at the reduction points to avoid water-pockets. Riser connections 



that are not dripped should be taken off from the side of the main and it 
dripped from the bottom of the main. No branch or lateral larger than the 
supply to a single radiator should be pitched back and drained into the steam 
main. The steam-main in this case does not carry any condensation from 
the radiation except as noted in the preceding statement. The steam-main 
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at the end of run is dripped into the return main as indicated for the one- 
pipe belief system. Drips on the steam-main, except at points where a 
drip and rise is necessary to clear obstructions, are not recommended as the 



_____ Boil er Water Line- ), _] 

^■To Boiler 
Check ^4 Check 


„ Expanding 
Min /Steam Mam Bellows with 1 = r——U' 

m ' i -Volatile Liquid 


v; 


Wet Return Mam 



Thermostatic Trap 
CT.T.) 


Fig. 28. Vapor System 

velocity of the steam is ordinarily so high that little or no water will be 
removed by the drips. 

The return may be run either wet or dry. If run dry the return-risers 
must be provided with either a trap or drip-loop, as previously explained 
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under the One-Pipe Relief System. The elevation of a dry return should 
not be less than 20 in above the mean boiler water-line. A dry return must 
never be trapped. The elevation of the steam-main at the last riser-connec¬ 
tion should be at least 18 in above the normal boiler water-line and will of 
course be more if the return is run dry if the end of the dry return at the boiler 
is 20 in or more above the boiler water-line. An automatic air-valve of the 
non-return type should be installed at the end of the steam-main and dry 
return-main, as indicated. The grade of steam and dry return-mains should 
be at least 1 in in 40 ft in the direction of flow and preferably 1 in in 25 ft. 

These systems are ordinarily operated with 2 to 5-lb boiler pressure normal 
load, and the steam-piping is ordinarily designed for a loss in pressure of 
1 oz per 100 ft of run including allowance for fittings. (See Tables XXII 
and XXIV for Piping Sizes.) 

Automatic Radiator Air-Valves for Gravity Systems. The automatic 
removal or air from steam-radiators must be provided for if the highest effi¬ 
ciency of the radiating-surfaces 
is to be realized in gravity cir¬ 
culating systems. Manually con¬ 
trolled air-valves or cocks are 
usually neglected, and are seldom 
used for steam-radiators although 
their use is quite general for hot- 
water radiators. Fig. 29 sho.vs 
a float-type of automatic air- 
valve. Thermostatic air-valves 
are finding great favor in this 
field. The proper location of 
the AIR-VALVE on a steam-radia- 
tor is at the end of the radiator 
opposite the steam-inlet, and as 
near the bottom of the radiator 
as possible, since air is heavier 
than steam at the .same tempera¬ 
ture. In practice, however, the 
manufacturer of radiators usually 
places the air-valvetapping about 
two-thirds the height of the radiator from the floor in order to prevent 
possible flooding of the valve. 

Air-Line System. The air-line system (Fig. 30) may be attached to any 
one or two-pipe gravity system, and is applied by connecting the automatic 
air-valve of each radiator with small-size piping to an exhauster which main¬ 
tains a slight vacuum in the air-piping and effectually removes the accumula- 
lation of air in the radiators. As this scheme is a positive means of air- 
removal its application to the ordinary one or two-pipe gravity system will 
improve its operation. The original air-line system is known as the Paul 
system. The exhauster used for less than 2 500 sq ft is a water-driven 
vacuum-pump, with a pressure of at least 20 lb per sq in. Larger systems use 
a high-pressure steam-jet (see above), or if steam is not available, a motor- 
driven vacuum-pump of about horse-power, 1 in air-mains in basement, 
and a gate valve on each air-riser are used. The steam used varies from 
1 to 5% of the total condensation. Ail radiator-connections are made as 
shown. 





Fig. 30. Air-line System 


The steam-supply to each radiator is controlled by means of a graduated 
or fractional inlet valve (also termed modulating). This control permits 
a partial heating of the radiator in mild weather by admitting less steam than 
the radiator is capable of condensing for the condition of operation. There 
are several general types of vapor systems in use. The most common type 
vapor system (Type a) is a closed-circuit gravity-system employing ther¬ 
mostatic traps on the return-ends of the radiators, or one thermostatic trap 
for each return-riser as indicated. The condensation from the riser drips 
into a wet return-main and the accumulated air from the system is passed 
by the traps into a dry return-main. The arrangement of piping in this case 
is shown on the left-hand side of Fig. 28. The end of the dry return-main, 
at the drop, is equipped with a combination air-valve of the float type and 
a non-return air check-valve or vent. Normally, the vent opening in the 
float-chamber is open to the atmosphere and the air is expelled through the 
non-return check-valve, but should the water back up in the return the float 
doses the air-vent opening and prevents the water from escaping. A com* 
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bination float, thermostatic element and non-return check-valve is manufac¬ 
tured by several well-known manufacturers. The addition of the thermostatic 
element prevents the escape of steam should any of the thermostatic traps 
leak steam into the return. 

It is preferable to drip the steam-main and steam-risers directly into a wet 
return-main, as shown by the piping-arrangement on the left-hand side 
(Fig. 28). No thermostatic trap is in this case required at the base of steam- 
riser. One thermostatic trap may be employed for each return-riser in place 
of one trap for each radiator. In this case the dry return handles only the 
accumulated air in the system and vapor that leaks by the traps on the return 
riser-connections. If, owing to the building arrangement, the installation of 
a wet return is impossible, then the arrangement of piping with dry return, 
as shown on the right, may be used, in which case each radiator is equipped 
with a thermostatic trap on the return end. The steam-risers are in the 
latter case dripped through a thermostatic trap to the dry return and the 
return-riser connected to the dry return. The dry return handles all of the 
condensation as well as the air. Whenever a thermostatic trap is employed 
to drip a steam-riser or main it should be connected at least 4 ft from the 
pipe being dripped and the connection to the trap left uncovered so that the 
conduction of heat from the pipe being dripped will not affect the action of 
the thermostatic element. Unless this is done the conducted heat may be 
sufficient to prevent the trap from opening. 

The piping-system is ordinarily sized so that at normal or designed load, 
the pressure required at the boiler does not exceed approximately 8 oz or 
V 2 lb per sq in to circulate the steam to the most distant radiator. In mild 
weather the pressure required is lower and depends entirely on the heating 
load. The thermostatic traps used with this system pass air and water and 
only a slight amount of vapor into the dry return which is condensed in the 
return-piping. Practically no pressure, therefore, exists in the dry return- 
main so that the boiler pressure will be balanced by a column of water in the 
return-piping. The boiler safety-valve is usually set to blow at 1 lb per 
sq in pressure. In starting up the plant the damper regulator, which should 
be of the sensitive type, designed for the very low pressures used with this 
system, frequently permits the boiler pressure to exceed 1 lb per sq in before 
the fire can be sufficiently checked. The water will, in this case, stand in 
the return-piping approximately 30 in for each pound pressure per square 
inch above the boiler water-line. The end of the dry return-main, at the 
drop, should, therefore, not be placed less than 24 in and more if possible 
above the normal boiler water-line as indicated by Fig. 20. In normal 
operation the water in the return-piping will ordinarily not stand more than 
12 to 15 in above the mean boiler water-line. The steam and return-mains 
are pitched in the direction of the flow, the same as for the two-pipe system, 
not less than 1 in in 40 ft and preferably 1 in in 25 ft. The steam riser- 
connections are pitched toward the riser and taken off the bottom of the 
main at 45° except for a branch connecting a single radiator in which case 
the branch is taken off at the side and pitched k back toward and drained 
into the steam-main. 

Grade or pitch branch-connections approximately lin in 5 ft. The steam¬ 
piping in the system as with the other types is ordinarily designed for 1 oz 
loss per 100 ft of run including allowance for fittings. If the runs are long, 
a careful estimate should be made of the friction pressure loss through the 
system and such pipe sizes chosen as will prevent the loss during the starting- 
up period from exceeding approximately 1 lb per 3q in. (See example under 
Pipe Sizes for Direct Steam Heating.) 
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Lift Fittings, (W.W Co ) 
Vacuum System 


boiler into the trap, balancing the pressure, and allowing the water in the 
trap to return to the boiler due to the static head of water in the vertical 
return-connection to the trap. 

It is evident that with the positive return type of trap the boiler-pressure 
is not limited to a relatively small amount as with Type a system. 
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Vacuum Systems (Fig. 31). The mechanical vacuum system is a two-pipe 
system employing a thermostatic trap on the return-end of each radiator and 
a vacuum-pump on the main return. The thermostatic trap serves the same 
purpose here as indicated under Vapor Systems, namely, to freely allow the 
escape of air and condensation, but prevent the escape of steam to the return- 
line. The vacuum-pump delivers the condensate and air to an air-liberating 
tank with float which closes the air-vent when the tank becomes half full of 
condensate. 

Further accumulation of air and water creates additional pressure in the 


tank until the boiler pressure is exceeded and the condensate flows through the 
tank outlet to the boiler until the tank is about half full, when the float opens 
the vent and permits the accumulated air to escape. 


The modern vacuum-pumps are 
usually of the rotary type with the 
water impeller and air rotor located 
on one shaft directly connected, 
through a flexible coupling, with the 
motor. The air liberating tank, 
strainer, vacuum-breaker and 
vacuum-controller are all an integral 
part of the pump and mounted on a 
cast-iron base. These pumps are 
fitted with dual automatic control so 
arranged that the pump will be 


Connected to 
Return-End 
of Radiator 




Fig. 32. Thermostatic Trap Fig. 33. Detail Showing Method of 

Draining Bottom of Steam-riser in an 
Overhead System (Vacuum System) 


started or stopped by either the water-level in the receiver or the vacuum 
carried on the system independently. 

In the latest type of vacuum heating-systems installed in office-buildings 
and other large structures, the vacuum-pump is made of sufficient capacity 
and size to carry a relatively high partial vacuum on the complete system, 
including piping, steam and return-lines and the boiler. If the vapor-pressure 
in the radiators be varied, the steam temperature varies and consequently 
the heat-emission of the radiators is also varied. 

If the partial vacuum carried on the system be varied automatically as the 
outside temperature varies so that the heat emission of the radiation balances 
the heat loss of the rooms, a room-temperature control is obtained which 
approaches that of automatic control. This arrangement prevents overheat¬ 
ing in mild weather and results in a saving of fuel. In this system the partial 
vacuum on the boiler is varied from 0 in to 20 in of mercury with an average 
for the entire heating season of approximately 15 in, corresponding to approxi- 
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mately 73^ lb per sq in below atmospheric pressure and a corresponding steam 
temperature of 180° F. 

It is evident that, with the arrangement of control as outlined above, this 
type of steam system closely corresponds in operation and results obtained 
to those of a hot-water installation. 

The Dunham Differential System and the Warren Webster Moderator 
System are examples of this arrangement of control and may be applied 
to buildings requiring 5 000 sq ft of direct radiation and above. 


lUdWtloa 



Table XIX. Capacities of Dunham Vacuum-Traps 


Number 

-- T 

Size, ; 
in 

Capacity, 
direct 
radiation, 
sq ft 

Pipe- 

connec¬ 

tion, 

in 

Weight, 

lb 

Diameter 
of port, 
in 

Lift, 

in 

1 



M 

VA 



2 

Yt 

350 

H 

2'A 

*’ h 

Y 

3 


450 

H 




B.T. 

% ' 

1 500 

H 

13 

H 


B.T. 

1 

3 000 

1 

21 

1 



These traps are designed for steam-pressures not in excess of 10-lb gauge. For main 
and riser-drips, use no smaller trap than the No. 3, and install trap as per details. 

Care must be exercised in selecting a trap or traps of the proper size for hot-blast 
heating-coils. The Capacity-ratings for all traps are in terms of direct cast-iron radia¬ 
tion, on a condensation-basis of approximately 0.25 lb per sq ft per hr. Every unit of 
blast-coil must be reduced to that basis before trap-sizes are chosen and specified. (See 
Hot-Blast Heating for further details in reference to rating of vacuum-traps for hot-blast 
colls.) 


Design of Low-Pressure Steam-Heating Systems 

Amount of Radiation Required. The heat-loss, H, of the various rooms is 
calculated as previously indicated, and H is divided by 240. The result is the 
amount of equivalent direct radiation in square feet, nominal rating, required. 
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The heat-emission of cast-iron radiation for pressures up to 5 lb per sq in may 
be assumed as 240 Btu for all practical purposes of calculation. 

Rating of Boiler Required. If anthracite coal is to be used for fuel add not 
less than 25% to the total amount of direct radiation to be installed to allow 
for radiation-loss of boiler, mains, returns, etc. The steam-mains and risers 
should always be covered. See Rating of IIcating-Boilers for further data. 

Size of Mains, Branches and Return-Pipes. Steam-mains in low-pressure 
gravity systems are generally so proportioned that the loss in pressure, due to 
pipe-friction, does not exceed approximately 1 oz or 0 062 lb per sq in, per 106 
ft of run. For long runs a larger drop in pressure is permissible. The reason, 
for thus limiting the pressure-loss is apparent from an inspection of Fig. 35. 



Fig. 35. Location of Boiler and Arrangement of Pipe:* for Low-pressure Steam-heatmg 

Systems 

Owing to the fact that the steam is losing pressure as it flows through the main,, 
it follows that the pressure at the last riser will be lower than in the boiler. 
The difference in pressure, or pressure-loss, P, causes the water in the return- 
main to stand higher than the water-line of the boiler. The added height Z is 
equal to the height of a column of water which pressure P will support. Thus, 
if the boiler-pressure is 2 lb per sq in and the pressure at the far end of the 
main is, say lj z lb, with water weighing 61 lb per cu ft, or 0.035 lb per cu in, 
the water in the return will stand (2 — 1.50) -f 0 035, or Z = 14 in above 
the water-line of the boiler for a J' 2 -lb loss in pressure between the boiler and 
the end of main. It is apparent in this instance that unless the water-line 
of the boiler is about IS in or more below the last riser, or radiator-connection* 
water is quite likely to flood the steam-main and to be accompanied by a ham¬ 
mering and a poor circulation in the radiators located at or near the end of the 
run. Steam-mains are graded in the direction of flow approximately 1 in in 
10 ft. 

Referring to Fig. 35, and assuming a 7 ft-6 in, or 90 in, clear height of base¬ 
ment, and a boiler having a 72-in water-line and a length of steam-main of 100 
ft, it is evident that the boiler must be located in a pit, the depth, A", of which is 

6 + 10 + 18 -f- 72 - 90 - 16 in 

in order to maintain 18 in between the water-line in the boiler and the end of 
steam-main. The distance in practice should not be made less than from IS 
to 24 in. The extreme pressure-load stated, lb, in this illustration, is never 
approached in normal operation, when the mains are designed for 1-oz drop 
per 100 ft, but may approach the value stated when the system is being started 
up with cold radiators, when the rate of condensation is very much higher. 
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Allowable Pressure-Drop in Low-Pressure Vapor and Vacuum Steam- 
Heating Mains. It has been customary practice for a number of years to 
proportion steam-heating mains within buildings on a basis of 1-oz drop in 
pressure per 100 ft of run regardless of the length of the run. It is now con¬ 
sidered good practice to limit the total drop in pressure from the boiler to the 
farthest radiator about as follows for the various systems stated in Table XX. 


Table XX 



Total Drop 

One-pipe low-pressure gravity systems equivalent length run 


200 ft or less . ... ... 


Two-pipe low-pressure gravity systems equivalent length run 


200 ft or less.. ... ... 


Two-pipe vapor systems equivalent length run 200 ft or less 


One-pipe low-pressure gravity systems equivalent length run 


200 ft to 600 ft. 


Two-pipe low-pressure gravity systems equivalent length run 


200 ft to 600 ft. 


Two-pipe vapor systems equivalent length run 200 ft to 400 ft 


Two-pipe vapor systems equivalent length run 200 ft to 600 ft. 

4 oz 

Vacuum-pump systems equivalent length run 200 ft to 600 ft 

4 oz 

Vacuum-pump systems equivalent length run 200 ft to 1200 ft. 

8 oz 


To find the allowable pressure loss per 100 ft of run, divide the total allow¬ 
able pressure-drop as given above by the length of run in feet by 100. See 
Table XXI. 


Table XXI 


Total drop, 
oz per sq in 

Pressure-drop per 100 ft of run, oz per sq in and 
equivalent length of run, ft 

100 

200 

300 



600 

700 


900 

1 000 

2 

2 

1 

0 67 

lim 

0 40 

0 33 





4 

4 

2 

1 33 

i 

0.80 

0 67 

• • • • 




8 


4 

2 66 

2 

1.6 

1 33 

1.14 

1 

0 89 

0.80 


The pressure-loss in a pipe flowing full of steam may be approximated by 
Babcock’s formula 



in which W is the weight of steam flowing per minute in pounds, L the length of 
pipe in feet, d the diameter of pipe in inches, y the density of the steam and p 
the loss in pressure in pounds per square inch. See Table XXV for friction 
allowance of valves and ells. 

One square foot of direct radiation will condense, under normal conditions of 
operation, 0.25 lb per hr, and the density of steam, y, is 0.043 lb for a 2.3-lb 
pressure. The sizes of steam-mains given in Table XXII were calculated by 
the above formula. To allow for the fittings approximately twice this, or % lb 
per sq in per 100 ft of pipe may be assumed. The pressure-loss per 100 ft of 
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run serving various amounts of radiation is readily determined by means oi 
the charts, Figs. 36 and 38. 

Pipe Sizes for Low-pressure Steam, Vapor and Vacuum Systems. 

(Table XXII.) This table may be employed for sizing the piping within 
buildings for all types of low-pressure-steam and vapor systems and repre¬ 
sents modern practice. The rating given for the steam-mains is based on a 


Equivalent Direct Radiation (Con’d 0.26 Lb per Sq Ft per Ilr) 



FV 36. Friction Pressure-Chart for Low-pressure Steam-heating. (Pipe Sizes 
1 in to 3j 2 in) 

pressure-loss of 1 oz, 2 oz, and 3 oz per 100 ft of run. If it is desired to design 
the steam-main for a fixed total loss in pressure ( P ) for its length (L), proceed 
as follows. Determine the pressure-loss per 100 ft of run which will be equal 
to P x LflOO, locate this pressure-loss on the charts, Figs. 36 and 38, and 
determine the nearest size of pipe required from the intersection of the hori¬ 
zontal pressure-loss line with the vertical line corresponding to the weight of 
steam to be carried by the pipe per hour or equivalent direct radiation. It is 
always advisable in any large gravity steam system to check the total loss in 
pressure in the system by making use of the charts, Figs. 36 and 38. 














• Radiator branches more than 8 ft long to be one pipe size larger than table, 
f Based on tests by A.S.H. & V.E. Research Laboratory. 

X Based on 1-oz pressure-loss per 100-ft run. 
i See charts, Figs. 36, 38. 
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Equivalent Direct Radiation (Con’d 0.25 Lb per Sq Ft per Hr.) 



Fig 38. Friction Pressure-loss Chart for Low-pressure Steam-heating (Pipe Sizes 
2 } 2 in to 12 in) 


Table XXIII. Recommended Radiator Valve Capacities and 
Vertical Connections 




Two-pipe gravity 



Single- 

systems 


Size, 

in 

pipe 

gravity 

Radiator 

Radiator 

Vapor and vacuum systems 


systems 

supply 

return 




valve 

valve 


?'4 


30 

120 

Use manufacturers’ listed capacities of 

1 

20 

55 

190 

valves and return-traps Vertical 

ix 

55 

120 

385 

connections to be same size as valve 

\ m 

81 



and trap employed. Return hori¬ 

2 

165 

385 

* 

zontal runout to be not less than H in 














75° 
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Table XXIV. Capacities of Dry and Wet Return-Mains 

Capacities Stated in Equivalent Square Feet of Direct Radiation 


Nominal 

pipe 

size, 

inches 


One* and 
two-pipe 
gravity 
and vapor 
systems 
up to 200 ft * - 


Dry return-mains 

Ope- and two-pipe 
gravity systems 
exceeding 200 ft < 

in length * 

Length, L, feet 


Two-pipe 
vapor systems 
exceeding 200 ft 
in length * 


300 400 600 300 400 


15 000 10 700 13 400 11 700 


Vacuum system 


Wet return-mains 


Nominal 

pipe 


Return-mains and 
return-risers * 


Gravity and vapor systems, 
pressure-loss in water 
per 100 ft run t 


Length, L, feet 



200 400 600 



8 660 

16 250 j 13 325 
22 538 I 18 482 


• Recommendations of Joint Committee, A.S.H. & V.E. and H.P.C.N.A.; also A.S.H. 
& V E. Minimum Requirements Code. 

f Calculated from formula proposed by Dr. Biel. 

Note. For capacities for any length of run L' divide capacities given in table in the 

. . i « T , II (Length of Run at Top of Column) 

column under length L by\ -— ---- ----— -. 

\ L (Actual Length of Run) 

Minimum grade for steam and dry return-mains 1 in in 40 ft. 

Minimum grade for horizontal branches to radiators 1 in in 20 ft. 

Above table applies to pipes properly reamed and first-class workmanship. 














1620' 


Heating and Ventilation of Buildings 


[Chap. 30 


Table XXV. Allowance for Friction of Ells and Valves 


(Add to measured length of pipe the equivalent length given by table) 


Pipe size, 
inches 

Add for each 
globe-valve, 
feet 

Add for each 
eli, 
feet 

Pipe size, 
inches 

Add for each 
globe-valve, 
feet 

Add for each 
ell, 
feet 

1 

2 

1.5 

4 


13 

i H 

4 

3 0 

4 J 2 

24 

16 

m 

5 

3 5 

5 

28 

19 

2 

7 

5 

6 

37 

24 

2 X 

10 

6 

8 

53 

35 

3 

14 

9 

10 

70 

47 

3H 

17 

11 

12 

86 

58 


The loss by entrance to steam-line from boiler is assumed the same as for a globe- 
valve. 


Gravity Indirect Heating 

General Description. A satisfactory means of providing for the heat-loss 
in a room, and, at the same time, supplying air-ventilation, is accomplished by 
this system. The radiators properly encased with a sheet-metal casing, cov- 


Table XXVI. Final Temperature of Air Passing Over Indirect 
Radiation. Extended-Surface Type. Initial Temperature of 
Air, 0° F. Heater, One Stack in Depth. Four-Inch Spacing 
of Sections 


Velocity of air 
through free 
area of heater, 
in ft per min, v* 

Final temperature, f 2 » in 
degrees Fahrenheit 

Hot water, 
180° F. 

Steam at 

2-lb pressure 

50 

122 

147 

100 

100 

127 

125 

95 

120 

150 


113 

175 

86 

106 

200 

82 

102 


• Measured at 70° F. For first-floor registers a velocity of 150 ft per ram through free 
area and 150 ft per min for second-floor registers is the usual assumption. 


ered with insulation, are ordinarily hung from the basement-ceiling by means 
of light angle-iron or strap-iron, as shown in Fig. 40. Each radiator is ordi¬ 
narily provided with a fresh-air inlet and hot-air duct connecting the radiator 
with the room-register. A recirculating duct may be provided, as indicated, 
in order to economize on the heating in extremely cold weather if desired. 
There should be a separate vertical hot-air duct for each register to be sup¬ 
plied, connected with its own indirect radiator. Attempting to supply more 
than one register from an indirect radiator is not usually successful, or recom- 
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mended, unless a fan system is employed to give a positive air-flow as with the 
hot-blast system, described later. The hot-air ducts for the upper floors, for 



-ELEVATION, INDIRECT RADIATOR WITH 
G.I. CASING AND DUCTS 

Coring 

Fig. 40. Indirect Radiators, Casings, Connections, etc. 


best results, should be double pipe as later shown under furnace-heating. The 
indirect radiator is designed to present a maximum of heating-surface to the 
air passing over same. Among 
the various standard types for 
gravity indirect heating may be 
mentioned the Indirect Pin 
Radiator (Fig. 41), Excelsior, 

Sterling and Venlo. Indirect 
radiators arc now rated accord¬ 
ing to the temperature-incre¬ 
ment, or rise, which they are 
capable of giving to the air 
passing between and over the 
sections of the heater for vari¬ 
ous velocities of air, initial 
temperature, and temperature 
or pressure of the steam, or 
temperature of the hot water. 

The velocities stated are, for 
convenience in rating, based 
on air at 70°. The free or unobstructed area means the net area between 
hcatcr-sections after deducting the area of the projecting surfaces from the 
gross area. Limitations of space prevent giving more than these data for 
one type of indirect radiator. 



Fig. 41. School Pin Indirect Radiator for Steam 
or Water 
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Table XXVI gives the results of tests made on Vento, indirect radiation, 
American Radiator Company. (See Fig. 42.) 

(—V 


Egwjil jMj 


NitHimi 


HTTi 


pngEM 

1 wwW 

BAhhH m 

BBaMBteal 

nBRptll 





Size 

Heating- 
surface, 5 , 


sq ft 

30-m section 

8.00 

40-m section . 

10.75 

50-in section. 

13.50 

60-in section . .. 

16.00 





Spacing of sections, 4 in on centers for gravity air-circulation. 

Weight of Air to be Circulated per Minute, W; t\ — temperature of air 
leaving register; / - temperature of room. 0.24 - sp heat of air; H - heat- 
loss of room to be warmed in Btu per hour; V - volume of air in cubic feet 
per minute measured at 70°. 

Then W ■■ Ej[ 60 x 0.24(/i — /)!»lb of air per min 

V ■■ W7(0.075 •» the density of the air at 70°) 

Area of Indirect Heating-Surface Required, S; t 0 = initial temperature of 
air entering indirect heater; h - final temperature air leaving heater - h 
+ 5° (assumed temperature-loss in hot-air duct); V - velocity through free 
area of heater in feet per minute, measured at a temperature of 70°; F - total 
fire-area required in heater, in square feet; a » free area for one section of 
heater in square feet, n ■» number of sections required. 

Then F *■ VJv — JF/0.75t\ n — Fja and S — n x s 
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Example. Required the amount of indirect low-pressure steam-surface of 
the extended-surface type, the number and size of sections, and the over-ail 
dimensions of an indirect radiator to supply the necessary heat to warm a 
first-floor room, the heat-loss of which is H =■ 20 000 Btu per hour. All the 
air is to be taken from the outside, the temperature of which is " 0° 
The inside temperature to be maintained is t — 70° F. 

Solution. It is first necessary to assume a temperature, for the air enter¬ 
ing the room in order to calculate the amount or weight, W, of air required to 
be circulated to convey the heat required to make up the heat-loss II. 

Assume /j «■ 95° and t% = l\ + 5 (loss) = 100°; and v = 100 ft per min 
from Table XXVI. 

Then W - 20 000/[60 X 0.24(100 - 70)] - 46.3 lb per min 

and V = 46.3/0.75 « 617 cu ft per min, measured at 70° F. 

Assume 40 in .as the length of section desired in this installation, 
a - 0.35 (Table XXVII) ; 

F == 617/100 =>6 17, the total square feet of free area required; 
n «= 617/0 35 *=» 18, the number of sections of 40 in. 

Vento is, therefore, required, giving a total heating surface of 
S - 10.75 X 18 - 193 5 sq ft 

Dividing this equally between two indirect radiators the width of each heater 
is equal to 9 (sections) X 4 (spacing-sections) - 36 in. 

Low-Pressure Boiler-Rating Required for Gravity Indirect Radiation. 
The amount of heat given up to the radiator is 

h «- 0 24lF(/2 — / 0 ) X 60 Btu per hr 

The equivalent rating in square feet of direct radiation is therefore R = 
h/ 240, plus 25% for radiation of mains, returns, etc. 

Example. Required the equivalent low-pressure boiler-rating to supply 
the indirect radiation in preceding example 

Solution. 

h - 0.24 X 46.3 (100 - 0) X 60 * 66 672 Btu per hr 
R - (66 672/240) X 1.25 = 347 sq ft 

Table XXVHI. Theoretical Velocity (V) of Air, in Feet per Second, 
Due to Natural Draft 


Height 
of flue 
in feet, E 


Excess of temperature in flue above external air 


10° 

15° 

20° 

25° 

30° 


100° 

150° 

1 

1 1 

1 4 

1.6 

1.8 

2.0 

■3 

3.6 

mm 

5 

2 5 

3 1 

3 6 


4 5 

Bo 

8 1 

Kxfl 

10 

3 6 

4 4 

5.1 

5 7 

6 6 

8 1 

11.4 

■si 

15 

4 4 

5 4 

6 3 

7 0 

7 7 

9.9 


17.1 

20 

5 1 

6.3 

7.2 

8.1 

8 8 

11 4 

16.1 

19.8 

25 

5 7 

7.1 

8 1 

9 0 

9 9 

12 8 

■iKn 

m*nm 

30 

6.3 

7 8 

8.8 

9 9 

10 8 

14.0 

10.8 

KM 

35 

6.8 

8.4 

9.5 

mSM 

11.7 

15.1 

22.3 


40 

7.3 

8.9 

10.2 

11 4 

12.5 

16.1 

22.8 
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Area of Hot-Air Ducts for Gravity-Circulation. A velocity of approxi¬ 
mately one third of the theoretical velocity attainable by natural draft, due to 
the smaller density of the heated air, is assumed in practice in proportioning 
the area of the hot-air ducts. 

Example. Required the size of hot-air duct for each of the indirect 
radiators in the preceding examples for a first-floor installation, the effective 
height E being 5 ft. 

Solution. The excess of temperature in the flue above the external air is 
100 - 0 - 100°. The theoretical velocity in the duct, from Table XXVIII, is 
8.1 X 60 - 486 ft per min. The actual velocity is approximately one third of 
this, or 162 ft per min. The weight of air per minute passing through the flue 
is 23 lb, or 

23/(0.071 (density at 100°)] - 324 cuft 
The required area of the flue is therefore 

324/162 = 2 sq ft - 288 sq in 

The gross area of the register-face must be approximately 1.8 this amount 
or 518 sq in, to obtain the same free area through the register-grill as exists in 
the flue or duct. Sizes of standard registers are given in the section on Fur¬ 
nace-Heating. 


Direct Hot-Water Heating 

Systems in Use. Systems for heating with direct hot-water radiators, like 
the direct steam heating systems, may be divided into two general classes, the 
first of which includes all those systems operating ry gravity only, depend¬ 
ing on the difference in density of the water-columns in the flow and return¬ 
lines to cause circulation. The second class includes those systems in which a 
forced circulation is maintained by means of a pump placed on the return¬ 
line just before it enters the boiler or heater. These latter systems are em¬ 
ployed usually only in large installations or in district-heating service. 

Gravity Hot-Water Heating Systems. The gravity systems are divided 
into the upfeed systems, using basement-mains, and the downfeed systems, 
using overhead or attic-mains. The upfeed systems may have either a one- 
pipe basement-main or two-pipe basement-mains, and the latter type may 
have either a direct or a reversed return-main. (See Figs. 43 and 44 for 
reversed return.) The downfeed systems may have either single or double 
risers. Either system may be operated with an open or closed expansion- 
tank, as shown in Figs. 43 to 46. In general, the downfeed or overhead sys¬ 
tems are more positive, permit the use of smaller mains and risers, and provide 
for the automatic removal of air from the radiators and piping. It is neces¬ 
sary, however, that the head room or clear space in the attic should be at 
least 4 or 5 ft if the overhead mains and branches are to be properly installed. 
It is sometimes possible to run the overhead mains at the ceiling of the top 
floor, and in such cases the above restriction does not apply. Mains run in 
attics must be well insulated to prevent freezing. The underfeed systems are 
used where basement-space is available, and of little or no value, and the 
radiation is located on two or more floors; or where attic-space is so limited 
that it would not be possible to install overhead mains and branches. Under¬ 
feed systems are liable to prove unsatisfactory in buildings less than two 
stories in height, as the motive head with radiators on the first floor only is so 
slight that faulty or deficient circulation is quite likely to result. 
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The Upfeed One-Pipe System. The upfeed one-pipe system is in gen¬ 
eral use today, and is employed almost exclusively by the United States 
Treasury and War Departments whenever upfeed hot-water systems are to be 
installed. In this system, as shown in Figs. 48 and 50, the supply-main rises 
close to the basement-ceiling just above the boiler and grades down in the 
direction of flow, with a uniform grade of % in in 10 ft. Branches are taken 
from the top of this main for supplying flow-risers and the return-branches are 
made into the side or bottom. (Fig. 45.) Flow-connections should always be 
made from the top, or at an angle of 45° in the case of branches near the boiler, 



Figs. 43, 44, 45 and 46. Hot-water Heating. Two-pipe Up-feed System 


or for branches supplying only upper-floor radiators. It will be seen that in 
the case of branches supplying radiators on all floors the upper-floor radiators 
may be made to pull or augment the circulation of the first-floor radiators by 
taking the basement-branch for the former from the side of the branch run¬ 
ning to the latter radiator. The first-floor branch is usually run full size all the 
way to favor the lowest radiator, as shown in Fig. 50. After having served all 
the radiator-branches the main drops and returns to the boiler, continuing the 
same size for the entire circuit. Connections (Fig. 48) to radiators should be 
made at the top on the supply-end, using a union elbow, and at the bottom on 
the return-end, using a quick-opening hot-water radiator-valve with union 
connection. By this arrangement only one valve is required to control the 
radiator. Since the temperature of the water in the one-pipe main gradually 
drops, due to the return of water at a lower temperature from the radiators 
served in the course of the main around the building, it is advisable to increase 
the last radiators on the main from 5 to 10% in area and to increase the size of 
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To Expansion-* 
Tank <g§i 


^Grade X*in l(£o' 

= Fia. 48 

ONE-PIPE UNDERFEED f 

SYSTEM,OPEN TANK L 

F.ot Piping-Sizes See P 

Tables XXIX and XXX CZ 


Figr'49 

I HONEYWELL GENERATOR, 
FOR USE WITH A CLOSED- 
TANK SYSTEM 


X § ol 

ill 

& i 


js~ Grad© Down 

at least 

Fig. so 

PLAhf 
Fig. 51 

? USUAL METHOD 

* FOR SMALL SYSTEMS 


figs. 47, 48,49, 50 and 51. Hot-water Heating. Expansion-tanks. One-pipe 
Underfeed System 

branch and riser-connections at the end of the main by a one-pipe size. Pipe- 
sizes may be taken from Tables XXIX and XXX. In using the tables all 
mains must be measured back to the boiler, and risers to any floor are propor- 
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tioned to supply all the radiation above that floor as well as the radiator actu¬ 
ally installed on that floor, as shown in Figs. 48 and 50. 


Table XXIX. Hot-Water Heating. Piping-Sizes. Open-Tank 
(Upfeed with Basement-Mains) 


Mains up to 100 ft 


Pipe-size 
in inches 

Direct 
radiation 
in square feet 

Indirect 
radiation 
in square feet 

l X 

135 

100 

i X 

220 

135 

2 

350 

225 

2 H 

460 

320 

3 

675 

500 

34 

850 

650 

4 

1 100 

850 

4} 2 

1 350 

1 050 

5 

1 700 

1 ^50 

6 

3 600 

2 900 

7 

4 800 

3 900 

8 

6 200 ! 

5 000 

9 

7 700 

6 300 

10 

9 800 

7 900 

12 

14 000 

1 

11 400 


Table XXIX was compiled by J. J. Hogan, and is to be used for either one or two- 
pipe work. 

Length of main must be measured back to boiler. 

For mains over 100 ft, reduce capacity in the ratio of 



Table XXX. Hot-Water Heating. Piping-Sizes. Open-Tank 
(Upfeed with Basement-Mains) 

Branches and risers 


Pipe-size 
in inches 

Floor 

First 

Second 

Third 

Fourth 

Direct radiation in square feet 

X 

30 

45 

55 

70 

1 

60 

75 

85 

95 

IX 

110 


135 

150 

IX 

180 

105 

210 

230 

2 

290 

320 


370 

2X 

400 

490 

525 

550 

3 

620 

650 

690 

730 

3M 

820 

870 

920 

970 

4 

1 050 

1 120 

1 185 

1 250 

4X 

1 325 

1 400 

1 485 

1560 


Table XXX was compiled by J. J. Hogan, and is to be used for either one or two 4 
pipe work. 
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The Upfeed Two-Pipe System. The upfeed twopipe system is also In 
very general use, and if installed with a reversed return, as shown in Figs. 
43 and 44, will give good results. If a direct return is used so that the water 
circulates first through the radiators nearest the boiler, and then through each 
succeeding group in turn, the ends of mains will be slow in warming up, the last 
radiators may be cold, and the system prove unsatisfactory. With the rf.- 
versed-return system each group of radiators has exactly the same length of 
water-travel, and hence the resistance to be overcome is practically the same, 
irrespective of the distance of the radiator-group from the boiler. It will be 
noted that the return begins at the first radiator served and flow’s in the same 
direction as the flow-main, increasing in size while the latter decreases. The 
flow-main grades up uniformly % in in 10 ft, and the return grades down 
toward the boiler with the same pitch. Pipe-sizes may be taken from Tables 
XXIX and XXX as in one-pipe work, and the main-size reduced or increased 
as rapidly as the change in radiation supplied will permit. It is also customary 
in government work to install a starting-pipe (Fig. 4.1), between the main 
flow and return at the boiler, in underfeed systems. This pipe ranges from 
1)4to in in size, depending upon the capacity of the boiler, and is intended 
to assist in the establishment of an initial circulation between flow and return- 
headers, even before the water in the mains is moving. 

Equalization-Table. In Federal-building work N. S. Thompson makes use 
of the following Equalization-Table in proportioning mains and risers serving 
more than one radiator in both upfeed and downfeed systems. The equal¬ 
izing-numbers represent the relative capacities of the different sizes of pipes for 


Table XXXI. Equalization-Table for Mains and Risers 



Example. A li^-in, l l A-m and 2-in pipe have a total value of 110 units, and hence 
are equivalent in carrying capacity to a 2M-in main. 


the same friction-pressure loss per 100 ft of run, and are proportional to the 
5/2 powers of the diameters. Thus the weight of water flowing varies as shown 
by the relation, W =* Kite, in which W ® weight, / <=> a constant, and d — 
pipe-diameter. 

Details of Piping Systems and Connections for Direct Hot-Water Heating. 

The distinctive piping-details of each system of hot-water heating have been 
discussed under that system, as described in the preceding paragraphs. In 
general all main piping and branches must be uniformly graded, as already 
indicated, and ample provision made for expansion and contraction, and 
the ready removal of air from all parts of the system. Air-traps or pockets 
in a hot-water system are fully as serious as water-pockets in a steam system. 
Hence a hot-water main grading down in the direction of flow cannot be 
relayed unless an air-outlet is provided at the top of the relay. If the main is 
reduced in size at any point an eccentric fitting must be used to keep 
the top of the large and small main in the same plane and avoid an air-pocket. 
Not only must all the piping be designed to permit the removal of air, but free 
and complete drainage of water must be provided for as well, so that when 
the drain or blow-off cock is opened at the boiler the entire system can be 
emptied of water. If branch-mains are taken from a header at the boiler 
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they must all rise to the same elevation so that the tops of all the branches 
will lie in the same plane as they start away from the boiler. The fittings on 
all main piping and branches must be of the long-sweep pattern, and all pipe 
should be carefully reamed to remove burrs and sharp edges. Where the same 
riser supplies radiators on two or more floors the branches to the radiators on 
the intermediate floors may be connected with special tees (Fig. 46) known as 
O. S. fittincs, with a deflector arranged to divert the current of flow into the 
outlet of the tee, and thus favor the radiators on the intermediate or lower 
floors. By using top-flow and bottom-return connections at each radiator 
it is possible to positively control each unit by a single valve, except for the 
slight circulation intended to prevent freezing, which takes place through the 

e-in-diameter hole drilled in the valve-disc or sleeve, when the valve is 
closed. If both connections are made at the bottom tappings, and only one 
valve is used, it is entirely possible that the radiator may still be supplied with 
hot water through the unvalved connection even when the valve is closed. 

Air-Removal in Hot-Water Systems. Suitable provision must be made for 
the removal of air from all hot-water radiators, wherever an upfeed system 1*3 
installed. Usually small air-cocks are attached to the highest point of each 
radiator and are periodically opened to relieve any accumulation of air. If 
these cocks are forgotten a radiator may become air-bound and fail to heat 
because of faulty circulation; hence automatic air-vaives are sometimes 
installed for this purpose. The automatic air-valve for hot-water radiators is 
not very generally used, due to its liability to pass water as well as air; but a 
standard type, made by the Monash-Younker Company, may be mentioned. 

Expansion-Tanks for Hot-Water Heating. Open-Tank Systems. The 

low-pressure system of hot-water heating is not a closed system, as provision 
must be made for expansion and contraction of the water within the system. 
An open tank is provided at a suitable elevation, not less than 3 ft above the 
highest radiator, and connection made to the nearest return-riser; or prefer¬ 
ably a separate expansion-line is run to the flow or return-main in the base¬ 
ment. The size of tiie expansion-tank varies with the amount of water in 
the system, and also with the range in temperature of same, and its capacity is 
determined as follows: 

The increase in volume of a given weight of water heated from 32° to 212® is 
about J’o.s, or approximately 4.33%; so that for every 23 gal in the system at 
32°, an allowance of 1 gal must be made in the expansion-tank when the water 
in the system is raised to 212°. Cast-iron radiators have an internal volume of 
pints per sq ft, while steel radiators and 1-in pipe hold about 1 pint per sq 
ft. Assuming the internal volume of the radiators to be about 50% of the 
entire system, we have for 3 000 sq ft of actual radiation, 3000 X 2 X gal 
« 750 gal of water. This water will increase l 2 3 X 750 « 33 gal on being 
heated from 32° to 212°. Hence an expansion-tank of 2 X 33 ** 66-gal 
capacity is necessary, the tank being made double the theoretical volume for 
practical considerations. 

A list of expansion-tank capacities and dimensions is given in a table 
(included with Figs. 47 to 51), from which a commercial tank may be readily 
selected for systems under 6 000 sq ft. For larger systems the sire of tank 
should be separately determined and the nearest commercial tank-size, as 
taken from the manufacturer’s list, should be specified. These tanks should 
have 1 or 1^-in top and bottom tappings with J^-in water gauge tappings, for 
connecting a gauge-glass, at least 12-in long, on the side of the tank as shown 
in Fig. 43. The tank must be securely supported well above the highest radia¬ 
tor in the system, and in the larger installations special framing must often bo 
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designed to carry the weight of tank and water. Automatic expansion-tanks 
equipped with a ball-cock and overflow are sometimes installed, and the alti¬ 
tude-gauge on boiler, and the gauge-glass and fittings on tank omitted. These 
tanks may be covered with hardwood and varnished if it is necessary to place 
them in a finished room or apartment. 

Expansion-Tank Connections. The most approved method of connecting 
an expansion-tank to a low-pressure one-pipe system is shown in Fig. 48, 
where an expansion-and-vent line is run from the top of the main, at the high 
point just above the boiler, and connected to a return-bend just beneath the 
tank. A return circulating-line is taken from the other side of this bend and 
connected with the return-main at the boiler. The circulation of water in 
this loop will prevent freezing at the tank. From the top of the tank a 1 %-' ln 
vent-line is taken through the roof, and a 1 J^-in overflow is taken out of this 
vent-line at a tee just above the tank. This overflow should discharge into 
an open sink or drain near the boiler so that it will be immediately evident 
to a person in the boiler-room, filling the system, just when the water has 
risen to the overflow above the tank. The movable hand on the boiler 
altitude-gauge can then be set to correspond with the middle of the gauge- 
glass, and the water-level brought to this point with the system cold. No 
valves should ever be installed on either the expansion or the overflow-lines, 
and in case the system is valved at the boiler the expansion-line must be con¬ 
nected on the boiler-side of this valve; and where two boilers are installed 
this line must be carried to a point above the waterline in the expansion-tank 
to prevent siphoning the water out of the entire system in case it is necessary 
to drain only one boiler. Expansion or vent-pipe connections must always 
be so made to main-piping in basement so that all air will be automatically 
removed from high points. Wherever possible risers or branches to risers 
may be used for relieving any accumulation of air in the main-piping. In 
small installations the expansion-line may be connected to the return- 
riser of one of the highest radiators, and no overflow other than the vent need 
be provided for, as shown in Fig. 51. This is a cheap method, and should 
not be resorted to unless extreme economy must be practised. The tank must 
be in the same room with the radiator to prevent freezing, as no circulation 
is provided for, and the overflow is simply discharged out of doors and usually 
upon the roof. The usual result is that an unsightly appearance is soon created. 

The United States Treasury Department employs a special vent and over¬ 
flow connection (Fig. 47) in cold climates, where there is liability of the vent¬ 
line freezing up if run out through the roof, due to the condensation and 
freezing of vapor passing out through this line. The vent-line is made only 
2 ft high above the tank so that it is kept within the building, and it is 
equipped with a check-valve to prevent the escape of water through the same 
in case the tank should suddenly overflow. The closing of the check-valve 
will compel the excess water to pass down the overflow, and prevent the 
flooding of the building. 

Closed-Tank Systems. The permissible temperatures in any hot-water 
System are limited by the pressure on the system, which latter factor deter¬ 
mines the point at which boiling will take place. The pressure at any eleva¬ 
tion in an open-tank hot-water system will vary directly with the distance 
below the level of the water in the expansion-tank, and hence it will be possible 
theoretically to carry the water in the boiler at a temperature corresponding 
to the hydrostatic pressure at the boiler before boiling would occur. The 
relation between hydrostatic head, pressure and boiling-point are given in 
the following table: 
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Table XXXII. Relation between Hydrostatic Head, Pressure 
and Boiling-Point 


Hydrostatic head in 












feet. 

0 

12 

24 

37 

49 

61 

74 

87 


113 

125 

Pressure in pounds 












per square in. 


5 

10 

IS 

20 

25 

30 

35 

40 

45 

50 

Boiling-point. 

212 

227 

239 

250 

259 

268 

274 

281 

287 

292 

298 


Practically it would be quite impossible to carry temperatures in excess of 
212° in any part of an open-tank system, as the high-temperature water would 
immediately rise Into the open tank and boil. In order to overcome the lim¬ 
itations of the open-tank system, in which water will always boil as soon as a 
temperature of 212° F. is reached, various means of increasing the pressure in 
these systems have been resorted to in the attempt to carry a higher water- 
temperature in the radiators in very cold weather than would be possible 
with an open-tank system. These devices have usually been installed on 
the expansion-line, either at the boiler or else just below the expansion-tank 
and the static head increased by interposing a column of mercury in the path 
of the expanding water as it flows into the expansion-tank. 

A common form of the apparatus, known as the Honeywell Heat- 
Generator, is shown in Fig. 49, in which it is seen that water entering the 
generator from the system will force the mercury up the inner tube A until 
a head of 20 in or 10 lb is established, at which time the entrance to this tube 
will be uncovered by the mercury and water or air may enter it and pass to 
the expansion-tank. Any excess of mercury above that required to just fill 
tube A is returned by tube B to the reservoir in the base. When the system 
cools off water can flow back down tube A as soon as the mercury-column 
drops in it, and the slight head of mercury then existing at the outlet of this 
tube is easily overcome by the head of water in the expansion-tank above 
this point. This increase of 10 lb in static pressure makes it possible to carry 
a maximum water-temperature of 240°, nearly 30° higher than would be pos¬ 
sible in an open-tank system. While a temperature as high as this could 
theoretically be carried at the boiler in an open-tank system with a static 
head of 24 ft, just as soon as this water rose in the system it would boil, and 
escape from the expansion-tank, at the same time emptying the system of 
water. In fact with the open-tank system the water is liable to be driven 
out at a temperature of 212° F. The use of pressure-generators similar to 
the above makes it possible to use smaller radiators in the heated rooms, as 
it is entirely possible to maintain steam-temperatures in the radiators when¬ 
ever desired. Since higher temperatures are used, the difference between 

Table XXXm. Riser-Sizes for Honeywell System 


Pipe-size 

inches 

Capacity in square feet of hot- 
water radiation 

1st floor 

2nd floor 

3rd floor 

n 

30 

40 

50 

H 

75 

100 

125 

1 

i 

7S up 

100 up 

125 up 
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flow and return-riser temperatures becomes greater than in the open-tank 
system, and hence a greater motive head exists and smaller mains and risers 
may be used with this system. The Honeywell Company recommends the 
schedule of radiator-tappings shown in Table XXXIII. 

It should be remembered that since radiators and pipes are smaller in this 
system there is much less water than in the open-tank system, making it more 
sensitive in warming up and also in cooling off. The generator should not 
be placed close under the expansion-tank. Otherwise than this its location 
may be anywhere in the expansion-line, as the same hydrostatic head is 
always acting in addition to the head of mercury-column. 


Warm-Air Furnace Heating 

The Furnace and Its Location. The method of warming or heating a 
building by what is generally known as a warm-air furnace is termed furnace 
heating. The furnace may be of a cast-iron or steel construction or a com- 



Fig. 52. Section of a Majestic Cast-iron Circular Radiator Furnace and Casing 

bination of the two (Figs. 52 and 53), containing a combustion-chamber, 
fire-pot and grate. Furnaces for soft coal are usually designed with a 
secondary air-supply or overdraft for admitting heated air just at the sur¬ 
face of the fire in order to produce a more perfect combustion of the volatile 
combustible gases which are liberated from this fuel immediately after firing. 
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This overdraft should be under positive control so that it may be checked or 
closed after the fuel has been coked. Soft 
coal may also be burned efficiently in 
the underfeed-type of furnace in which 
coal is fed from below by means of a 
plunger operating in a feed-chute dis¬ 
charging through the center of the grate. 

The furnace should be located in the 
basement in an approximately central 
position with reference to the rooms to 
be heated, and preferably toward the 
side or sides from which the prevailing 
winds blow in the wintertime. This 
arrangement not only favors the more 
exposed rooms on the floors above by 
shortening the leaders to these rooms, 
but also makes it possible to reduce the 
length of the cold-air duct, if one is 
employed, which should be run from the 
exposed side of the building to the cold- 
air pit below the furnace. Usually, 
however, the air is all recirculated, the recirculation register being located 
in the hall as shown by Figs 54 and 67, passed through the space between 

a Apprxn od Type 
of Stock Header 

Throat Tapered 



53. Section of a Steel Furnace 
with Radiator and Casing 



^Cleanout'I'f'i'T* fA 
Frame and 
Door, Airtight 


'Ashpit muat be kept clean 
Note Top of this opening should not be above 
level of Grate 


Fig. 54. Section through a Residence Showing Details of a Warm-air Heating System 
(.See Fig. 68 for plan) 

the heater and its jacket, and warmed by coming in contact with the out¬ 
side heated surface of the combustion-chamber and the radiator, which is 
















1634 


Heating and Ventilation of Buildings 


[Chap. 30 




usually Just above the combustion-chamber. It is then discharged through 

flues connected at the top 
of the JACKET, FURNACE CAP 

or bonnet to the rooms to 
be warmed. 

Leaders and Stacks. 

These connecting flues are 
made up of two sections, (1) 
the nearly horizontal round 
pipes in the basement, 
known as leaders (Figs. 58 
and 59), which connect to 
the collars on the top or 
conical sides of the bonnet, 
and (2) the vertical rect- 
angular pipes called stacks 
(Fig. 55), which connect 
the boot at the outer end of 
the leader, with the double- 
walled REGISTER-BOX (Fig. 
56) into which the register- 
grille covering the opening 
into the room, is fitted. The 
leaders should have an up¬ 
ward pitch toward the base 
of the stack of at least 1 in 
per foot, and for the best 
results they should not be 
more than from 12 to 15 ft 
in length. The boots are 
made in a great variety of 
shapes to suit actual con¬ 
ditions, and are simply 
adapters for the purpose 
of changing from round 
leaders to rectangular 
stacks. The stacks are 
usually run between the 
studding of interior walls or 
partitions (Figs. 55 and 56), 
since if they are placed in 
_ outside walls the cooling 

iRegister effect reduces their efficiency 
box n ot only in temperature of 

air, but also in velocity of 
flow. The metal used for 
leaders and stacks is usually 
bright IX tin, although for 
leaders larger than 12 in, 
galvanized steel of No. 26 
United States Standard 
gauge is usually employed. 
Since the stacks must fre- 
Flg. 56. Vertical Stack and Register-box quently run in a 4-in stud* 



Fig. 55. Vertical Stack with Side-wall Register 
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ding-space, with a net depth of about 3% in, every effort must be made 
to keep them as deep as possible; and steel lathing or expanded metal should 
be used in front of all such stacks, which ordinarily have only a single layer 
of asbestos-paper covering. A more effective insulation may be provided 



Fig. 57. Value of Square Inch of Leader Pipe Area for First, Second and Third Floors 

by using a double-wall stack, in which there is an air-space between the 
inside and outside pipes, and no asbestos covering is used. Attention of the 
architect is here called to the fact that in the case of large second-floor rooms 
to be warmed by one register, 6-in stud partitions are generally required for 
the first floor. 



Fig. 58. Warm-air Furnace-leaders 
with Elbows 



Fig. 59. Warm-air Furnace-leaders with* 
out Elbows 


Commercial Ratings of Furnaces. Manufacturers formerly rated their 
furnaces according to the amount of space, cubical contents, in the ordinary 
residence-construction they will heat to 70° F. in zero weather. The actual 
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size of the furnace naturally depends upon the heat-transmission of the walls, 
doors and roofs, plus the infiltration-losses, as already explained. The claim, 
however, is made that these “in turn bear a reasonably uniform relation to the 
cubical contents of the ordinary house,” with the usual proportions and ratios 
of wall to glass-surface, and that therefore the rating, as given, is justifiable. 
Tables XXXIV and XXXV were taken from the Warm Air Furnace Hand- 


Table XXXIV. Approximate Capacity of Warm-Air Furnaces for 
Residences of Ordinary Construction in Cubic Feet of Space Heated 


Divided space in cubic feet 

Fire-pot 

Undivided space in cubic feet 

+10° 

0° 

-10° 

Diam¬ 

eter, 

in 

Area, 
sq ft 

+ 10° 

0° 

-10° 

12 000 

10 000 

8 000 

18 

1 8 

17 000 

14 000 

12 000 

14 000 

12 000 

10 000 

20 

2 2 

22 000 

17 000 

14 000 

17 000 

14 000 

12 000 

22 

2 6 

26 000 

22 000 

17 000 

22 000 

18 000 

14 000 

24 

3 1 

30 000 

26 000 

22 000 

26 000 

22 000 

18 000 

26 

3 7 

3 5 000 

30 000 

! 26 000 

30 000 

26 000 

22 000 

28 

4.3 

40 000 

35 000 

30 000 

35 000 

30 000 

26 000 

30 

4 9 

50 000 

40 000 

35 000 


Table XXXV. Air-Heating Capacity of Warm-Air Furnaces 
Based on Total Cross-Section of Leader Pipes 


Fire-pot 

Casing* 

Total cross- 
sectional 
area of 

Number and size of leader 




Diameter, 

in 

Area, 
sq ft 

Diameter, 

leader 
pipes, a 
sq in 

pipes that may be supplied 

18 

1.8 

30-32 

180 

3-9" or 4-8" 

20 

2.2 

34-36 

280 

r 2-10“ and 2-9" 

\ 2-9" and 2-8" 

22 

2.6 

36-40 

360 

/ 3-10" and 2-9" 
l 4-9“ and 2-8" 

24 

3 1 

40-44 

470 

/ 3-10" and 1-9" 

\ 2-10" and 5-8" 

26 

3 7 

44-50 

565 

f 5-10". 3-9" 

\ 3-10". 4-9" and 2-8" 

28 

4.3 

48-56 

650 

j 2-12", 3-10" and 3-9" 

\ 5-10", 3-9" and 2-8" 

30 

4.9 

52-60 

730 

13-12", 3-10" and 3-8" . 

\ 5-10", 5-9" and 1-8" 


•The casing-diameter should be such that the minimum cross-sectional area M t 
between casing and radiator, will be at least 20% greater than the total cross-sectional 
area of all the heat-pipes, a, or if « 1.2 X a sq in. 


book, published by the Federal Furnace League, an association of United 
States furnace-manufacturers. This association is no longer in existence. If 
the majority of the basement or leader-pipes exceed 12 ft in length or have less 







Design or a Gravity Warm-Air Furnace Heating-System 1637 


than 1 in rise to the foot, or if more than one sixth of the outside surface of the 
building is glass, then the furnace should be increased one or more sizes. The 
size of the furnace required is now quite generally determined by the combined 
area of the cross-sections of the warm-air pipes. Tables XXXIV and XXXV 
are intended to be employed as only a rough approximation. Furnaces 
should always be designed on the basis of the heat-loss calculations as given 
in the text following. 


The Design of a Gravity Warm-Air Furnace Heating-System 

Recommended Procedure to be Followed. The rational design of a furnace 

heating-system involves the determination of the following items: 

(a) Heat loss in Btu per hour from each room in the building. 

(b) Area and diameter in inches of warm-air pipes in basement known as 
leaders. 

(c) Area and dimensions in inches of vertical wall pipes known as stacks. 

(d) Free and gross area and dimensions in inches of warm-air registers. 

(c) Area and dimensions of (1) recirculating or (2) outside air supply-ducts 
in inches. There may be one or more of each. 

(/) Free and gross area and dimensions in inches of recirculating registers. 

(g) Size of furnace necessary to supply the warm air required to overcome 
the heat loss from the building. This size should include square inches of 
leader pipe area which the furnace must supply. It is also desirable to specify 
a minimum bottom fire-pot diameter in inches, which is the nominal grate- 
diameter in the case of furnaces burning solid fuel. The kind of fuel and its 
approximate heat value should be known. 

(h) Area and dimensions in inches of chimney-lining and smoke-pipe. If 
an unlined chimney is to be used, that fact should be made clear. The height 
of chimney must be known as it may affect the area, and chimneys under 30 
ft in height may prove unsatisfactory. 

(a) Heat Losses from Building. The heat which will be required for each 
room in the building depends on (1) the heat-transmission losses through 
walls and glass as well as through floors and ceilings when the latter two 
are next to unhcated spaces, and (2) the infiltration of cold air through 
the cracks around outside windows and doors. Calculations for the heat 
required in Btu per hour should be made as previously indicated. 

(b) Leader Sizes. A building is heated by a furnace heating-system with 
warm air introduced into the various rooms at some temperature higher than 
that to be maintained at the breathing-level, which is usually 70° F. If the 
difference between the entering-air temperature and the room-temperature 
is small, the operating head will be small and large pipes and registers will be 
needed, but if this difference is large the operating head will be increased 
almost proportionally to the new temperature difference, and smaller pipes 
and registers than in the first case may be used. As a result, in a gravity cir¬ 
culating warm-air furnace system, the size of the leader to a given room 
depends on the temperature of the warm air entering the room at the register. 
A reasonable air temperature at the registers must therefore be agreed upon 
before the system can be designed. The National Warm Air Heating Asso¬ 
ciation has approved as satisfactory an average air temperature of 175° F, 
at the registers. At this temperature the heat-carrying capacity (heat avail¬ 
able above 70° F.) per square inch of leader pipe per hour for first, second or 
third floors is shown by Fig. 57 at 175° F. to be 104, 172 and 208 Btu resoeo 
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tively, based on tests at the University of Illinois. For average calculations,* 
the values 111, 167 and 200 will simplify the work and may be satisfactorily 
substituted for these heat-carrying capacities. If U represents the total heat 
to be supplied to any room, the resulting equations are: 

Leader areas for first floor, square inches » * approximately 0.009 H (1) 

Leader areas for second floor, square inches 

— ~z => approximately 0.006 H (2) 
167 

Leader areas for third floor, square inches — » approximately 0.005 U (3) 

If it is desired to design for a lower warm-air register temperature, say 160° 
F., the original values 104, 172 and 208 become 82, 140 and 168 (Fig. 57 at 
160° F.), and the resulting equations are: 

Leader areas for first floor, square inches » <■ approximately 0.012 II (4) 

82 

Leader areas for second floor, square inches 

*■ =* approximately 0.007 II (5) 

Leader areas for third floor, square inches - » approximately 0.006 II (6) 

168 

These equations are applicable to straight leaders from 6 to 8 ft in length. 
Longer leaders must be very thoroughly covered or else the vertical wall stacks 
must be increased in area above approximately 75% of leader area, as dis¬ 
cussed under Stack Sizes. If some provision is not made for these longer 
leaders, the register air temperature may be much lower than anticipated 
and the room may not be properly heated. 

While Fig. 57 takes care of the drop of temperature in straight leaders up to 
8 ft in length connected to stacks having about 75% the area of the leader, the 
designer must make allowances for all other conditions. 

In addition to the effect of leader length and register air temperature the 
drop in temperature between furnace bonnet and register face is affected by 
the stack-leader ratio and the stack construction, whether single or double 
wall, for various stacks. The value of high stack-leader ratios and double¬ 
wall pipe to upper floors is very apparent in its effect on reducing the tem¬ 
perature drop between bonnet and register face. 

Leader sizes should in general be not less than obtained by Equations (1) to 
(3), nor should leaders less than 8 in in diameter be used. It is not consid¬ 
ered good commercial practice to specify diameters except in whole inches, 
although there is no real reason for not using half inches if necessary. The 
tops of leaders should be at the same elevation as they leave the furnace bort- 
net, and from this point there should be a uniform up-grade of 1 in per foot 
of run in all cases. Leaders over 12 ft in length are to be avoided or receive 
very special attention. 

The leader capacity curves already described under Leader Sizes are based 
on stack-leader ratios of approximately 70%, but frequently the designer will 
find it desirable or necessary to use larger or smaller ratios and hence Figs. 60 

* See the Standard Code Regulating the Installation of Warm-Air Heating Systems in 
Residences. 
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and 61 showing the performance of a great variety of stack-leader combina¬ 
tions for 8-in and 10-in leaders have been given for second-floor systems. 



Fig. 60. Heating Effect at Registers for Various Stacks with 8-in Leader 



100 110 130 130 110 150 100 170 180 190 200 210 220 *30 

Equivalent Register Air Temperature, •( T R ^-T| aJet +-05 o )ln Deg.F. 

Fig. 61. Heating Effect ot Registers for Various Stacks with 10-in Leader 


The leaders may be laid off (Fig. 58) by dividing up the circumference of 
the bonnet into areas proportional to the amount of air to be distributed by 
each leader, and then connecting collar and leader radially to furnace-cap, 
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making one or more elbows in the leader, if necessary, to connect with stack. 
Another method is to run practically all leaders direct from the furnace to the 
foot of stack (Fig. 59) and cut the collars in on the angles at which they inter¬ 
sect the casing. The former method is recommended, and requires less skill 
and special fitting of leaders in installation. 

The basement heating plan (Fig. 68) for an actual installation is shown with 
radial leader connections to the bonnet. 

(c) Stack Sizes. The wall pipe or stack for an upper floor should be made 
not less than 70% of the area of the leader. So long as the leader is short and 
straight, as was the case for Fig. 57, such a practice is probably justified since 
the loss in capacity occasioned by the smaller stack is not very serious for 
ratios above 70%. For leaders over 8 ft in length or for leaders which are not 
straight, the ratio of stack-area to leader-area should be greater than 70% in 
order to offset the greater temperature losses in the longer leader. In gravity 
circulating systems, this stack-lfader ratio is a very important considera¬ 
tion. Specific data for a variety of cases are presented in Figs. 60 and 61, and 
the designer should check his stack-leader combinations with the nearest com¬ 
parable case as shown in these figures. Any second-floor stack supplying 
heat to a room requiring 10 000 Btu per hour will need a 6-in studding space 
at a register air temperature not in excess of 175° F. The desirability of 
using uniformly high stack-leader ratios throughout the installation cannot be 
too strongly recommended, since if a uniform stack-leader ratio is not main¬ 
tained the temperature losses for the smaller ratios will be excessive and the 
rooms served by them will be underheated. See Tables XXXVII and 
XXXVIII for commercial sizes of stacks. 

(d) Warm-Air Register Sizes (Figs. 62 and 63). After the sizes and loca¬ 
tions of all leaders and stacks have been determined, it is a simple matter to 



Fig. 62. Baseboard Stackhead and Register Dimensions (See Table XU) 

select suitable types and sizes of warm-air registers, from tables of commercial 
types of registers. See Tables XXXIX to XLI. 

The registers used for discharging warm air into the rooms should have a 
free or net area not less than the area of the leader in the same run of piping. 
The free area should be at least 70% of the gross area of the register. No 
upper-floor register should be wider horizontally than the wall stack, and it 
should be placed either in the baseboard or side-wall, and not in the floor. 
First-floor registers may be of the baseboard or floor type with the former 
location preferred. No first-floor register should require a register-box more 
than 14 in wide, although it may be longer than 14 in. 

All warm-air registers should be located in or close to inside partitions as 
attempts to run stacks in cold outside walls or extend long, first-floor leader 
runs to cold walls almost always result in failure. Registers should, of course, 
be located so as to interfere as little as possible with rugs, furniture, and 
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passageways, which means they must be kept out of the floor. Experimental 
data indicate that, in general, the baseboard location gives better heating 
effects for both fin,t- and second-floor registers, although the particular com¬ 
binations of fittings used in entering the register-box has a marked effect on 
the relative merits of the two locations. The results of tests indicate that 
choice between floor and wall types of register combinations should favor that 

system which offers the least resist- -- 

ance due to elbows or angles. —-— 

(e) Air-Supply Duct Sizes (Fig. Bnnnnrinr^Sl 

67). Ducts for recirculating air from UGrinnnnnn ^ 

the house or for bringing in outside npnnnHnnrE® 

air should be as short and direct as nmHnnnnnnB I 

possible. The areas of such ducts J «□□□□□□□□□§[> ! 

should never be less than the com- | i — 

bined areas of aU warm-air leaders, 

and ducts of the recirculating type ^ g 

may be made even larger than the | □□□nnnnnmnn ^ 

total leader-area. It is usually suffi- ~ 11 g 

cient to base the size of either re- l l . i n -■ . r 

circulating or outside-air ducts on _L___ 

leader-area, although it is also „ , , , . . , , 

desirable to check this size against Flg * 63, B aseboanHtegister with Single 

velocity of flow which should not , 

exceed 4 ft per second in short Nora: Baseboard renter used on First 
, • i . i 4 i j Floor takes the supply from a flue 8f m 

straight ducts and 3 ft per second or decp or s in deeper than the studding . 

less in long ducts or ducts with 

several turns. The air-volume and velocity should be based on density of 
air at 65° F. 

The superior performance of the round duct using two 45° instead of two 
90° elbows is very apparent, and the leader capacity curves (Fig. 57) used for 
designing a gravity furnace system apply to such an installation. 

Outside-air duct connections, 
if used, should be made to a 
window-frame the full area of 
duct and such window should 
be in a wall exposed to prevail¬ 
ing winter winds. The inside 
type of recirculating duct or 
ducts is always preferred for 
residence installations. 

(f) Recirculating Register 
Sizes. (Fig. 64, Table XLII.) 
The number and location of 
recirculating registers, as in the 

~ 11A . _ rp case of the recirculating ducts. 

Fig. 64. Wooden Cold-Air Face.-Floor Type must be considcred in arriving 


Fig. 63. Baseboard Register with Single 
Valve 

Note: Baseboard register used on First 
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Fig. 64. Wooden Cold-Air Face.—Floor Type 


at the sizes, although it is usually quite sufficient to make the free area of 
such registers equal to the duct-arca. If a single recirculating connection 
is used, the register through which the air in the building is returned to the 
furnace should always be placed in a central position in the first floor, usually 
in the main hall if one exists. Air from the upper floors must have free 
access to this register through the stairway of the building. Sometimes 
more than one return-air register is found desirable, and such multiple 
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returns are often justified provided the total cross-sectional area of ducts and 
registers is increased materially over that for a single, return-duct system. 

(g) Furnace Size. The furnace should be selected on the basis of warm-air 
operation so that it will never be necessary to supply air at the register faces 
at a temperature above 175° F. even on the very coldest day. Furnaces 
at present are rated on the basis of the number of square inches of basement 
leader-pipe which they will supply. This rated area should always be approx¬ 
imately equal to the sum of the areas of all the warm-air leaders to which the 
furnace is connected. It is therefore possible simply to add up the areas of 
the basement leader-pipes as determined by the factors taken from Fig. 57 
at a register air temperature of 175° F., and then select a furnace having not 
less than this rated capacity in square inches of leader-pipe. (See Tables 
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Fig. 65. Two Types of Metal Grills 


XLIV and XLV.) It is unwise to increase this value by taking the next size 
larger furnace. 

Selecting a furnace on the basis of leader-pipe area alone is a quick and 
simple procedure, but most designers will insist on a method for further check¬ 
ing the selection. In the investigation of furnace performance at the Uni¬ 
versity of Illinois, it was found that, for any given type of furnace having a 
constant heating surface-grate surface ratio, the grate-area required to pro¬ 
vide a given heating capacity depends on several factors. First, the air 
temperature at the register for which the plant has been designed must be 
determined. Usually this temperature is taken as 175° F. Second, the 
combustion-rate must always correspond with the register air temperature. 

For 175° register warm-air temperature the combustion rate is 7.5 lb of coal 
per sq ft of grate per hour. The third factor is the efficiency, which is 
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about 57.5% and must correspond to the first two factors. The fourth 
factor is the heat value per pound of fuel burned, which was 12 790 Btu. 

Let IIb - heat available at bonnet in Btu per hour; 

Hb - actual total heat loss from house in Btu per hour; 

1.33 — provision for a 33% heat-loss between furnace bonnet and reg¬ 
ister (in some cases, under very favorable conditions this 
value may be 1.25); 

G •» grate-area in square feet bottom firepot area; 

E *» efficiency of the furnace (0.55 to 0.62); 

F - fuel value of the coal in Btu per pound (usual assumption 
12 000 to 13 000); 

C « pounds of coal burned per square foot of grate surface per hour 
(usual assumption 5 5 to 7 5). 

Then Il b - 1.33 II h - G X C X E X F (7) 

The equation may be written to express grate-area direct as, 


1.33 II h 
C X E X F 


( 8 ) 


Assuming E « 0.575, F - 12 800 and C - 7.5, then 

G « Ilfi + 41 500 (9) 

Having found the desired grate-area, it is necessary to select a commercial 
furnace having the corresponding grate and casing diameters as given by 
manufacturers’ data. The leader-area as calculated should also be again 
checked against the makers’ data. 

Suppose it is desired to select a furnace to deliver air to the rooms at a 
register temperature approximating 160° rather than 175° F., the relation is 
—combustion-rate 5.5 lb, register air temperature 160° F., and efficiency of 
the furnace 62%. 

(h) Chimney Sizes. The area and internal dimensions of the chimney may 
be taken from Table XVIII. 

Rating a Warm-Air Furnace. It is also possible on the basis of the per¬ 
formance data for leaders and stacks, and Equations (1) and (4), to set up a 
rating equation or formula for any common type of warm-air furnace. 
Simply divide the heat available at the registers by the average leader carry¬ 
ing-capacity based on a two-story installation. 

Thus, from Fig. 57, at 175° F. register air temperature the average leader 
capacity per square inch is (104 -1- 172) + 2 « 138 Btu. Hence the rating 
of a furnace ( A ) in square inches of leader pipe is, under the conditions 
itemized below (see Equation (7) for literal values): 


A - 


0.75 lib 0.75 G XC XEX F 


138 


138 


[1 + 0.02 (R - 20)) 


( 10 ) 


and substituting the same values for C, E and F as in Equation (7) for a 
register air temperature of 175° F., the rating of a furnace in square inches 
of leader pipe is: 


Note that 300 — 


A - 300 X G [1 + 0.02 (R - 20)1 
7.5 X 0.575 X 12 800 X 0.75 
138 


( 11 ) 

and in case G is in square 


inches instead of square feet then 

A - 2.08 G [1 + 0.02 (R - 20)] 


(12) 
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Equations (11) and (12) apply to commercial furnaces when operating 
under the following conditions: 

(1) Fuel, stove-size anthracite coal of 12 SOD Btu heat value per pound as 
fired. 

(2) The chimney, 12 in in diameter and 35 ft high, and ample to create the 
draft necessary to burn 7.5 lb coal per square foot of grate per hour. On 
some tests, this chimney supplied sufficient intensity of draft to burn over 
13 lb of coal per square foot of grate per hour. 

(3) The cold-air duct, of the recirculating type with large flat shoe and a 
single register at first-floor level. 

(4) Casing, of best diameter for each furnace tested, with a black iron 
liner and 1-in air space. The bonnet, conical, without radiation shield. 

(5) Leaders, stacks, and registers supply air to three floor-levels. 

Table XXXVI.—Sizes of Commercial Tlound Pipe-Leaders and 
Ducts, 2-Piece 30° and 45° Angles, 3-Piece 60° Angles, and 
4-Piece 90° Angles, of IC, and IX Tin and 26 and 28 
United States Standard Gauge, Diameter, Inches 




fl 




B 














Table XXXVII. Sizes of Single-Wall Pipe and Fittings of IC, and 
IX Tin and 26 and 28 United States Standard Gauge, Inches 


Pipe. 

Size of collar 

3X10 







in boots.. 

8 








Table XXXVUI. Sizes of Double-Wall Pipe and Fittings of IC and 
IX Tin, Inches 


Inside. 

Outside. 

Size of collar in boots. 

2^X10 
3^X10 H 
8-9 

3 X10 
3^X10^ 
8-9 

2IM5X12 

3XX12H 

8-9 

3 X12 
3%X\2% 
8-9-10 

Inside. 

Outside. 

Size of collar in boots. 

3 X13 
3HX12H 
9-10 

4^X13 

5 X13H 
10-12 

4^X14 

5 X14% 
10-12 



Note. The commercial wall pipe sizes are in general much too small to develop the 
full carrying capacities of leaders to fit the size of collar in boots. In only a few cases 
is the wall pipe area equal to 75% of the collar or leader-area. 


Standard Register Sizes. The commercial sizes of floor, wall and ceiling 
registers range from 4 in X 6 in to 38 in X 42 in, varying by even inches with 
a few odd sizes. 

In order to simplify and standardize the selection of warm-air registers for 
the average residence installation, a Joint Committee on Standardization of 
Warm Air Registers, composed of register manufacturers, made the following 
recommendation at a meeting on September 4, 1923. 
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Table XXXIX. Standard Register Sizes for Warm-Air Furnace 
Heating, Inches 


First-floor baseboard registers* 

Leader pipe 
diameter 

Register size 

Stack head, out¬ 
side dimensions 

Base extension 

8 

8X10 

634X10S4 

234 

9 

9X12 

6>SX12*8 

2H 

10 

10X12 

734X12 H 

334 

12 

11X13 

934X1 m 

534 

12 

12X14 

9MX14H 

534 

| Second-floor baseboard registers 

8 

8X10 


Min 1 in, max 1 m 

8 

8X10 


Mm 1 in, max. 

9 

9X12 


Mm 1 in, max in 

Floor registers 

8 

8X10 




9X12 

• 


■ 

10X12 




12X14 




14X18 




16X22 




* No recommendation for 14-in diameter pipe Bottom of register from 2 to 2J4 in 
above finished floor. 


The use of a floor register may be permitted in an entrance hall for dry¬ 
ing shoes and garments, but it is most unsanitary and cannot fail to collect 
dirt and filth of all kinds, and is subject to the further objection that its use 
frequently requires the cutting of carpets. In case such registers are used, 
however, suitable register-boxes must be provided, and are preferably con¬ 
structed with double walls and tapered from the round collar to the top of the 
rectangular box. 


Table XL. Dimensions of Register-Boxes, Inches 


6X 8 

9X12 

12X14 

14X18 


16X30 

18X30 

20X30 

24X27 

27X38 

36X36 

8X10 

10X12 

12X15 

14X20 

16X20 

18X21 

?0X 24 

21X29 

24X30 


38X42 

8X12 

10X14 

14X16 

14X30 



20 X 26 

24X24 

27X27 

30X36 



Registers with a high percentage of free area are desirable, since smaller 
commercial units may be used, and provide the same free area as larger sizes. 
The frictional losses through the register grilles are an insignificant item in 
any gravity circulating warm-air furnace plant, provided the registers have 
a free area above 70% of gross area and not less than leader or return-duct 
area. All registers on the warm-air side of the system should have shut-off 
valves or louvers for controlling air-flow. 
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Table XLL Dimensions of Stackheads and Baseboard Registers 
Inches (See Fig. 62 ) 

(Tuttle & Bailey Manufacturing Company) 
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Warm-air registers may be placed in the floor, but preferably they should 
be located in or against inside partitions, for flrst-floor rooms. By using the 
modern baseboard register it is usually possible to secure the required 
capacity without resorting to floor registers. These baseboard registers can 
be connected to a flue from 3 to 4j^ in deeper (Table XLI) than the studding. 
This has been accomplished by making the special baseboard register so that 
it projects 2 in into the room at the floor line, necessitating the floor being 
cut out, and also utilizing the space of about 1 in occupied by the lath and 
plaster, or a total increase in depth of flue of about 3 in. For special condi¬ 
tions where ordinary baseboard register cannot be set in the partition, an 
out-o-wall baseboard type may be used successfully. For upper-floor 
rooms registers should be placed in inside partition walls, using baseboard 
or convex registers for shallow stacks. As a general rule warm-air registers 
should be so placed as to shorten leader and stack connections as much as 
possible. 


Table XLII. Dimensions of Wood Cold-Air Faces for Floors 
(Fig. 64) 

Rock Island wood faces 
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FRESH - AIR ROOM 
WITH DUST-COLLECTOR 


Fig. 66. Fresh-air Room with Dust-collector 



Fig. 67. Plan and Elevation of Recirculating Duct and Shoe 

Note: For average conditions, make 

D *■ approximately 1 £ casing diameter 
G ■» approximately % casing diameter 
S — approximately \4 casing diameter 
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Table XLm. Capacities and Dimensions of Fresh-Air Ducts, 
Rooms, etc. 
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Table XUV. Dimensions and Capacity Data for “Majestic" 
Furnaces (Fig. 52) 


(The Majestic Co ) 



Diameter 

of 

firepot, 

in 

Depth 

of 

firepot, 

in 

Diameter 

of 

radiator, 

in 

Diameter 

of 

grate, 

in 

Height 

of 

ashpit, 

in 

Standard furnace: 






2142 . . 

21 

11 

32 

18 

14 

2447. 

24 

12 

36 

21 

14 

2652. 

26 

12 

36 

22 H 

14 

2856. . . 

28 

14*4 

44 

2*A 

15 

Down draft: 






221. 

21 

11 


18 

14 

224 

24 

12 


21 

14 

226.. . . 

26 

12 


22 'A 

14 

228 . 

28 

14 *4 


24'A 

15 

“ 1200 ” series: 






1220. 

20 

12 

30 

16 H 

12 

1222 . ... 

22 

12 

32 

18)4 

13 

1224. 

24 

12 

35 

20 H 

13 

Heavy duty heater: 






200 . 

21-29*4 

15*4 


WAX27H 

14 


Height 

of 

Diameter 

of 

casing, 

in 

Height 

of 

Height 
of hood 

Diameter 

of 


furnace 

casting 

standard 

smoke 


casting, 

in 

to hood, 
in 

12-in pipe, 
in 

collar, 

in 

Standard furnace: 






2142. 

53 

44 

52)4 

13)4 

8 

2447 

55** 

48 

55K 

13)4 

9 

2652. 

55** 

52 

55 X 

13)4 

9 

2856. . . 

60 

56 

61 

14 

10 

Down draft: 






221 

53 

42X48 

53 

13 

8 

224 ... 

55*4 

46X51 

56)4 

13 

9 

226 

55*4 

48X52 

56*4 

13 

9 

228 

60 

52X56 

64 

14 

9 

" 1200 ” series: 






1220 . . . 

47 

40 

50 

13 

8 

1222. 

48 

44 

50*4 

13 

8 

1224 

50*4 

48 

S2'A 

13 

9 

Heavy duty heater: 






200 . 

55 

45X79 

55 


10 
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Table XLIV (Continued). Dimensions and Capacity Data for 
“Majestic” Furnaces (Fig. 52) 

(The Majestic Co ) 



Heating; 
surface to 
grate-area, 
ratio 


Free air 
area, 
sq in 


Pipe-area, 
sq in 


Shipping 

weight, 

lb 


Standard furnace: 

2142. 

2447 . 

26S2. 

2856. . . . 

Down draft: 

221 . 

224. 

226 . . 

228 

*' 1200 senes ” 

1220 . 

1222 

1224 

Heavy duty heater: 
200 . 


2 600 

casting only 
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Table XLV. Dimensions and Capacity Data for “Front Rank” 
Furnaces (Fig. 53) 

(Langenberg Manufacturing Co.) 


Number of furnace 


Diameter of casing, inches. 

38 

45 

45 

51 

Stretch out of casing, feet and 





inches. 

9-11^8 

U-9M 

11-9M 

13-4M 

Width lower section casing, inches 

23 

23 

24 

23 

Width middlesection casing, inches 

30 

26 

30 

26 

Width canopy not less than, inches 

12 

15 

15 

15 

Height cased not less than, inches* 

68 

67 

72 

67 

Diameter drum, inches. 

18 

22 

22 

26 

Height drum, inches. 

58 

52 

58 

53 

Diameter radiators, inches. . 

9 

10 

10 

11 

Height radiators, inches. 

37 

29 

34 

29 

Diameter smoke-pipe, inches.... 

8 

9 

9 

9 

Size feed-door opening, inches. 

10 X12 

mxny 2 

12^X14 

SXX12M 

Size ashpit opening, inches. . 

8KXll?o 

io xis y 2 

10 X15H 

10 X15H 







515 

575 

635 1 

665 

Number of furnace 


Diameter of casing, inches. 

Stretch out of casing, feet and 

51 

57 

63 

inches. 

13-4 H 

14-11^ 

16-SH 

Width lower section casing, inches 

24 

24 

24 

Width middlesection casing, inches 

30 

30 

30 

Width canopy not less than, inches 

16 

18 

18 

Height cased not less than, inches* 

73 

75 

75 

Diameter drum, inches.... 

26 

29 

32 

Height drum, inches. 

59 

62 

62 

Diameter radiators, inches. . 

11 

13 

15 

Height radiators, inches.... 

35 

38 

38 

Diameter smoke-pipe, inches.... 

9 

10 

10 

Size feed-door opening, inches. . 

12^X14 

12^X14 | 

12KX14 

Size ashpit opening, inches 

10X15^ 

10 X17 

10 X17 


12^X14 
10 X17 



* Lowest point of canopy must be at least 8 in above drum head. 
Certified Measurements and Ratings 


Heating surface, square inches... 
Grate-area, square inches. . . 
Rating of leader-pipe supplied by 
furnace*... ... 


Heating surface, square inches... 

Grate-area, square inches. 

Rating of leader-pipe supplied by 
furnace*. 


The heating surfaces and grate-areas in the above table are hereby certified to as correct 
and are on file in the office of the National Warm Air Heating Association, Columbus, Ohio. 

* The ratings as given above have been determined by using the furnace rating formula 
in the Fifth Edition of the Standard Code. 
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Table XLVL Capacities and Dimensions of Chimney-Flues for 
“Front Rank” Furnaces 


Diameter 
of furnace 
smoke- 
pipe, 
inches 

Size of chimney flue inside, inches 

Proper 
inside 
diameter of 
standard 
flue-linings, 
inches 

Proper 
height of 
chimney 
above 
grate, 
feet 

Proper 

diameter, 

round 

chimney 

Proper size 
of unlined 
square 
chimney 

Proper size 
of unlined 
rectangular 
chimney 

8 

10 

9HX 94 

8X12 

7 X114 

34 

9 

11 

104X10 4 


7 X114 

36 


12 

114X11,4 


lUixiiK 

38 

12 

14 

134X13*5 

12X16 

114X164 

40 

14 

16 

154X15*2 

HQw 

154X154 

40 

15 

17 

16*5X164 

14X20 

174X174 ! 

40 

Flue Dimensions where Two Connections are Made to the Same Flue 

2- 8 

mm 

134X134 

12X16 

114X164 

40 

2- 9 


144X144 

14X16 

154X154 

40 


U 

154X154 

14X18 

154X154 

40 


The above sizes are the correct ones to use in new construction. 


Design of a Warm-Air Furnace Installation. (Tables XLVII and XLVIII). 
Table XLVII is an example of an actual installation and serves to illustrate 
the method employing the data given in this section. 



Fig. 68. Plan of Warm-air Heating Plant with One Recirculating Duct. (See Fig. 54 

for section) 
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Table XLVII. Example: Heat-Losses, Leader-Pipes, Wall Stacks 
and Register Sizes (Figs. 54 to 68) 



First. . 
Second. 
Third . 
Total 



Net volume, 
cubic feet; 
basis for 
recirculation 
estimates 




Living-room, N 
Living-room, S.. 
Hall. . . 
Dining-room.. 
Kitchen 

Kitchen alcove . 
E. bedroom. . 

S. W. bedroom.. 
Bathroom. . 

N. W bedroom . 
Hall, add to 1st 
E dormitory.... 
W. dormitory 
Hall, add to 1st. 



1 860 ! 

643 | 

(4) 

Leaders (actual) 

Diameter, 

Area, 

inches 

square inches 

10 

78.5 

10 

78 5 

12 

113 

10 

78.5 

12 

113 

10 

78.5 

9 

64 

8 

50 

10 

78.5 

8 

50 

8 

50 


461.5 


271 


100 


832 5 


* In the case of first-floor baseboard registers, “stack-area” is in reality throat-area. 
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Table XLVII (Continued). Example: Heat-Losses, .Leader-Pipes, 
Wall Stacks and Register Sizes (Figs.~54 to 68) 


Stacks (actual)* 



Area, 

square inches 



Living-room, N. 
Living-room, S.. 

Hall. 

Dining-room... 
Kitchen . . 
Kitchen alcove.. 


} 5H X13 
5^ X13 
7?ie X14 
5H X13 
7 X14 



Second... 

E. bedroom... 

S. W bedroom.. 
Bathroom. . 

N. W. bedroom 

Hall, add to 1st 

S X12 
314 X 12 

3 X10 

SH X 13 

Single 

Single 

Double 

Double 

60 

42 

30 

71.5 

Third.. 

E. dormitory ... 

3 X10 

Single 

30 


W dormitory 

Hall, add to 1st 

3 X10 

Double 

30 



Free area, 
per cent 
of total 


First. 

Living-room, N . 

Living-room, S. 

Hall .. 

Dining-room. 

Kitchen 

Kitchen alcove.. 

Second. 

E bedroom . 

S. W. bedroom.... 
Bathroom. . 

N. W. bedroom. . . . 
Hall, add to 1st. 



53 

67 

53 

67 


First.... 
Second.. 
Third.. . 
Total. 


* In the case of first-floor baseboard registers, “stack-area” is in reality throat-area, 
t Baseboard registers in all rooms except £. and W. dormitories and bath with side 
wall type. 
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Total heat loss with sun-porch, 141 805 Btu, with dining-room «= 6 615 Btu, and 
sun-porch « 26 450 Btu. 

Size of furnace is based on equations (1) and (3) in section on Furnace Size and is 
calculated as follows: 

c _^_= 2.85 Ml ft 

CXEXF 7.5 X 0.575 X 12 790 

G in square inches = 144 X 2.85 — 411, or nearest diameter = 23 in at 415 sq in 


(1) The heat loss for each room was calculated for a mean breathing-level temperature 
of 70* F. inside in all heated rooms, and for outside weather conditions of 0* F. and a 
wind movement of 15 miles per hour. The sun-porch and an unequipped bath on the 
third floor were not heated, and the temperature of attic spaces was assumed as 35° F. 
In all respects, the residence is of standard frame dwelling construction, with the single 
exception of the studding, which is 2 in by 6 in instead of the usual 2 in by 4 in This, 
according to the commonly accepted theory of heat transmission of walls, operates to 
increase the wall heat-loss, but permits the use of larger wall stacks than could be used 
in 2 by 4-in construction. The wall section is as follows: weather boarding, building 
paper, ship-lap siding on 2 by 6-in studding, lath, and plaster with rough sand finish. 
The coefficient of heat-transmission for this wall section is 0.20 Btu per sq ft per hour 
per 1* F., at a wind velocity of 15 miles per hour. The walls were not insulated, nor was 
weather stripping used at the windows and doors. Interlocking copper shingles were 
used on the roof. 

(2) The calculated areas of leaders were found by dividing the heat-loss from each 
room by the heat-carrying capacity of each square inch of leader, for which, at a register 
air temperature of 175° F., the values are derived from Fig. 54. 

1 sq in of leader to first floor =111 Btu per hour 

1 sq in of leader to second floor = 167 Btu per hour 

1 sq in of leader to third floor = 200 Btu per hour 

Since these values apply only when wall stack areas are about 75% of leader-areas, the 

calculated stack-areas were found by multiplying leader-areas by 0.75. 

(3) The net internal volumes of all heated rooms were totaled as a basis for making an 
estimate of the number of recirculations required per hour as shown in the following 
calculation. 

The weight of air (W) to be circulated per hour must be sufficient to supply the heat- 
loss (£f) when the air temperature drops from 175° to 70° F. 

H = W X 0.24 X (175 - 70) or W » 4 690 lb per hour 
and the air volume (Q) at 70° F., corresponding to this weight, is 

Q = -5^— = — 62 600 cu ft per hour 

0.075 0.075 


which gives as the number of recirculations (N) in zero weather: 


62 600 
16 596 


3.75 


(4) The actual leader-areas and diameters were selected as nearly as possible in 
accordance with the calculated areas, adjusting somewhat for long and short runs, and 
using pipe-diameters in whole inches. The only exceptions made to this precedure were 
in the case of the leader-pipe to the combined halls and to the east bedroom, second story. 
The total hall requirements call for 155 sq in, whereas only 113 sq in or a 12-in diameter 
leader was installed. The location of the recirculating register in the first-story hall 
floor was regarded as justification for this reduction. In the case of the east bed oom, 
the short direct run taken off near the furnace front was regarded as very favorable, and, 
as an experiment, the leader size was reduced from 12 in to 10 in. The results were 
quite satisfactory in this particular installation, but such a large reduction would not be 
advisable except under very special conditions. No leader less than 8 in in diameter 
nor more than 12 in in diameter was used. 

(5) The actual stack or throat-areas were selected to agree as nearly as practicable with 
the calculated areas, but at the same time careful consideration was given to the instaHa* 
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Central Fan Heating 

tion conditions affecting each stack leader system. Stack-areas were kept in excess of 
75% of leader-areas unless especially favorable conditions existed. This was not done 
in the case of the third-story dormitories, which have a stack leader ratio of 0.60 instead 
of 0.75, and these rooms are somewhat underheated as a result. These stacks should 
have been made 3 in X 12 in or possibly 3 in X 13 in, instead of 3 in X 10 in. 

(6) The warm-air registers were so selected that in each case the free area through the 
grilles would be not less than the leader pipe area on the same run. Registers of the 
baseboard type having free areas of at least 70% of the gross or commercial areas were 
chosen and no register had either dimension more than 14 in. Three side-wall registers 
with free areas slightly under 70% of gross areas were used in the two third-story dormi¬ 
tories and the bathroom on the second floor. 


Table XLVIII. Cold-Air Return Duct Size 


Location 

(1) 

Free area of 
grilles * 

(2) 

Area of ducts 

(3) 

Area of shoes 

Single return: 

Center of front hall.. 
(Dimensions). . . 

800 sq in 
(36 in X 36 in) 

854 sq in 
(33 in diameter) 

728 sq in 
(14 in X 52 in) 


* The free area of the grille is 61.5% of the total area 


(1) The total cross-sectional area of the recirculating duct system was made not less 
than the total leader-area of 832.5 sq in. A 36 X 36-in grill (free area at 61.5% = 800 
sq in) was selected for the front hall, although slightly under size. The small increase 
in friction to air-flow through the grille was compensated for by the short direct duct. 

(2) A round duct with well-tapered connections at register-box and furnace-shoe was 
selected with total area slightly in excess of total leader-area. 

(3) Shoe-areas are limited to an extent by twd items: the height of grate above top 
of base ring and, in the case of the single-return, the diameter of the casing. In the 
present case, the former dimension is 12 in and the latter 52 in. Shoes wider than casings 
are unsightly and expensive, hence for the single-return system a compromise was made, 
and a 14 by 52-in shoe selected. This shoe had 12.5% less area than the total leader area. 

Central Fan Heating 

General Features. The mechanical indirect method of heating, commonly 
known as the central fan system, particularly adapted to the warming and 
ventilating of large structures, is made up of three units: (1) A heater con¬ 
structed of pipes, tubes, or cast-iron sections, through which steam, hot water 
or hot gas may be passed. (2) A fan or blower to circulate air over the 
heater surfaces, the air acting as a heat carrier or medium of heat-transfer. 
(3) A system of ducts or pipes to convey the heated air from the heater to 
points where heat may be required. When the heater is located between the 
fan and main duct, the combination is termed blow through, and when the 
fan is installed between the heater and the duct, the arrangement is known as 
draw through. These two arrangements are shown in Fig. 70. The draw- 
through combination is more often used for shop and factory installations 
where compactness is desirable, the blow-through combination being used 
principally for hot-and-cold systems as installed in schools and public buildings. 

Advantages of the Blower or Hot-Blast System. The advantages of the 
blower or hot-blast system over those of direct radiation, briefly summarized, 
are: 

(1) When ventilation is a requirement in order to maintain a healthful 
atmosphere, this method affords a positive means of accomplishing this 
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particularly desirable result, which is entirely independent of the changing 
dimatic conditions. 

(2) When a standard humidity of the air is to be maintained, a feature which 
is becoming to be more generally recognized as desirable in any heating-and- 
ventilating installation, and quite essential to the successful manufacture of 
some materials, the humidifying-apparatus may readily be made an integral 
part of the system. 

(3) A much smaller amount of radiating-surface is required to perform an 
equal heating-duty, with a consequent reduction in the number of steam-tight 
joints, unions and valves to keep in repair. 

(4) The air-leakage being mostly outward, the building will in general be 
freer from drafts and more uniformly heated. If the air is simply recirculated, 
no fresh air being taken into the heating system from the outside, the above 
statement does not apply. The pressure of the air in the building, even when 
all of the air is taken into the heating system from the outside, is compara¬ 
tively feeble, and some air will enter by infiltration through the window and 
door-cracks on the windward side of the building, although the statement is 
often made that the leakage being all outward, prevents the infiltration of 
cold air from the outside. 

(5) This system is more easily regulated, and readily responds to changing 
outside temperatures. 

(6) The air entering for ventilation may be conveniently cooled in summer, 
either by the circulation through the heater of cold water or of brine previously 
cooled by mechanical refrigeration. 

(7) Simply running the fan will in itself greatly relieve the oppressiveness 
in hot sultry weather, and when cold water is circulated through the coils the 
difference is very noticeable. 

Typical Arrangements. When ventilation is not a requirement, or when it is 
relatively unimportant, as is frequently the case in shop or factory-heating 
where the number of persons vitiating the air is small compared with the 
cubical contents of the building, the air may be simply recirculated, suffi¬ 
cient fresh air for ventilation being supplied by infiltration. The amount of 
heat to be supplied the heater in this case is the same as would be required 
for a direct-radiation installation. When ventilation is a requirement to be 
met a cold-air intake is provided. Since the amount of air necessary for 
heating is generally in excess of the amount required for ventilation consider¬ 
able economy may be effected by recirculating a portion of the air. In this 
case only sufficient fresh air is drawn into the system from the outside to 
meet the ventilation requirement and the remainder of the air necessary for 
heating, is recirculated. This may be readily effected by an arrangement of 
ducts and dampers on the suction-side of the fan. If the fresh air introduced 
is to be washed or conditioned the washer or humidifier and tempering-coil 
may be added between the inlet for the recirculated air and the fresh-air 
intake. 

Amount of Air to be Circulated for Heating. The weight of air to be cir¬ 
culated per hour for heating a room or building is found by dividing the heat- 
loss (H) by the amounts of heat given up by 1 lb of air in cooling from the tem¬ 
perature at the duct-outlets to the mean room-temperature. 

Let H ■■ heat-loss of room, Btu per hr; 

M - weight of air to be introduced in room per hour; 

/ - mean inside temperature; 
fa - temperature of air leaving duct-outlets. 

M - ///[0.24 ft d - /)] 


Then 
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The temperature td depends upon the temperature of the air entering the 
heater, the velocity through the dear area, the amount of heating-surface and 
the temperature of the steam. This temperature in practice ordinarily ranges 
from 125° to 150° F. and may be readily determined for any specified condi¬ 
tion by the data given later under IIot-Blast Heaters. The temperature of 
the air leaving the duct-outlets for ordinary installations, when the ducts are 
not run underground or in outside walls, may be assumed to be the same as the 
temperature (h) of the air leaving the heater. Any loss in temperature in this 
case goes toward heating the building and is therefore not a direct loss. If, 
however, the ducts are run underground or in outside walls, a considerable 
loss in temperature may occur, which is a direct loss, and must be provided 
for by INCREASING THE TEMPERATURE OF THE AIR LEAVING THE HEATER by an 
amount equal to the estimated temperature-drop in the ducts. 

Temperature of Air Entering Heater. 

Let ti m temperature of air entering heater; 
to - outside temperature; 
t = mean inside temperature; 

/a — temperature of air leaving heater; 

(a) When the air is all recirculated, t\ » /; 

(b) When fresh air only is circulated, t\ *=■ t 0 ; 

( c) When a portion of the air is recirculated the resulting temperature of the 
mixture of fresh and recirculated air may be found by the method of mix¬ 
tures. 

Let M v « weight of fresh air, pounds required per hour for ventilation 
(30 cu ft per min per person); 

» 0.075 X 1 800 X number of persons (usual requirements); 

M r - weight of air that may be recirculated; 

M - M v + M r ; 

II - 0 24 (M v + Mr) ( t d - /). 

Having assumed or fixed the value of /<*, the only unknown quantity is M r . 

M r - Uj[ 0.24 {t d - /)] - M v 
The temperature t\ may then be found as follows: 

Mr X (t 0 + 460) - A 
Mr X (t 4* 460) «■ B 
(Mr + Mr) 0i + 460) - A + B 

or h - {A + B)/(M V + Mr) - 460 

Example. The heat-loss II for a certain factory-building is 70 600 Btu per 
hr. The number of men employed is 50. Mean inside temperature t ■■ 
65° F. Outside temperature t 0 « 0° F. Ventilation is to provided at the 
rate of 1 800 cu ft of fresh air per hour per person. Assumed temperature of 
air leaving duct-outlets is 135° F. 

Solution. Mr - 0.0075 X 1 800 X 50 - 6 750 lb per hr fresh air for ven¬ 
tilation. The weight of air that may be be recirculated is 

Mr - 706 000/(0.24 (135 - 65)] - 6 750 - 35 273 lb per hr 

The temperature of the air entering the heater will be: 

6 750 X ( 0 + 460) - 3 105 000 
35 273 X (65 + 460) - 18 516 750 

— (21 621 750/42 023) - 460 - 55° F. 
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If fresh air only is to be used, as in school-house and public-building heat¬ 
ing, the weight of air to be circulated is determined directly by the ventilation 
requirement. 

Then M - M * - HI [0.24 (/* - /)], or t a - {U + 0.24 M „/)/0.24 M v 

Temperature of Air at Duct-Outlets. When heating, by the hot-blast 
system, a building containing a number of rooms having different heat-losses 
and ventilation requirements, it is obviously impossible to maintain the de¬ 
sired temperature by controlling the temperature (/j) of the air leaving the 
heater at one point. The temperature ta of the air leaving the duct-outlets 
will ordinarily be different for each room in the building, as shown in the 
following example. This result is accomplished by the double plenum- 
chamber system described later. 

Example. Let it be required to determine the temperature of the entering 
air ( la ) to offset the heat-loss and provide ventilation for the several rooms as 
given in Table XLIX. Inside temperature (/) to be maintained is 70°. 


Table XLIX. Data for Example 


Room- 

number 

Number 

of 

occupants, 

n 

Ventilation 

Heat-loss, 

H 

Tempera¬ 
ture of 
entering 
air, td 
(see 

formula) 

Cubic feet 
per hour, 
at 70°, 

1 800 X n 

Weight 
per hour, 
Mv 

A-l 

50 

90 000 

6 750 

32 000 

KtjB| 

A-2 1 

53 

95 400 

7 125 

21 000 


Hal’ 


30 000 

2 250 

4 000 

77.4 


Temperature of Air Leaving Heater. If all of the air is first warmed by the 
tempering-coil to 70° F., and a mixture of approximately (1 — x) parts of 
tempered air and x parts of hot air is to be used, then the required temperature 
of the hot air leaving the heater may be determined, for any particular case, by 
the method or mixtures previously given; or, assuming this temperature, 
the proportions of hot and tempered air may be determined. 

Example. Required the temperature of the hot air (//*) leaving the heater 
for room A-2 (Table XLIX), if the mixture entering the room is made up of 
one half tempered air at 70° and one half hot air. The total weight of air 
entering the room is 7 125 lb per hr, or 3 562.5 lb of tempered air and 
3 562.5 lb of hot air. 

Solution. 3 562.5 X (70 + 460) + 3 562.5 X Oh + 160) - 7 125 X (82.2 
+460). Hence— 94. 

Assuming a temperature of tn «■ 120°, it is required to determine the rela¬ 
tive proportions, by weight, of the mixture required. 

Let* ■■ parts of hot air in mixture. Then (1 — x) — parts of tempered air. 

* (120 + 460) + (1 - x) X (70 + 460) - (82.2 + 460) 

Then 

x - 0.244 and (1 - x) - 0.756 

Air Supplied for Ventilating Purposes Only. Split System. A combination 
to direct radiation, to offset the heat-loss H, and a hot-blast system, to supply 
the fresh air needed for ventilation, termed a split system, is sometimes 
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Installed. In this case it is customary to install a heater of sufficient capacity 
to warm the air for ventilation to about 80°. The heater used for this pur¬ 
pose is made three sections deep and is termed a tempering-coil. 



Fig. 72. Deflecting-damper Fig. 73. Thermostatically-controlled 

for Branch-duct Mixing-damper 

Figs. 69 to 73. Details of Ducts for Hot-and-cold Heating Systems 


Hot-and-Cold Systems. In order to accomplish the results required in the 
preceding example, the so-called hot-and-cold system or double-plenum- 
chamber system is used. All of the air drawn into the system from the out¬ 
side is first passed through a tempering-coil, which is designed to heat the 
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air to approximately 70°. A portion of the tempered air is then passed 
through a heater and raised to 125° to 150°. Then if varying proportions of 
the hot and tempered air are correctly mixed the resulting temperature ( ta ) is 
readily controlled without varying the quantity of air discharged, which evi¬ 
dently must remain constant on account of the ventilation requirement. 
There are two methods of distribution used, as shown in Figs. 69 and 71. 
Referring to Fig. 71 it is seen that the hot and tempered air meet at the end 
of the plenum-chamber at the entrance to the ducts, and the temperature 
of the mixture is controlled by the mixing-dampers, which may either be 
hand-operated or placed under automatic thermostatic control. It will be 
observed that the plenum-chamber is divided, and that each duct serving 
a room has its own independent set of mixing-dampers. This method of dis¬ 
tribution is known as the single-duct system and is frequently employed 
where the installation of the double-duct system, as described below, is not 
feasible or is undesirable. Fig. 69 shows a double set of ducts run from the 
plenum-chamber to the base of each vertical flue, one carrying the hot air 
and the other the tempered air, the mixing being done at the base of the flue 
as shown. The mixing dampers (Fig. 73) may be controlled by hand by 
means of a chain carried up the flue and run into the room at a point several 
feet above the floor-line, or placed under automatic thermostatic control 
through the medium of a compressed-air-operated damper. 

Hot-Blast Indirect Heaters 

Copper-Tube Heaters. (Fig 74.) There are a number of spirally wound 
extended-surface copper-tube heaters available for hot-blast installations, 



as for example Aerofin, Arco Blast (Am. Rad. Co.) and Superfin (York 
Heating and Ventilating Corp.). Fig. 74 shows the low-pressure type as 
manufactured by the Aerofin Corp. 

Aerofin is made up of straight seamless copper or brass tubing about which 
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is wound a thin narrow helical extended surface, also of copper or brass made 
metallically integral with the tube by means of a mechanically effected solder 
bath. The helical extended surface is applied to the tubes by means of a 
machine which automatically corrugates the inner edge of the metal ribbon, 
and winds the ribbon uniformly about the tube, so that the pitch of the helix 
is uniform and the extended surface is at right-angles to the tube. As the 
metal ribbon is wound about the tube the machine treats the surfaces with 
acid and applies the molten solder while the tube and ribbon are held firmly 
in position. The solder is flowed over the tube and the extended surface so 
that both are entirely covered, forming a permanent metallic unit which is 
extremely effective for the transmission of heat. 

The finished tubes are then mechanically pressed into thin flexible tube 
plates of copper, brass, or other non-corrosive metal, all of the tubes being 
pressed into both top and bottom plates in one operation. The punched 
holes in the tube plates are slightly smaller than the tubes themselves, so that a 
strong and tight joint is effected when the tubes are forced into the plates. 
The tube plate, when punched, is also cupped, or dished, around each opening, 
and formed so that there is a deep collar about each tube when pressed into 
the plate. This construction not only provides a great contact area between 
the tube and the plate, but also renders the plate flexible at the point of junc¬ 
ture with the tube, thus compensating for any movement of the tube due to 
expansion or contraction. 

The siielt-metal jacket is an integral part for all types of copper-tube 
heaters. The complete assembled blast heater is made up of a number of 
units similar to Fig. 74. Ihe manufacturers furnish performance tables 
similar to the Vento tables, appearing later in the text, giving the temperature 
rise of the air, condensation and friction based on various air velocities through 
the heater. Copper-tube type heaters for pressures of 25 lb per sq in and 
above are usually constructed without the header, the pipe coil being of the 
return-bend type. 


Direction 

of 

Air Flow 


Fig. 75. Plan of the Assembly of a Vento Heater 

Cast-Iron Indirect Heaters. Cast-iron sections for indirect heaters are 
often used, and Fig. 75 shows a cast-iron heating-unit or section, named Vento, 
manufactured by the American Radiator Company, which is quite widely 
used in this class of work. A stack made up of several sections has a smaller 
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number of joints than a pipe-coil section of equal heating-surface. The deteri¬ 
oration of the cast-iron sectional type of heater is practically nothing except for 
the right-hand and left-hand hexagonal nipples connecting the units which go 
to make up a stack. There are three standard lengths of Vento heater-sections 
as indicated in Table L, which also includes other data required by the 
designer. 

Table L. Vento Hot-Blast Heater-Data 


Length of 
section in 
inches 

Heating- 
surface, regular 
sections, in 
square feet 

Free area in square feet, 
per section, 
inches on centers 

Ratio, square 
feet, heating- 
surface to free 
area for 5 in 
on centers 

4*4 

5 

5 H 

40 

10 75 



0 72 

17.34 

50 

13.50 

0 65 

0 77 

0 91 

17.53 

60 

16.00 


0 92 

1.08 

17.39 


Selection of Hot-Blast Heaters. General Conditions. In selecting the 
size of a heater for any particular service the choice is based on the final tem¬ 
perature desired and the free area required for a certain allowable velocity 
for Vento and the face area for Aerofin and similar type copper-tube heaters. 
That is, for any specified initial and final temperature desired, and a certain 
number of sections, a final temperature results when the velocity has been 
fixed in advance. Good practice limits the velocity to the values given by the 
following tables. High velocities are objectionable in public-building work on 
account of the resulting noise. The resistance through the heater increases 
in proportion to the square of the velocity, which adds to the power required 
to move the air as the velocity is increased, as will be noted later. 

Rating of Hot-Blast Heaters. The rating of an assembled heater of sev¬ 
eral sections or stacks is based on the temperature-rise of the air passing 
over the heating-surface for certain velocities through the free or unobstructed 
area of the heater-face for Vento and face area for Aerofin and Superfin. The 
velocity is based on the volume of air at an assumed temperature of 70° 
for convenience in rating. 

Let M - weight of air to be circulated through heater per hour; 

0.075 - density of air at 70°; 

A *» either free area or face area of heater in square feet; 

V - velocity of air in feet per minute through free area based on 70° 
temperature. 

Then 

A - M/(60 X 0.075 X V) - M/4.5 V sq ft. 

The following tables will serve as guides in selecting the velocity V and the 
number of sections or stacks for various purposes. 

Temperature-Rise. The temperature-rise of the air passing through hot- 
blast heaters of various types has been well established by experiment, the 
various manufacturers having published the results in the form of bulletins 
and catalogues. 

Example. It is required to determine the size of a Vento hot-blast heater 
to supply the necessary heat for a public building, the calculated heat-loss of 
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which is H - 1 420 000 Btu per hr for 70° inside and 0° outside temperature. 
The temperature of the air entering the rooms, is to be approximately 


Table LI. Allowable Velocities of Air through Free-Area Vento 
Heaters * 


Referred to a temperature of 70° F. 


Number of 
stacks deep, 
regular 5 in 
on centers 

Public-building 
work, velocity in 
feet per minute 

Factory work, 
velocity in feet 
per minute 

4 

1 000 to 1 500 

1 200 to 1 600 

5 

1 000 to 1 300 

1 200 to 1 600 

6 

1 000 to 1 200 

1 200 to 1 600 

7 

900 to 1 100 

1 200 to 1 500 

8 

800 to 1 000 

1 200 to 1 400 


• The allowable velocities for heaters rated on a based or face area will be approximately 
one-half the values given in table for Aerofin and Superfin heaters. 


Table Lll. Number of Stacks of Vento Ordinarily Required 


Service 

Number of 
sections 
or stacks 

Number of 
rows of 
1-in pipe 

Public buildings, fresh air, exhaust-steam.... 

5 

20 

Industrial buildings, fresh air, 4-lb gauge 

6 

24 

Industrial buildings, fresh air, exhaust-steam. . 

7 

28 

Industrial buildings, recirculation, 5-lb steam. 

5 

20 

Tempering-coils, fresh air, exhaust-steam . 

3 

12 


120°. The steam-pressure is 5-lb gauge. The temperature of the air entering 
the heater is 0°. 

Solution. First determine from Table LIII the number of stacks deep 
required for F.T. at 120° and entering air at 0°, using a velocity of 1 000 ft 
per min. This condition calls for a 5-stack-deep heater. Then determine 
the weight of the air to be circulated per hour. 

M - ///[0.24 (t d - /)] - 1 420 000/[0.24 (120 - 70)] - 118 333 lb 

The free area required is 

A — 118 333/(4.5 X 1 000) - 25.1 sq ft 

Referring to Table L and choosing a 60-in length of units, 5 in on centers, 
it is found that the free area per section is 0.92 sq ft. The number of sections 
required across the face of the heater is 

4/0.92, or 25.1/0.92 - 27 
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The heating-surface per section is 16 sq ft. The total heating-surface is there¬ 
fore 

S - 5 X 27 X 16 - 2 160 sq ft 
and the condensation per hour is 

2 160 X 1.56 (Table LIII) - 3 370 lb 
to be supplied by the boiler, or by exhaust-steam, at 5-lb pressure. 


Table Lm. Final Temperatures and Condensations, Vento Heaters 

Regular section. Standard spacing, 5-in center to center, of loops Steam, 5-lb 
gauge. C. is the condensation in pounds per hour per square foot of heating- 
surface. F. T. is the final temperature of air leaving heater 
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Table LIII (Continued). Final Temperatures and Condensations, 
Vento Heaters 


Velocity through heater in feet per minute, measured at 70° 

Number 

of 

stacks 

deep 

Temperature 
of entering 
air 

1 000 

1 200 

1 400 

1 600 

F.T. 

C. 

F.T. 

C. 

F.T. 

c. 

F.T. 

C. 


-20 












1 

- 10 












l 

0 

35 

2 

24 

32 

2 

46 






1 

-20 

49 

2 

22 

44 

2 

46 

40 

2 

69 

37 

2 92 

2 

-10 

56 

2 

12 

51 

2 

35 

47 

2 

56 

44 

2.77 

l 

0 

62 

1 

.99 

58 

2 

23 

54 

2 

42 

51 

2.62 

( 

-20 

75 

2 

03 

69 

2 

28 

64 

2 

51 

59 

2 70 

3 

- 10 

80 

1 

92 

75 

2 

18 

70 

2 

39 

66 

2 60 

l 

0 

86 

1 

84 

81 

2 

08 

76 

2 

27 

72 

2 46 

f 

-20 

96 

1 

86 

90 

2 

12 

84 

2 

34 

78 

2 51 

4 1 

- 10 

101 

1 

78 

95 

2 

02 

89 



84 

2.41 

l 

0 

106 

1 

70 

100 

1 

92 

95 



90 

2 31 

r 

-20 

114 

1 

72 

107 

1 

95 

100 

m 

1 jfl 

94 

2 34 

5# 

-10 

118 

1 

64 

111 

1 

86 

105 

m 

i m 

99 

2 24 

1 

0 

122 

1 

56 

115 

1 

77 

109 

i 

96 

104 

2.14 

f 

-20 

129 

t 

59 

121 


81 

115 

2 

02 

110 

2 22 


-10 

132 

1 

52 

125 

1 

73 

119 


93 

114 

2.12 


0 

135 

1 

44 

129 


65 

123 


84 

118 

2 02 

■ 

-20 

141 

1 

47 

134 


69 

128 

I 

90 

122 

2 08 


- 10 

144 

1 

41 

137 

1 

62 

131 

1 

81 

126 

1 99 

1 

0 

147 

1. 

35 

140 

1 

54 

135 

1 

73 

130 

1 90 

f 

-20 

151 

1. 

37 

; 144 

1 

58 

138 


77 

133 

1 96 

8 \ 

- 10 

153 

1 

31 

147 

1 

51 

141 

1 

69 

136 

1.87 

mm 

0 

156 

1. 

25 

150 

1 

44 

144 


62 

139 

1.78 


Design of Air-Ducts 

Pressure-Loss. The frictional resistance of air flowing through smooth 
sheet metal ducts, commonly termed pressure-loss, measured in inches of 
water, for 70° air and for a length of duct equal to 100 ft, is given by the fol¬ 
lowing formula: 

h - 0.000136 X (R/A) X v* 

in which R is the perimeter of the duct in feet, A the area of duct in square 
feet, v the velocity of the air in feet per second, and h the pressure-loss meas¬ 
ured in inches of water-column. For round ducts the above formula 
reduces to 

h - 0.00055 v*/D 

in which D is the diameter of the duct in feet. 

The diagrams in Figs. 76 and 77 are based on this formula, from which the 
diameter op a round duct for various velocities, and the pressure-loss or 
resistance for various quantities of air flowing, may be found without solving 
the above equation. 
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Example. What should be the size of a round duct required to convey 1 500 
cu ft of air per minute with a velocity of 1 800 ft per min; and what is the 
pressure-loss per 100 ft of duct. 

Solution. Locate 1 500 on the upper side of the pipe-diagram in Fig. 76, and 
pass horizontally downward until the 1 800-ft-velocity diagonal line is inter- 


Cubic Feet of Air per Minute, Q 

| I III I II «.« IS 5 8 8 3 8 



Fig. 76. Diagram of Friction-pressure Loss 




Friction in Inches of Water-Gauge per 100 Feet 
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sected. The duct which comes nearest to the required size has a diameter of 
12 in. At this intersection pass to the right side to the base-line and read 
0.48-in water-pressure loss. 

Allowable Velocity of Air in Ducts and Flues. In order to limit the resist¬ 
ance or pressure-loss in the duct system the designer should, in general, keep 


Cubic Feet of Air per Minute, Q 




Diameter of Pipe 


Fig. 77. Diagram of Friction-pressure Lott 
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the velocities within the limits stated in Table LIV. In public-building work 
the air should be delivered to a room at a velocity that will insure its move¬ 
ment to the desired points in the room without objectionable draft or noise in 
passing through the register-grills. 


Table LIV. Allowable Velocities in Hot-Blast Systems 


Types of buildings 

Allowable 
velocity in feet 
per minute 

Public buildings 


Through free area of wall-registers. 

400- 500 

Through free area of floor-registers. 

200- 300 

Vertical flues to registers. 

600- 750 

Connections to base of flues. . 

800-1 000 

Main horizontal distributing ducts. 

1 500-2 500 

Manufacturing plants 

In plants where the occupation is more or less sedentary and 
the employe sits all day feeding automatic machinery: 


Main ducts . 

1 200-1 500 

Branches . . 

600- 900 

In plants where the employe stands all day, as in machine- 
shops, foundries, etc : 


Main ducts. . 

1 500-2 400 

Branches. 

900-1 500 


The velocity through the fan-outlet, under the ordinary conditions that obtain in heat¬ 
ing work, varies from 1 500 to 2 500 ft per min. 


Metal Ducts Construction. The accompanying Table LV gives the mini¬ 
mum thickness of metal for circular and rectangular air-ducts in heating and 
ventilating work. 


Table LV. Guages of Galvanized Iron or Steel to be Used for 
Ducts, for Outside Air Intake 


Heating and ventilating 

Round ducts 
diameter, in 

Gauge 

Rectangular ducts 
width, in 

Gauge 

6 to 10 

26 

Up to 12 

26 

11 to 29 

24 

13 to 30 

24 

30 to 39 

22 

31 to 60 

22 

40 to 49 


61 to 118 

20 

50 and above 


118 and above 

18 


Thus, a round duct 11 to 29-in diameter should be made of No. 24 gauge sheet 
steel, and a rectangular duct 31 to 60 in wide should be made of No. 22 gauge. 

Pressure-Loss of Rectangular Ducts. The simplest method of determining 
this is to proportion the system for round ducts throughout, and then transfer 
to rectangular sizes giving equal pressure-losses (not equal areas) by means 
of Table LVI. 
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Table LVI. Round and Rectangular Ducts of Equal Pressure-Losses 



Example. What is the width of a rectangular duct 6 in high equivalent to 
the pressure-loss for a duct 12 in in diameter? Solution. 22 in. 

Table LVII. Friction Pressure-Loss of 90° Elbows 
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Example. A duct 12 in in diameter and 120 ft long contains two 90° 
elbows. The ratio of the radius of throat to pipe-diameter is 3. The amount 
of air flowing is 1 500 cu ft per min and the velocity 1 800 ft per min. 
Solution. The total equivalent length of duct is 

120 + (2 X 4.8) - 129.6 ft 

The pressure-loss, from the diagram of Fig. 64, is 0.48 in per 100 ft. The loss is 

0.48 X (129.6/100) - 0.62 in of water 

The pressure-loss through register-grills may be taken at 0.023 in for a 
velocity of 400 ft per min through free area. The gross area of registers is 
twice the free area. The pressure-loss in standard air-washers for a velocity 
of 400 ft per min through the free area may be assumed to be 0.15 in of water. 
In the case of humidifiers, in which the spray is directed against the flow of 
air, a pressure-loss of 0.55 in of water may be assumed for preliminary esti¬ 
mates. The values assumed for this loss vary with different manufacturers. 
The pressure-loss through hot-blast heaters may be taken from Table LVIII. 


Table LVIII. Friction of Air through Vento Heaters 


Friction-loss, in inches of water, due to air passing through Vento stacks, 
based on free area of heater. Regular section. Standard 5-m spacing of loops. 
Air-temperature 70° F. 


Velocity 
through 
free area 
in feet 
per 

minute 

One 

stack 

Two 

stacks 

Three 

stacks 

Four 

stacks 

Five 

stacks 

Six 

stacks 

Seven 

stacks 

800 

0.037 

0.070 

0 103 

0.135 

0.167 


0 232 

900 

0 047 


0 129 

0 170 

0 211 

0 252 

0 293 

1000 

0.059 



0.211 

0.262 

0.313 

0 364 

1 100 

0.071 

0 132 

0.193 

0 255 

0.316 

0.377 

0 438 

1 200 

0.084 

0 157 


0 303 

0.376 

0.449 

0 522 

1 300 

0.099 

0 185 

0.271 

0.356 

Ezza 

0 528 

0 614 

1 400 

0.115 

0.214 

0 314 

0 414 

0 513 

0.612 

0 712 

1 500 

0.132 

0 246 

0.360 

0.474 

0.588 

0 702 

0 816 

1 600 

0.150 

0.280 

0.410 

0 540 

0.670 


0 930 

1 700 

\mni2M 

0.316 

0.463 

0 609 

mJktLM 

0 903 

1 049 

1800 

0.190 

0 354 

0.518 

0.683 

0.848 

1.012 

1.177 


Effect of Temperature on Pressure-Losses. The preceding data on pres¬ 
sure-losses in ducts, registers and heaters are based on an air-temperature of 
70°. For other temperatures, the pressure-losses are to be multiplied by the 
ratio, density of air at actual temperature to density at 70°. These ratios are 
given in Table LIX. For heaters use the average temperature of the air 
passing through the heater. 

Design of Duct Systems. There are two schemes used in proportioning 
air-ducts: (1) the velocity method, and (2) the method of equal friction pres¬ 
sure-loss per foot of length. The first method involves the fixing of the veloci¬ 
ties (see Table LIV) in the various sections, and the gradual reduction of the 
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Design of Air-Ducts 


Table LIX. Ratios of Density of Air at Actual Temperature to 
Density at 70° F. 


Temperature 

Factor 

Temperature 

Factor 

100 

0 945 


BSHI 

120 

0.910 



130 

0.890 




velocity from the beginning of duct to the point of discharge. In this case the 
pressure-loss is computed separately for each section having a different velocity 
and the various pressure-losses added together to obtain the total loss in 
pressure. The second method is used principally in the design of duct sys¬ 
tems for factory-heating. The velocity in the outlet farthest from the fan is 
fixed and the area and diameter of this branch are determined by the volume 
of air to be delivered. The friction pressure-loss per 100 ft of a duct of this 
size is determined by the diagrams in Figs. 76 and 77. The remainder of the 
main duct is then proportioned for this same pressure-loss per 100 ft. 

Example. The first method is illustrated in Fig. 78, showing a single-duct 
system. The risers are figured for a velocity of 600 ft per min, or 10 ft per sec; 



Fig. 78. Single-duct System 

and 400 ft per min, or 6.6 ft per sec; through free area of register-grill. The 
velocity in the longest main, B, is 900 ft per min, the volume of air to be deliv¬ 
ered 2 000 cu ft per min, and the temperature 120°. 

Solution. The area of the riser required is 

2 000/600 - 3)4 sq ft, or 480 sq in 

An 18 by 27-in riser, giving 486 sq in area, is used. The area of main, B , if 
2 000/900 - 2.22 sq ft, or 320 sq in 

The size of the duct is 12 by 27 in. The diameter of a round duct for the same 
friction-loss for the riser, from Table LVI, is 24 in, and for the main, B , 19.5 in. 

Referring to the diagram in Fig. 76, the pressure-loss for the riser is 0.032 in 
per 100 ft. For the main the pressure-loss is 0.09 in per 100 ft. The main has 
one elbow and the riser one elbow, and the ratio of radius at throat to diameter 
will be assumed to be 3, in both cases. The equivalent length of main, J3, it 
therefore 

200 + (4.8 X 20/12) - 208 ft 

















Table IX Speeds, Capacities and Horse-Powers, American Sirocco Single-Inlet, Standard-Width Fans 

American Blower Company 

Air-temperature, 70° F. Ratio of total to static pressure. 1.15. Ratio of velocity to static pressure, 0.15. Fifty-per-cent open 
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M 

6 945 
640 

4.19 

8 800 
568 
5.29 

10 870 
512 
6.48 

15 630 
427 
9.27 

21 260 
336 
12.55 

27 820 
320 
16.32 

35 140 

285 

20 5 

43 400 

256 

25.25 

S 

© *# in 

<N m rs 
© •Of- 

* CS* 

7 620 
492 

3 44 

9 416 
443 
4.22 

13 540 
369 
6.01 

m vo «o 

<-•1 -4 T-l 
• 

00 00 

§ o 

*H (N . 

'f 2 

cs 

© o oo 
S' 'fro 
'f <N . 

o 2 

ro 

37 650 
222 
16.48 

S 

5 500 
505 
2.08 

6 970 
449 
2.62 

8 600 
403 
3.225 

12 350 
336 
4.6 

©oors 
©oo • 
oo rs cs 

© cs'f 

© cs • 

CM 00 

cs 

© 'f <N 
©cscs 
» CS 

f- ° 

CS ^ 

34 300 
202 
12.55 

- 


jjjd 

7 690 
362 
2.295 

ONOO 
O© CM 
© <D • 
ID 

©Oi’t 

© cs . 
to * 

19 700 
226 
5.78 

24 860 
201 

7 26 

30 750 
181 
8.95 


4 260 
391 

97 

5 400 
348 
1.215 

0*0 CS 
in — < O' 

OfOTjl 

O J 

9 580 
260 
2.14 

13 050 
223 
2.9 

17 000 
196 

3 76 

21 500 
174 

4 73 

26 500 
156 
5.81 

£ 

3 480 
320 
.526 

4 410 
284 
.664 

5 450 
256 
.811 

7 835 
214 
1.06 

10 670 
183 
1.57 

13 920 
160 

2 045 

17 615 

142 

2 58 

21 760 
128 

3.17 

* 

SOT 

rji 

3 070 
200 
308 

3 790 
180 
.378 

5 460 
150 
.541 

7 425 
129 
.731 

9 720 
112 
.954 

12 250 
100 
1.206 

15 150 

90 

1 473 

Maintained resistance 
or static pressure in 
inches of water-gauge 

C. F. M * 

R P. M. 

B H. P. 


C F M. 

R. P. M. 

B H. P. 

fedai 

dtf« 

as* 

dtfqq 

C F. M. 

R P. M. 

B. H. P. 

dctjffi 

C F. M. 

R. P. M. 

B. H. P. 

Diameter 
of wheel in 
inches 

CN 

B 


VO 

CO 

rs 

'f 

3 

'f 

s 

Fan- 

number 

1 

B 

•o 


1 

oo 

Ov 

© 



































Double-inlet fans have approximately double the capacities of single-inlet fans and require for their operation, under the same conditions, approx¬ 
imately twice the power. The “per-cent opening” refers to the opening used for the rating given from the test-data. 

* C. F. M. denotes cubic feet per minute; R. P. M., revolutions per minute; and B. H. P., brake horse-power. 
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and the pressure-loss is 

0.09 x (208/100) - 0.187 in 
The equivalent length of riser is 

34 + (4.8 X 24/12) - 44 ft 

and the pressure-loss is 

0.032 X (44/100) - 0.014 in 

The pressure-loss through the register-grill is 0.023 in. The total resistance 
of the duct system is therefore 

0.0187 + 0.014 + 0.023 - 0.224 in 

Assuming that a five-section Vento heater is employed, with a velocity (fig. 
ured through free area) of 1 200 ft per min, the pressure-loss through the 
heater is 0.376 in (Table LVIII). The total resistance against which the fan 
must operate is 

0.224 in 4- 0.376 in — 0.60 in 

based on 70° air. Assuming the temperature of the air to be 120°, the resist¬ 
ance is 

0.60 X 0.91 (Table LIX) - 0.55 in 

The second method of duct-design is illustrated by the example given under 
Application of Hot-Blast Heating Data. 

Ventilating Fans 

Steel-Plate Fan. The standard type of fan that was used for a number of 
years in hot-blast work is known as the steel-plate fan, the construction of 
the wheel being shown in Fig. 79. As the name implies, the wheel and casing 

of this fan are constructed of 
steel plate and light structural 
sections, the wheel having eight 
to twelve blades, straight or 
slightly curved at the periph¬ 
ery, and in a direction oppo¬ 
site to the rotation. Steel- 
plate fans are designated by 
number, this number being the 
approximate height of the 
fan-casing in inches. 

Multibladed Fan. The new 
type of fan wheel, known as 

the MULTIBLADE or TURBINE- 
TYPE impeller, Fig. 80, is now 
used almost exclusively* in the 
field of heating and ventilating,, 
and on account of its higher 
efficiency, quieter running, and 
relatively smaller size for the 
same capacity than the steel-plate fan, has supplanted the latter. The higher 
efficiency is accounted for by the material reduction of the air-resistance or 
pressure-head loss by friction through the fan, due to the shorter blades 
and the larger inlet, which is of practically the same diameter as the wheel 
itself. 



Fig. 79. Standard Steel-plate Fan-wheel 



Ventilating Fans 
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Rating of Fans. The volume of air at 70° which a fan will deliver (cubic 
feet per minute) varies with the resistance against which it operates. In 
order to choose a fan from Table LX, the resistance (static pressure) must 
first be determined by the duct-design, and after the size of the heater has 
been chosen and its resistance determined. The speed and brake horse¬ 
power required to drive the fan are also stated in the tables. The temperature 
of the air handled by the fan with draw-through apparatus is higher than 
70°, except for a fan which is connected ahead of a tempering-coil, usually a 
two-section-deep heater. The tabulated speed, volume and brake horse¬ 
power to maintain the pressure must be multiplied by the factors given in 
Table LX,I for temperatures other 
than 70°. The above factors in this 
table are the square roots of the 
ratios of the density of the air at 
70° F. to its density at the tempera¬ 
ture stated. 

Table LXI. Factors for Speed, 

Volume and Brake Horse-power 


Fig. 80. Multiblade Wheel 

Application of Hot-Blast Heating-Data to an Industrial Building 

The Application of the Foregoing Data on hot-blast heating to an industrial 
building follows (see Fig. 81). The calculated heat-loss is 1 423 920 Btu 
per hr. 

Conditions. Air recirculated and inside temperature maintained at 60°. 
Velocity of air through heater, from 1 000 to 1 200 ft per min. Velocity of air 
at last outlet in duct system, 1 275 ft per min. Temperature of air delivered 
by heater, 145°. 

Weight of Air to be Circulated per Minute. This is 

1 423 920/(0.24 (145 - 60) 160] - 1 163 lb 

Size of Vento Heater. This condition, 60° initial and 145° final tempera¬ 
ture, requires a heater five stacks deep (Table LIII), and a velocity of 1 000 ft 
per min through free area at a temperature of 70°. The volume of air per 
minute measured at 70°, to be handled by the heater and fan is 
1 163/0.075 - 15 506 cu ft 
The free area required is: 

15 506/1 000 - 15.5 sq ft 

Assuming a 60-in length of section with loops 5 in on centers, the free area 
per section is 0.92 sq ft (Table L). The number of sections per stack is 

15.5/0.92* 17 


Temperature in 
degrees 
Fahrenheit 

Factors 

0 


100 

■ *. ■ 

120 


130 

1 055 

140 

1.064 

150 

1.073 
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The total number of sections required is 
5 X 17 - 85 

The total heating-surface is 

85 X 16 - 1 360 sq ft 

Weight of Steam or Condensation per Hour. This is 

1 360 X 1.09 (Table LIII) - 1 482 lb 
The equivalent amount of direct radiation is 

1 482/0.25 = 5 929 sq ft 

Design of Duct System. The round ducts will be designed for equal- 
friction pressure-loss per foot of length. The final velocity at the last or most 
remote outlet from fan will be taken at 1 275 ft per min. The friction pressure- 
loss for this velocity, as read from the diagram in Fig. 76, is 0.25 in of water 
per 100 ft of length. There are to be eighteen outlets. The total volume of 
air to be discharged, measured at 145° F., is 

1 163/0 065 = 18 000 cu ft per min 
or 

18 000/18 — 1 000 cu ft per min per outlet 

The cross-sectional area of the outlet or last section is 1 000/1 275 sq ft, cor¬ 
responding to a circular section with a diameter of 12 in. The branch-outlets 
may all be made the same size and provided with dampers to adjust or equalize 
the flow. The friction pressure-loss in the duct system is therefore 

(212/100) X 0 25 => 0.53 in of water 

The size of each section of duct is determined by locating the quantity of air 
at the right of the diagram and passing horizontally to the intersection with the 
0 25-in pressure-loss line. 


Table LXII. Data for Design of Ducts in Fig. 81 


Section 

Quantity 
of air in 
cubic feet 
per minute 
145° F. 

Duct- 

diameter in 
inches 

Velocity 
in feet per 
minute 

Measured length 
plus allowance for 
ells, in feet 

A 

1 000 

12 

1 275 

25 +[IX (6 + 3)1-34 

B 

2 000 

16 


IS 

C 

3 000 

18» j 


15 

D 

4 000 

21 


15 

E 

5 000 

23 


15 

F 

6 000 

25 


15 

G 

7 000 

26 


15 

H 

8 000 

28 


15 

I 

9 000 

29 


35-4-[2 4(6 + 10)]-73 

J 

18 000 

38 

2 285 

Total length — 212 


Selection of Fan for Draw-Through Arrangement. The static pressure 
rating required, referred to a temperature of 70°, is. 

Pressure-loss in heater (data from Table LVIII) — 0.26 i* 
Pressure-loss in duct (data from chart, Fig. 76) - 0.53 in 

Total - 0.79 in 
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The actual pressure-loss will be somewhat less, owing to the fact that the 
air-temperature is higher (145° F.) and the density less than for air at 70° F. 
The actual estimated pressure-loss is therefore assumed to be in. 

The volume of air the fan must handle in this example is 18 000 cu ft per 
min, measured at 145° F. As stated under Rating of Fans, to maintain a 
constant pressure the tabulated speed, volume and horse-power must be mul¬ 
tiplied by the square root of the ratio of densities, or 

\/0.0/5/0 066 - 1 07 (nearly) (Table LIX) 

We therefore select from Table LX a fan having a capacity, measured at 
70° F., equal to 

18 000/1 07 «* 16 822 cu ft per min (approximately 17 000) 

when operating with a static pressure of % in. A No. 8 Sirocco fan fulfills this 
requirement. The tabulated speed and horse-power when multiplied by the 
factor 1.07 gives 

196 X 1.07 - 210 r.pm. 

and 

3.76 X 1-07 « 4 02 brake horse-power 

To allow for the contingency of possible overload add 20%, making the 
required horse-power equal to 4.82, say, a 5 horse-power motor. 

Selection of Fan for Blow-Through Arrangement. In this case the fan 
may be called upon to handle air at a temperature of 0° F., or lower. Assum¬ 
ing the same weight of air, or 70 000 lb per hr, to be handled by the fan at a 
static pressure of % in, the volume at 0° is 

70 000/(0.086 X 60) = 13 566 cu ft per min 

Referring to Tabic LXI, the ratio between the speed, volume and power neces¬ 
sary to produce the same pressure for air at 0° and air at 70°, is found to be 
0.932. We therefore choose a fan with a capacity of 

13 566/0.932 - 14 557 cu ft of air at 70° 
and with a static pressure of % in. 

Fan-Engine. When high-pressure steam is available an automatic high¬ 
speed engine is frequently employed for fan-driving, and the exhaust from the 
engine is used in the first section of the heater. 

Selection of Motor for Fan-Driving. It is considered good practice to add 
from 15 to 20% to the brake horse-power, as determined from the fan-tables, 
for the rating of the motor, to allow for a possible overload due to the fact that 
the fan may not be operated under exactly the same conditions as to pressure 
and speed as those under which it was originally rated. 

Additional Heating Requirement. It is frequently desirable to proportion 
the heating-apparatus large enough so that the fan may be shut down at night 
and started up about two hours before the shop or factory is opened in the 
morning. In this event it may be safely assumed that the temperature of the 
air in the building will not be below 30° F. when the fan is started, and that 
the air is all recirculated. The fan and heater must be of sufficient capacity 
to take care of the heat-ioss from the building, including the infiltration, and 
in addition to warm up the contained air from 30° to 60° in two hours. As¬ 
suming the same data as given in the preceding example, the additional heat 
required will be, if the cubic contents of the building are 328 000 cu ft, 

(328 000 x 0.08 X 0.24 X 30)/2 - 94 464 Btu per hr 
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This amounts to an increase of approximately 7% in the heating require¬ 
ments as previously calculated, and is readily provided for by increasing the 
steam-pressure carried in the heater to approximately 10-lb gauge. Cata¬ 
logues, bulletins, etc., on the subject of hot-blast heating, air-washing and 
humidification may be obtained from the American Blower Company, the 
B. F. Sturtevant Company, the Buffalo Forge Company, and the Carrier Air 
Conditioning Company. 

Example.* Schoolhouse Ventilating System (see Fig. 82). It is here 
assumed that ventilation is to be supplied at the rate of 30 cu ft of air per 
minute per pupil. The heating requirements are to be taken care of by the 
installation of direct radiation (split system). 

The air quantities and velocities assumed for the various sections of the 
trunk-line duct system are given by Table LXIII. 


Table LXIIL Air Schedule for Typical School Layout 


Room number 

a 

e 

** 

a 

o 

u 

o 

£ 

n 

V 

Dimensions, ft 

Floor, sq ft 

Number of pupils 

Air required per 
min, cu ft 

d 

« 

CO 

h 

O 

« 

N 

V) 

a 

8 

0) 

a 

ts 

£ 

‘5 

o 

> 

a 

h 

«l 

M 

to 

£ 

« 

N 

a> 

Diffuser velocity, 
ft per min 

1 


26^X22X12 

583 

40 

1 200 

16X20 

540 

20X30 

288 

2 


26,4X22X12 

583 

40 

l 200 

16X20 

540 


288 

3 

jBE|s5R 

264X22X12 

583 

40 

1 200 

16X20 

540 


EH 

4 



583 

40 

1 200 

16X20 

540 

20X30 

288 

5 

J' 

264X22X12 

583 

40 

1 200 

16X20 

540 

ETiCTIfl 

EH 

6 

7 000 

264X22X12 

583 

40 

1 200 

16X20 

540 

20X30 

288 

7 

8 720 

33 X 22 X 12 

726 

50 

1 500 

16X24 

563 

24X30 

miom 

8 

8 720 


726 

50 

1 500 

| 16X24 

563 

24X30 

300 

9 

■HMj 

264X22X12 

583 

40 

1 200 

16X20 

540 

20X30 

288 

10 


264X22X12 

583 

40 

1 200 

16X20 

540 

20X30 

288 

11 

■- JSS 

22 X 22 X 12 

483 

33 

990 

16X16 

556 

16X30 

297 

12 



583 

40 

1 200 

16X20 

540 

20X30 

288 

13 

3 360 

21,4X13X12 

280 

20 

600 

12X16 

450 

16X20 

wSEM 

14 

3 360 

214X13X12 

280 

20 

600 

12X16 

450 

irasmu 

270 

15 

■wmi] 

54 X27X12 

1 460 

iTwl 

3 000 

2-16X24 

564 

24X30 

300 

16 

6 480 

20 X27X12 

540 

37 

1 110 

16X20 

503 

20X26 

289 

17 

Audi¬ 


264X22X12 

583 

H 

1 200 

16X20 

540 

20X30 

288 

torium 

37 600 

65 X34X17 

2 220 


2 500 

2-16X20 

565 

20X30 

301 

Office 


14 X22X12 

308 


250 

8X12 

375 

12X12 



The pressure losses (Table LXIV), for the various sections of the duct were 
determined in a manner similar to the method previously given. 

The bottom of all diffusers located in the walls at the end of supply risers 
to be 8 ft above floor-line. The vent openings to be located at the floor-line. 

Unit heaters are construed to mean any combination of an indirect radiator 
and fan or blower, constructed or manufactured to be sold and erected as a 
unit having a common enclosure or casing. A motor or other auxiliary appa¬ 
ratus, such as valves, bypass dampers, louvers, screens, controls, etc., may or 
may not be included as a part of the unit, as may be specified. 


C. A. Criqui. 
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Table LXIV. Trunk-Line Distribution for Typical School-Building 
(See Fig. 82) 


Section, 

Veloc¬ 
ity, ft 
per min 

Vol¬ 
ume, 
cu ft 
per min 

Area, 
sq ft 

Size, ft-in 

Length, 

ft 

Equiv¬ 

alent, 

round 

duct 

diam¬ 

eter, 

in 

Pres¬ 

sure 

loss, 

inch 

of 

water 

A. 

1 300 

26 455 

20.35 

10- 6X2- 0 

14 

■a 

0 0070 

B.. 

1 150 

13 815 

12.01 

6- 0X2- 0 

10 

■I 

0 0057 

C . 

1 100 

13 541 

12 3 

6- 0X2- 0 

12 


0 0060 

D.... 

1 000 

10 510 

10 5 

5- 3X2- 0 

6 

41 


E. 

900 

6 550 

7 3 

3- 8X2- 0 

15 

36 

0 0048 

F .. 

850 

5 335 

6 27 

3— 1X2- 0 

8 

33 

0 00288 

G... 

800 

2 640 

3 3 

1- 8X2- 0 

20 

261$ 

0 0056 

Riser S-2-9 

540 

1 200 

2 22 

0-16X0-20 

20 

m-2 

0 0056 

Diffuser. 

288 

1 200 

4 2 

0-20X0-30 





Total loss of straight ducts = 0 040 

Allow for diffuser and regulating damper *= 0 100 

1 elbow in B . = 0 042 

2 elbows in G . = 0 007 

2 elbows in riser. — 0 003 

Total for duct system. » 0 192 

Pressure loss, fresh air intake, 1 5 X 0 05 v p. Velocity 900 ft 

per min) . . = 0 075 

Pressure loss tempering coil, 1 000 ft per min velocity . . = 0 100 

Pressure loss through air washer 500 ft per min *= 0 230 

Pressure loss through reheater 1 000 ft per min velocity. . = 0 100 
Pressure loss, fan connection to duct system. 0 48 X 0 16 v p. 
at fan outlet (1 600 ft per min) .. .■= 0 076 

Total pressure loss.... .** 0.773 


The heating and ventilating of buildings is frequently accomplished by 
means of unit heaters which incorporate in a single unit all the apparatus 
necessary for providing, directing and controlling the necessary volume of 
air heated to the proper temperature for the purpose. For schoolhouse pur¬ 
poses, the unit heater frequently provides for the ventilation requirements 
only, the heating being taken care of by direct radiation. 

Unit heaters generally have no air ducts attached either to the outlets or 
to the inlets, the units being complete heating batteries in themselves. 

They may be located in the various rooms or parts of a building for. dis¬ 
charging warmed air into the room or building, and either entirely or partially 
recirculating the air, or else having a fresh-air connection for special ventila¬ 
tion purposes. These units, in the case of a schoolroom and sometimes in 
factories, are set on the floor, but more frequently in factories suspended from 
the roof-trusses so as to leave the floor-spaces unobstructed. 

The schoolroom ventilating units are usually located under a window so 
that fresh air may be taken into the unit over the window-sill and under the 
bottom sash of the raised window. Otherwise special openings through the 
walls are required. 
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Application of Hot-Blast Heating-Data 

In the case of the factory units, the feature of noise produced by the air 
passing through the fans, heaters and ducts is not particularly important, bat 
a specification for the schoolroom unit should state that the specified air 
quantities be delivered into the schoolroom without any objectionable noise 
The engineering information given throughout this chapter is applicable 
to the calculations of heating and ventilating installations where unit heaters 
are to be used. The data as to sizes, capacities, etc , of the various makes 
of units must necessarily be obtained from the manufacturers. 



Fresh Air Intake 
Louvres 


Fig 82. Metal Duct Distribution. Typical School Layout. Basement Plan. 

Classification of Unit Heaters. Unit heaters may be broadly classified in 
accordance with the type of building they are designed to serve: (1) schools 
and public buildings, (2) industrial and factory-buildings. 

School and Public-Building Class. This class, usually located under a 
window, consists of a small ventilating fan or fans of the enclosed multivane 
type, fan motor and indirect heating surface of either copper or cast iron all 
enclosed in a finished sheet-steel casing provided with an outside air intake 
and recirculation intake. Each intake is provided with a damper and the 
dampers are usually so connected that the full opening of one closes the other. 
The fan draws in either all outside air, all recirculated room air, or a mixture 
of the two as may be desired. 

One type of unit heater in this class is shown by Figs. 83-84. 

The weight of air M to be circulated per hour is fixed by the ventilating 
requirements, usually 25 to 30 cu ft per minute per occupant of the room 
measured at 70° F. 

If N — number of occupants; 
then M - N X 30 X 0.075 X 60 - 135 N 
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Case I. If no direct radiation is installed, the entire heating and ventilating 
requirements must be taken care of by the unit heaters. 

Let H — heat loss of room Btu per hour; 

t ■■ temperature to be maintained in the room; 
t y ■ temperature of air leaving the unit (see manufacturers’ tables). 

II - 0.24 M (t y - 0 


iy 


II 

0.24 M 


+ / 



The amount of heat to be supplied by the heater will depend entirely on the 
amount of outside air and its temperature that must be circulated in accord¬ 
ance with the ventilating requirements. 

Let t «=» temperature of outside air. 

If all outside air must be employed and Z7i - heat to be supplied by the 
indirect heater in Btu per hour, then 

II i * 0.24 M (ty - t 0 ) ( 1 ) 

If all of the air is recirculated, 

Hi - 0.24 M (t v - /) ( 2 ) 


This is the same amount as would be required from the direct radiation. 

The heating surface to be installed is based on Equation (1) and as the 
heat loss H of the room varies, the byp ass damper, under thermostatic con¬ 
trol, automatically bypasses more or less air around the heater, thus controlling 
the temperature of the air t v entering the room and consequently the heat 
which this air gives up to balance H. 


Case II. Heat loss of the room, II, is to be taken care of by the installation 
of direct radiation and the ventilating requirements by unit heaters. 


The area in square feet of direct cast-iron radiation to be installed 



which R — Btu emitted p>er square foot per hour by cast-iron radiator (usu¬ 
ally assumed 240). In this case t y should be equal to or slightly higher than 
the room tempjerature, /, to be maintained, usually 70°. 

Then U\ 0,24 M (70 — / 0 ). The total heat to b f supplied in this case 
will be H + Hi Btu per hour. 
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We have assumed in the above formula a unit heater having the actual 
capacity required with t v - 70°. Actually, however, it is necessary to em¬ 
ploy a standard unit heater. These units are rated on a basis of cubic feet 
per minute C delivered at a certain temperature t y with an initial tempera¬ 
ture *o- Choose the nearest size heater having a capacity C above 30 N cubic 
feet per minute, measured at 70°, the temperature t v being stated in the table 
for assumed outside air temperature, 

The heat available from the unit heater for heating the room, Z7/j, will be 
Hh m 0.24 X 60 X C X .075 X t y - () Btu per hour 


(0.075 = density of air at 70°) 


Subtract this amount from // in 
determining the direct radiation to 
be installed; or the square feet of 
direct radiation actually to be in¬ 
stalled will be -- 

iv 

The heat to be supplied to the 
ventilating unit will be 

II <, = 0.24 X 60 X C X 

0.075 {ty — / 0 ) Btu per hour 

The total heat to be supplied both 
the direct and indirect radiation will 
therefore be 

(II — Hh ) + IIv Btu per hour. 


Discharge Grille 
t*-14-—> 


Motor-driven '■; 

Fre«h Air and V^-Il ■J' J \ 

Recirculation_£ 

Damper —V- — j-| 

Pneumatic 

Control of- 

Fresh Air and /P-J £ w 

Ron i culation 'yp 

Recircuintion yzsszzrac: —a t 
Grille—" Wall Box with/ 
Stationary Louvres 


Example, Case I. Assume a school- r . OJ c .. n .. t T . . 

, . , f , A - 4 , Fig 84. Section Through Peer Vent Unit- 

room designed for 40 pupils with a heater 

heat loss // *=» 30 000 Btu per hour, 

both heating and ventilating requirements to be taken care of by unit 
heaters. 


t = 70°. / 0 «*» 0. All fresh air to be circulated at the rate of 30 cu ft 
per minute per pupil 

M - 40 X 30 X 0.075 X 60 - 5 400 lb per hour 
30 000 

OliTTioO + 70 “ 931 ° 

III « 0.24 X 5 400 (93 - 0) - 115 506 Btu per hour 
Assuming 2-lb gauge steam-pressure, and corresponding latent heat of 970 
Btu per lb, the condensation per hour will be “ 119.1 lb. 


Example, Case II. Assume the same data as in the preceding example. 
The volume of air required for ventilation based on 30 cu ft per min per pupil 
is 30 X 40 «• 1 200 cu ft per min. 

The equivalent amount of direct radiation required is 30 000 + 240 - 125 
sq ft. 

Referring to a manufacturer’s rating table, we find that the amount of 
direct radiation which a certain unit will replace or that can be omitted is 
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74 sq ft; therefore the actual direct radiation to be installed will be approxi¬ 
mately 51 sq ft. 

Factory-Type Unit Heaters. The complete unit consists of a fan or Ians, 
indirect heating surface of pipe coil, cast-iron sections or copper sections, 
all enclosed in a sheet-metal jacket. Factory heaters are of various types, 
designed to be hung from the roof structure, placed on a wall-bracket, or 
set on the floor. 

Generally, the air passing through the unit is all recirculated air as sufficient 
air for ventilating purposes, in the ayerage industrial plant, is provided by the 
infiltration, unless odors, fumes, etc., given off by the process require outside 
air to be drawn into the building. If the humidificaton of the air is a 
requirement, combination unit heaters are on the market in which there is an 
air washer, provided with a water heater, capable of saturating the air passing 
through the unit. A fresh-air intake is usually provided, in this case, so that 
cooling of the air for ventilation during the summer months may be accom¬ 
plished. 

There are a large number of factory-type unit heaters on the market but 
space will not permit of illustrating any unit heaters of this class. 

The installation of floor-type unit heaters with recirculation in single-story 
industrial buildings will effect a saving in the fuel required for heating vari¬ 
ously estimated from 10 to 30% as compared with direct radiation. The 
initial cost of the unit-heater installation is less than the equivalent direct- 
radiation installation. 

The saving in fuel is effected by recirculating the air at a lower level, which 
produces lower air temperatures at the higher wall elevations and under the 
roof deck than is obtained with direct radiation, the heat loss of the building 
thus being reduced. 

This class of heater is rated by the manufacturer on a basis of Btu output 
with recirculated air at 60° — 65° F., the number of units required of any 
certain size being determined by dividing the calculated heat-loss of the 
building ( H) by the Btu output of the unit selected. Consult manufacturers’ 
literature for further information in reference to unit heaters and their rating. 


Ventilation 

Natural and Mechanical Ventilation. Ventilation, whether natural or 
mechanical, consists in the displacement of vitiated air from an apartment 
and its replacement by fresh air. To state that the air in an apartment is 
renewed any given number of times per hour is not strictly accurate, as a posi¬ 
tive change does not actually occur; the incoming air mixes with and dilutes 
the foul air to a point suitable for healthful respiration. In natural-venti¬ 
lation systems the movement of the air in flues, ducts, etc., is induced solely 
by the thermal head produced by the difference between the density of the 
column of air in the ducts and that of the outside atmosphere; the higher the 
temperature in the ducts the more powerful the draft. The direction and 
velocity of the wind materially affect the natural ventilation, retarding or 
accelerating the movement of the air through ducts and flues, according to 
the exposure of the building and the position of inlets and outlets. In 
mechanical ventilation the movement of air is positively maintained by 
means of various types of fans, driven by an engine or electric motor. With 
fans of known efficiencies the results can be accurately estimated. The 
principal advantages of the use of mechanical systems of heating and ventila¬ 
tion have already been stated under Hot-Blast Heating. 
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Systems of Ventilation. Ventilation systems are also broadly divided into 
two general classes known as the upward system and the downward system. 
The upward system (Fig. 85) is sometimes used for audience-rooms where 



there is strong natural tendency for the heat given off by the large number 
of occupants to rise and take with it the vitiation-products due to respiration. 
Such systems are seldom employed for summer ventilation when air cooled 
below the average desired room temperature must be introduced. Upward 
systems are not always a success for winter ventilation and many designers 
prefer a downward system for both summer and winter conditions. The 
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Ant is supplied near the FLOOR-LINE through mushroom ventilators in the 
floor, or through the hollow pedestals of the chair9 themselves, or through low 
registers. The vihated-air outlets are 
in or near the ceiling. This system 
makes it rather difficult to heat the room 
in advance of the arrival of the audience as 
the outlets allow the warmed air to escape 
almost as rapidly as it can be introduced. 
The downward system (Figs. 87-88) is 
very generally used in school-rooms, hospi¬ 
tals, institutions, and audience-rooms, as 
theaters, moving-picture houses, etc. The 
occupants are not as closely placed in a 
school-room as in a theater, and a more even 
distribution of air and more uniform heating 
can be secured when the air is supplied 

EIGHT FEET OR MORE ABOVE THE FLOOR, and 
the VITIATED AIR REMOVED AT OR NEAR THE 
floor-line. On account of the elevation of 
the inlets above the heads of the occupants 
there is little liability of drafts, and if the out¬ 
lets are on the same side wall as the inlets 
there is very little opportunity for short- 
circuiting between inlet and outlet, since the incoming air must flow out across 
the room to the cold outside wall before it can cool and drop to the floor- 
level. It is, however, necessary in the downward system, to overcome the 
natural tendency of the heated air from the bodies of the occupants to rise 



Fig. 87. Section through Theater Showing Cooling Plant. Downward System 


and oppose the uniform downward tendency of the incoming fresh air. The 
selection of either system must depend entirely on the conditions to be met. 
These have been outlined in the above paragraphs. 



8IZX8 OF "ABC” MUSHROOM VENTILATOR 



Approximate 

Approximate 


Inside Dlamrter. 

Weight 

4 

4# 
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6 


10 lb 

0 
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Fig. 86. Section through ABC 
Mushroom Ventilator 
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In some recent theater and ball-room installations the ejector system 
(Fig. 88) has been employed. Air is introduced at a high velocity at the rear 
wall well above the audience through outlets unobstructed by grilles or any 
ceiling beams. A more vigorous circulation is possible with this arrangement 
than with any other method. This system is somewhat difficult to design as 
the size of the outlets and velocity of air must be carefully proportioned to 
to obtain satisfactory results. 

The Effect of Vitiated Air. The amount of carbon dioxide present in 
vitiated air has been, until recently, quite generally understood to be the ele¬ 
ment of danger that should be kept within safe limits. Dr. Ira Remsen has 
pointed out that the presence of carbon dioxide in itself is not dangerous to 
health except that it reduces the supply of oxygen by displacing it. Carbon 
dioxide is not poisonous, but the organic impurities that are exhaled at the 
same time with other gases that are given off may prove a menace to health. 
The ill effects of breathing air in a poorly ventilated room are due to the small 



quantities of decomposing organic matter and unhealthful gases. The carbon 
dioxide generated by the lungs and given off at the same time as the other 
impurities serves more or less as an indicator of the presence of the real 
danger. Any lowering of the oxygen-supply that is actually required for 
the proper and necessary transformation of the potential heat-value of the 
food into the physical and nervous energy required to keep the human ma¬ 
chine running, and to readily supply the additional demand made upon that 
machine to perform external work, means that industrial workers who per¬ 
form their duties in a vitiated atmosphere do so at the expense of a lowered 
vitality, and are naturally less productive. Satisfactory ventilation consists 
not only in constantly supplying, in a pure condition, fresh air free from 
odors, dust and other impurities, at the proper temperature and with 
tiie proper amount of moisture present, but also in efficiently removing 
the vitiated air. This cannot be positively or satisfactorily accomplished 
during the heating-season by simply opening the doors and windows. Some 
mechanical means must be employed. 

Relation between Humidity and Temperature. The proper and healthful 
relative humidity of the air in buildings has only in recent years been 
given the thought and attention it rightfully deserves. Heated or warmed air, 
whether purposely introduced into a building for warming, or naturally enter¬ 
ing by infiltration, on being expanded by heat, has its percentage of moisture 
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SYMBOLS FOR HEATING AND VENTILATING DRAWINGS 
(A.S.H.V.K. Guide) 
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Fig. 89. Heating and Ventilating Symbols 
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or relative humidity lowered, and consequently its capacity for absorbing 
moisture greatly increased. There is, therefore, experienced the sensation 
due to so-called dry heat. This causes an excessive and unnatural evapora¬ 
tion of moisture from the skin and from the membranes of the respiratory 
organs. Evaporation takes place by the direct application of heat and is 
essentially a refrigerating or cooling process. The abstraction of heat from 
the body for this purpose naturally tends to lower the surface-temperature, 
and one feels several degrees cooler than the temperature recorded by the ther¬ 
mometer in the room. Human comfort as affected by temperature, humid¬ 
ity, and air Motion has been a subject of research for a number of years by 
the research staff of the American Society of Heating and Ventilating Engi¬ 
neers. It has become standard practice, in this country, to install mechanical 
ventilating systems equipped with air-washers, heaters and refrigerating 
apparatus in all important moving-picture theaters and assembly-halls, the 
control of the temperature and relative humidity being made automatic. 
A standard relative humidity may be obtained when mechanical ventila¬ 
tion is used by the addition of a humidifier to the system. 

Ventilation and Air-Conditioning Standards 

Extract from A.S.H.V.E. Ventilation Code (1934) 

Air Quantity. Not less than 30 cu ft per min of air to De circulated through 
room per occupant. 

Not less than 10 cu ft per min of air to be drawn into the system from outside 
per occupant. 

Temperature and Humidity. The maintained inside relative humidity 
(R.H ) shall not be less than 30% or more than 60% when heating is required. 
The effective temperature range shall be between 64° and 69° F, and 69° to 
73° F when cooling is required. (See comfort zone—Comfort Chart). 

Air Motion. The air velocity through room measured 36 in above floor line 
shall not exceed 50 ft per min. 

Air Distribution. The air shall be distributed and circulated so that the 
variation in carbon dioxide concentration shall not exceed one part in 10,000 
measured 36 in above floor line. The data following are not a part of this 
Code. 


Table LXV. The Usual Requirements for Air Supplied per Person 
are as Follows (G. D. Small) 


Hospitals 


{ 


Ordinary. 

Epidemic 


from 35 to 40 cu ft per min 
80 cu ft per min 

Air-change 


Detention-rooms. 6 min 

Toilet-rooms . 6 min 

Bath-rooms and duty-rooms. 8 min 

Kitchens . 3 min 

Serving-rooms . 10 min 

Fumigating-rooms . 10 min 


Workshops .25 cu ft per min 

Prisons .30 cu ft per min 

Theaters .from 20 to 30 cu ft per min 

Meeting-Halls. .... 20 cu ft per min 

Schools .30 cu ft per min per child and 40 cu ft per min per adult 
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Air-Conditioning for Comfort. The A.S.H.V.E. Research Laboratory con¬ 
ducted a series of experiments to determine various combinations of tempera¬ 
ture, relative humidity, and air motion to be maintained in an occupied space, 
which produce a feeling of comfort for the occupants. 



Average Winter Comfort Zone 
—— Average Winter Comfort Line 
jHHf\ Average Summer Comfort Zone 
Average Summer Comfort Line 


The results of these experiments have been embodied in a series of charts 
based on persons normally clothed for either the winter and summer season 
and for various velocities over the subjects. 
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Ventilation-Laws. The number of ventilation-laws has increased very 
rapidly in the last few years, not only as regards the number of states which 
have added such laws to their codes, but also as to the scope and effectiveness 
of these statutes. In many cases a special ventilation-officer or commission 
has been appointed to see to the enforcement and extension of the require¬ 
ments for compulsory ventilation, so that it behooves the architect or engineer 
to become thoroughly familiar with the law of the state or states wherein he 
practices. These laws in many cases attempt to provide definite regulations 
for heating and ventilating all classes of public and school buildings. Future 
legislation will undoubtedly take a more specific form, establishing complete 
and definite codes for the heating and ventilation not only of public buildings 
but of workshops, factories and mercantile establishments as well. 

Air-Conditioning. Under this heading belong the problems relating to 
air-washing, humidification, dehumidification, cooling and drying. 

A clear understanding of the principles and laws governing air and vapor 
mixture, termed psychrometry, is essential to solve satisfactorily air-condi¬ 
tioning problems. By air-conditioning is meant present day methods and 
appliances for controlling air cleansing, humidification, heating am! cooling, 
to provide throughout the year conditions within buildings satisfactory to 
human comfort and health Space limitations do not permit treating this 
somewhat complicated subject in this chapter. 


Typical Specification for a Low-Pressure, Vapor or a Vacuum 
System of Heating 

(Note: Use only such description and headings in the following specifica¬ 
tion as apply to the system contemplated.) 

General. This Contractor shall provide all the necessary tools, appliances, 
construction equipment, temporary scaffolding, supports, etc., as may be 
required to install the complete heating system hereinafter described. 

This Contractor will be bound by the provisions of the detail general con¬ 
ditions, which form a part of the contract documents for the general contract 
for the building and which will also be made a part of the contract docu¬ 
ments for the sub-contract for heating. (If the contract for heating is to be 
let direct and is not a part of the general contract, it is recommended that the 
Architect include with this specification such part or parts of “The General 
Conditions of the Contract for the Construction of Buildings ” standard form 
of the American Institute of Architects, as he may desire to incorporate a9 
part of the contract documents for this work. It is recommended that the 
standard printed form be employed with such deletions and changes as the 
Architect may desire). 

This Contractor shall do all excavation work, cutting, drilling and patching 
as may be required to install the heating system and when completed shall 
remove all temporary scaffolding, debris, etc., resulting from his operations, 
from the building and property. 

This Contractor shall in no case cut or drill any structural member in the 
building, which would tend to weaken the structure, without first securing 
permission in writing from the Architect. 

This Contractor shall be held responsible fo r the safety and condition of all 
materials delivered to the site as required for this operation and all work done 
until such time as the complete system has been accepted by the Architect. 
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AH materials furnished shall be new and in first-class condition. The work 
shall be done in a neat and first-class workmanship manner. 

Any materials or appliances not fully conforming to the requirements of 
this specification that may have been incorporated in the work shall, without 
delay or further notice, be removed and replaced with materials that do con¬ 
form to the specification. 

This Contractor shall repair any and all damage, of any kind, nature or 
description, to the building that may result from his operations, in a manner 
that is satisfactory to the Architect before the work will be accepted. 

Description of Work. This Contractor shall install a complete (low- 
pressure, vapor or vacuum) system strictly in accordance with the heating 
plans, details for same and the following specification: 

This system has been designed and apparatus selected to maintain an 
average breathing line temperature within the building of 70° F. when the 
outside temperature is (.... °) and when operating with a steam pressure of 
_lb per sq in gauge at boiler. 

Boiler. The boiler to be a hand-fired, low-pressure (cast-iron round or sec¬ 
tional type or steel type) provided with a minimum grate-area of .. sq ft, 
as manufactured by (list the names of manufacturers acceptable here) designed 
to burn (anthracite, bituminous, coke, gas or oil) as fuel. (State here char¬ 
acter of solid fuel, if same is to be employed, Btu value of gas or oil. If solid 
fuel is to be employed state the “firing period” in hours desired when the 
boiler is carrying the load for the temperature conditions for which system is 
designed.) 

Tins boiler shall be guaranteed by the manufacturer to have been con¬ 
structed and tested in accordance with the A.S.M.E. Boiler Construction 
Code. 

This boiler shall be connected to a chimney or stack_in X .. in 

inside dimensions by . . . ft in height provided by others. 

The boiler shall be equipped with rocking grates suitable for fuel specified for 
solid-fuel boiler, damper in smoke outlet and undergrate damper; 1 accurate 
pressure gauge .... in diameter (brass or nickel-plated) with scale reading 
up to 30 lb per sq in with non-syphon connection to boiler; 1 water column 
with gauge glass and two trycocks; 1 pop safety-valve set to relieve at . . lb 
per sq in, complying with A.S.M.E Standards (for vapor systems the vajve 
is usually set to blow at 3 lb per sq in); 1 brass draw off cock; 1 all-metal- 
type steam-regulator with bellows-type diaphragm for damper control; a full 
set of firing and cleaning tools supplied by the boiler manufacturer as standard 
equipment. 

Boiler Foundation and Ash-Pit. This Contractor shall construct a concrete 
boiler foundation and ash-pit, including all excavation and back-filling 
required, in accordance with the detail for same as furnished by the manu¬ 
facturer of the boiler. 

Smoke-Flue. Connect boiler smoke-outlet to chimney or stack with a 
round flue the same size as boiler smoke-outlet. Provide a damper with 
segment-type handle in this flue. Flue to be constructed of galvanized sheet 

steel (or iron)-U. S. gauge. This flue and its connection with the chimney 

to be made tight. 

Pipe and Fittings. AH pipe employed must be new, free from scale or rust, 
full weight (mild steel or genuine wrought iron). All screwed piping must be 
fitted with occasional flange unions. Straighten all pipe, ream all ends to 
remove the burrs and remove all dirt or other material from pipe, fittings and 
t elves before erection. 
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All fittings employed shall be standard-weight gray iron, recessed type, 
Straight, true, accurately threaded, free from blow-holes and other defects. 
Where pipe size is reduced in a line, reducing couplings or reducing fittings 
are to be employed; bushings will not be permitted in these cases. 

All runs to be straight and parallel with building lines and all risers to be 
plumb and straight. 

Steam and return-mains shall be graded in the direction as indicated by 
the drawings and with the minimum grades, as indicated, which are t in in 
40 ft for steam and dry return-mains and 1 in in 100 ft for wet return-mains. 
If it is found impossible to obtain the grade in mains as called for by the 
plans then a “rise and drip” shall be provided at suitable points connecting 
with a wet return or connected with a dry return through a thermostatic trap. 

Pipe-Supports. The steam and overhead dry return-mains shall be sup¬ 
ported at intervals not exceeding 10 ft 

The hangers employed shall be expansion or adjustable (style and manu¬ 
facturer’s name). 

Blow-Down Connection. Install a blow-down connection run to floor-drain 
in boiler-room, if practical. This connection to be provided with brass 
blow-down valve and brass cock. 

Feed-Water Connection. Connect boiler with outlet in water-main, left 
by plumber for this purpose, with J^-in galvanized pipe provided with one 
brass stop-cock and one brass globe-valve. 

Boiler Connections to Steam and Return-Main. Connect all steam outlets 
on boiler, without reduction, to steam-main as indicated by the plan. Suit¬ 
able provision has been made to provide for expansion. 

(If more than one boiler is to be installed an iron body globe-valve should 
be specified to be installed in each boiler-lead The main return-connection 
to each boiler must also be provided with a valve in order to isolate the boiler 
from the system ) 

The boiler lead shall be provided with a tee the outlet of which is connected 
to the steam-main, the lead to be continued beyond this tee and terminated 
in an ell connected with the wet return to provide for relief. (See Fig. 20.) 

The main return shall be connected to the boiler through a hydraulic loop. 
Top of loop to be 4 in below the mean water-line of boiler. 

Supply and Return-Risers and Branches. The supply and return-risers 
are to be run as indicated by the plans Risers are to be run (exposed or 
concealed) and are to be of pipe sizes indicated by the plans. 

All horizontal branch radiator-connections are to be graded back to risers 
with as much grade as is possible to obtain and not less than 1 in in 5 ft. 

All connections are to be made with ample provision for expansion and 
IN NO CASE IS A BRANCH CONNECTION TO HAVE A POCKET. 

Floor and Ceiling-Plates. Nickeled plates are to be provided wherever an 
exposed pipe passes through a floor, ceiling or partition. These plates are 
to be (style and name of manufacturer). 

Direct Radiation. Direct radiation shall be installed at locations shown 
by the floor-plans. All radiation to be either (names of acceptable manufac¬ 
turers) . 

(Give a list of radiation to be installed, including the floor and room, type, 
number of sections, height and manufacturer’s rated surface for each radiator.) 

Radiator Enclosures. (Give a list with location of each radiator to be 
provided with enclosures. State material, style, manufacturer's name and 
finish desired.) 
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Radiator Inlet Valves. All radiators shall be provided with nickel plates, 
rough body, graduated or modulating type inlet valve with wood handle. 
These valves are to be (manufacturer’s name). The size of valves to corre¬ 
spond to the following schedules: 

% in not exceeding 30 sq ft lM in not exceeding 120 sq ft 

1 in not exceeding 55 sq ft in not exceeding 190 sq ft 

Orifices or Regulating Plates. (For Vapor or Vacuum System.) Ail radi¬ 
ator inlet valves to be provided with orifice plates. The diameter of the 
orifice in each case to be proportioned to the amount of radiation served by 
the radiator valve for the pressure to be carried. 

Air-Valves. (For Low-Pressure Steam Systems, either one-pipe relief or 
two-pipe low-pressure systems) Each radiator shall be provided with a 
nickel-plated air- and vacuum-valve of an approved make, guaranteed to 
eliminate the air from the radiator, not bellow steam or water and to prevent 
the return of air to the radiator (type or style and name of manufacturer). 

(It is very essential that only first-class air-valves be employed to obtain 
satisfactory heating results) 

The ends of the steam-mains are to be provided with the same type of non¬ 
return air-valve as installed on the radiators. 

Radiator-Traps. (For Vapor and Vacuum Systems.) The return end of 
each radiator shall be provided with a (style and manufacturer’s name) 
nickel-plated, rough body, thermostatic-type trap. 

The size of the trap in each case must correspond to the manufacturer’s 
listed rating for the amount of direct radiation to which the trap is connected. 

Drip-Traps. (For Vapor and Vacuum Systems.) Thermostatic-type traps 
are to be provided for dripping risers, etc., where called for by the plans. 
These traps are to be of the same make as provided for the radiators. 

Dirt-Traps. (Vacuum and Vapor Systems.) The bottom of all steam- 
risers that are dripped into a dry return-main through a thermostatic-trap 
must be provided with a dirt-pocket. The drip from steam-mains, connecting 
with a dry return through a thermostatic-trap must also be provided with at 
dirt-pocket. 

Lift-Fittings and Strainer. (Vacuum System.) The suction line to the 
vacuum-pump to be provided with lift-fittings and a strainer (if required), 
as indicated by the drawings. 

Vacuum-Pump and Receiver. (Vacuum System.) This contractor shall 
furnish and install one (rated size or number and manufacturer’s name) 

motor-driven vacuum-pump. The current supplied is (_volts direct or 

... .phase_cycle .... volts alternating current). 

The motor shall be of ample capacity to operate continuously without 
undue heating or overload. Pump to be bronze fitted throughout, including 
the water-impeller and air-rotor. 

The control shall be dual automatic so arranged that the pump will be 
started or stopped by either the water-level in the receiver or by the vacuum 
carried on the system. 

The pump shall be provided with a strainer, vacuum gauge, vacuum regu¬ 
lator and relief-valve. The size installed must conform to the manufacturer’s 
listed rating for the amount of installed radiation. The Contractor shall 
provide the Owner with a copy of the manufacturer's guarantee for this pump. 
The piping connections to pump must be installed strictly in accordance 
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with the manufacturer’s recommendations. This Contractor shall install the 
necessary wiring run in metal conduit between the motor and starting-switch. 

(In case some radiation is located below the strainer connection of pump, 
it becomes necessary to install an auxiliary tank, provided with float switch 
on the return line near pump.) 

Insulation and Pipe-Covering. Before any insulation or pipe-covering is 
installed, the system shall be tested as specified under Tests. 

All steam and dry return-mains and steam-risers shall be covered with 
(specify thickness and type of covering desired, usually 1-in thickness or 
4-ply asbestos air-cell sectional covering with canvas jacket secured to the 
pipe with lacquered metal bands). 

Cover all fittings and valves, except radiator valves and return traps, with 
asbestos cement, approximately 1 in in thickness, troweled smooth and finished 
with a canvas jacket smoothly pasted on the asbestos. The canvas to have 
the same weight as that used on the pipe-covering. 

The boiler shall be covered first with 1 in thickness of magnesia blocks or 
(.. . . ) insulating blocks securely wdred in place with 2-in hexagonal 

wire mesh stretched tight and finished smooth and neat with in thickness 
hard-finish plastic asbestos cement, the total thickness of insulation to be 
approximately in. Cover insulation with a canvas jacket smoothly pasted 
on same. 

(If the boiler is provided with an insulated metal jacket by the manufac¬ 
turer obviously no further insulation will be required ) 

Pipe-Sleeves. This Contractor shall furnish and set a pipe-sleeve in the 
floor oi partition construction for every pipe passing through sirae. 

Painting. The exposed surface of all radiators shall receive two coats of 
special radiator enamel paint applied by this Contractor (or painting con¬ 
tractor). The paint and color for same to be selected by the Architect. All 
paint shall be delivered to the job in the original package and to be applied 
strictly in accordance with the paint manufacturer’s specification. Before the 
paint- is applied, the exposed surface of all radiators shall be thoroughly 
cleaned of dirt and rust scale by means of a wire brush. 

The finished paint must be smooth, neat and clean before it will be accepted 
by the Architect. 

(If the pipe covering is to be painted include specification for same under 
this heading) 

Automatic Temperature Control. (If automatic temperature control is 
contemplated, a complete description of the system and apparatus desired 
should be included under this heading.) 

Cleaning Boilers. The safety-valve is to be removed and a temporary line 
connected to this opening, or highest opening on the boiler, and discharging 
into sewer. Place a sufficient quantity of soda ash inside the boiler to cause 
saponification of the oil and grease when mixed with boiling-hot water. A 
moderate fire to be kept in the boiler sufficient to cause foaming and removal 
of the grease and oil through the temporary waste-connection as fresh water 
is gradually fed to the boiler through the boiler feed-line. 

After the above-mentioned treatment, the boiler shall be thoroughly 
washed out with fresh water to remove the dirt, scale, and chemicals, the 
wash water to leave boiler through the blow-off line or from the lowest open¬ 
ing in the boiler. If foaming should occur later with boiler in operation the 
above treatment must be repeated by this Contractor until the cause has 
been removed. 
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Blowing-Out System. All piping and radiation shall be thoroughly blown 
out with live steam after having first removed the thermostatic element from 
the return radiator and drip-traps and the system operated several days with 
the condensation being wasted to the sewer. This work shall be done before 
any tests are applied to the system. 

Temporary Setting of Direct Radiators. Each bidder shall state in his 
proposal his charge for connecting each radiator required for temporary heat, 
including the disconnecting of the radiator, and cleaning of it. Temporary 
radiators shall be supported from the floor on wood blocks and placed at a 
sufficient distance from the wall so that the wall finish, millwork, etc., may 
be applied without interference by the radiator. 

The Architect’s representative in charge of the work will designate what 
radiators are to be temporarily connected by this Contractor. 

Fuel and Attendance for Temporary Heat. The cost of fuel and attendance 
required for temporary heat shall be paid for by the (Owner or Contractor). 
If Owner is to pay for this service the cost is to be determined on a basis of 
the Cost to the Contractor for fuel, water, supplies, and electric power, plus the 
labor cost including labor insurance plus.per cent for overhead super¬ 

vision and profit. 

The Contractor shall submit original invoices showing cost of the fuel 
delivered on site, supplies, water cost, electric power cost, cost of removal 
of ashes and original payroll sheets, which must be approved by the Architect’s 
representative in charge of the work. No costs are to be included by the 
Contractor except those enumerated. 

(If Contractor is to include the cost of temporary heat in the contract price, 
then the specifications should clearly state what is to be required, and the 
length of time temporary heat is to be supplied. In either case the Con¬ 
tractor is to assume full responsibility for the operation and condition of the 
heating system, at all times, until final acceptance of the completed contract.) 

Request for Samples.—The following samples of materials are hereby 
requested to be submitted by successful bidder before the contract will be 
awarded (list to follow) i 

Tests. (Economy tests for heating boilers and other heating equipment are 
not usual. If any tests of this character are required the conditions under 
which the tests are to be conducted must be clearly outlined, covering all 
points involved. (See A.S.H.V.E. Heating Boiler Test Code.) The follow¬ 
ing tests are, however, usual) 

All concealed low-pressure piping shall be tested and remain tight under 
a hydraulic pressure of 50 lb per sq in before being covered in. The 

entire system shall be tested under.(usually 10) lb steam-pressure. 

All such tests to be made in the presence of the Owner’s representative. 

Mftteri&l and Workmanship Guarantee. The work herein specified shall 
be done by competent workmen in a satisfactory manner acceptable to the 
Architect’s representative in charge of the work. 

The Contractor shall, upon notice given by the Architect’s representative, 
replace any man or men in the employ of the Contractor on this work, who, 
in his opinion, are detrimental to the best interests of either the Owner or 
Contractor in completing the Work herein specified in a manner which strictly 
complies with the specifications and time limit set for completion. 

The entire system when completed shall be tested in the presence of the 
Architect’s representative as outlined under Tests. 

The Contractor shall make good at his own expense any defects in mate- 
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rials, furnished under this specification, or workmanship which may develop 
for a period of one year from the date of completion of the entire contract. 

Any leaky joints found shall be made good without calking Split or 
defective pipe shall be removed and replaced by good pipe. Defective cast¬ 
ings shall be removed and replaced by good castings. Any part of any piece 
of apparatus which is found to be defective shall be replaced in the system by 
the Contractor free of expense to the Owner. 

The Contractor, if requested, is to furnish the Owner with a duplicate of 
the manufacturer’s guarantee of any piece of apparatus which the Con¬ 
tractor may install under this contract. 
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CHAPTER XXXI 

CHIMNEYS * 

By 

LOUIS A. HARDING 

FORMER PRESIDENT OF THE AMERICAN SOCIETY OF HEATING AND VENTILATING 

> NgINKKRS 

Draft To burn a fuel at a given rate (pounds per square foot of grate- 
surface per hour) requires a definite weight of air to be supplied for combustion 
The air passes under the grate and through the fuel-bed and meets with con¬ 
siderable resistance in its flow, not only through the fuel-bed, but through or 
around the boiler-tubes and smoke-flue or breeching. The motive force 
causing the air-flow in a natural-draft plant is supplied by the chimney. The 
difference between the atmospheric pressure and the pressure existing at any 
point in the furnace or in the flue is termed the draft at that particular point. 
This pressure is ordinarily measured by means of a U tube filled with water, 
the draft being recorded in inches of water, and is the difference in the heights 
of the water-columns in the two legs of the U tube. 

, Height. The intensity of draft that a chimney is capable of producing at 
the base is a function of its height, the temperature of the flue-gases, and the 
temperature of the outside air, which is generally assumed to be 60°. The tem¬ 
perature of the flue-gas is ordinarily assumed to be 550°. The intensity of 
draft produced, per foot height, measured in inches of water is 

II - 0.0071 L 

L — height of chimney above grate, in feet. The flue-gas temperature is 
taken at 550° and the outside temperature at 60°. Ordinarily 0 8 II is taken 
as representing the available draft, in order to allow for the cooling of the 
chimney gases. Then 0.8 II must be equal to or greater than the sum of the 
expected draft-losses as given in the following paragraphs. 

Draft-Losses. The draft-losses through the fuel-bed depend upon the 
rate of combustion required and the kind of fuel. This loss may be approxi¬ 
mated by using the data in Table I. 

. The loss of draft between the grate or furnace and a point just beyond the 
damper-box of a boiler is about as shown in Table II when the boilers are oper¬ 
ated at normal rating; bituminous coal burned at the rate of from 25 to 30 
lb per sq ft of grate-surface per hour. 

The loss of draft through the boiler will depend largely upon the method of 
baffling employed, and increases with the per-cent rating at which the boiler is 
operated. The precipitating-figures should be increased by approximately 
55% when the boiler is operated ai 150% of its rated capacity, and by 75% 
when it is run at 200% rating. 

Velocity of Gases through Flue and Chimney. In preliminary estimates 
5 lb coal per boiler horse-power developed, and 24 lb air per lb of coal is usually 


* See, also, Flue Sizes under Heating and Ventilation of Buildings. 
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assumed. The customary allowable velocities of gases in chimneys, when 
the design is based on 120 lb of the flue-gas per hour per rated boiler horse¬ 
power, varies from 17 ft per sec for a diameter of stack equal to 24 in, to 31 ft 
per sec for a 72-in or larger diameter. These figures correspond to a weight 
of 0.68 and 1.10 lb per sq ft of area. The formula that is supposed to give the 
most economical diameter for an unlined steel chimne y or stack, and used by 
many engineers in this country, is d ■» 4.68^(h p ) 1 2 3 4 5 , in which d is the inside 
diameter in inches and h.p. is the rated capacity of the boilers served. 

The following figures are frequently used by engineers for approximating the 
loss of draft in flues or breechings: 


Table I. Loss of Draft between Furnace and Ash-Pit to Bum Coal 



Combustion-rate, R t in pounds of dry coal 
per square foot of grate per hour 

Kind of coal 

15 

20 

25 



40 

45 


Force of draft in inches of water | 

111., Ind., Kan , bituminous 

.14 

20 



.40 

48 

.57 

Ala., Ky., Pa , Tenn , bituminous 
Md., Pa , Va. f W. Va , semibitu- 

.16 

.23 

31 


49 

60 

.72 

minous . ... 

.18 

.26 

35 

.45 

El 

HI 

87 

Anthracite pea.... 

.30 

45 

64 

88 

BeH 


. , 

Anthracite buckwheat No. 1 . . . 

.43 

.68 

1 00 

1.50 

HI 

1 



Table II. Loss of Draft between Grate or Furnace and a Point 
Just Beyond Damper-Box 


Horizontal return tubular.. 

25 to 30 in of water 

Babcock & Wilcox . 

. 20 to . 35 m of water 

Stirling . .. 

51 in of water 

Vertical tubular 

. 43 in of water 


(1) Horizontal flues, square or rectangular, from 0.13 to 0.15 in of water per 
100 ft. Increase these values 50% for brick-lined flues. Loss of draft for 
easy right-angle bends, 0.05 in of water. 

(2) When economizers are to be installed the temperature of the flue-gas is 
reduced to from 250° to 325°, and the total head, H , should be calculated on a 
basis of these temperatures. 

(3) The loss of draft through the economizers should not be figured less 
than 0.3 in of water. 

(4) The turns which the flue makes in leaving the damper-box of the boiler, 
where it enters the main flue and at the stack, should be considered and allowed 
for. 

(5) It is customary to make the flue or breeching approximately from 10 to 
15% greater in area than the stack to which it connects. The cross-section is 
reduced in proportion to the volume of gas to be handled as the flue passes the 
boilers in succession. The width of the flue or breeching, where it enters the 
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chimney, should never exceed one third the outside diameter of the chimney 
at its base. 

Example. The method of procedure in determining the dimensions of a 
chimney and breeching is explained in the following example. 

Three 150-1 h.p. return tubular boilers with a total of 1 500 sq ft of heating- 
surface are to be served. The total area of the grate-surface is 90 sq ft. The 
measured length of the breeching is 40 ft. The gas makes two right-angle 
turns, one at the entrance to the breeching, and one on entering the chimney. 
The fuel assumed is Pennsylvania bituminous coal. If 5 lb of coal per boiler 
horse-power per hour is assumed as the fuel-consumption, the rate of combus¬ 
tion is (3 X 150 X 5)/90 — 25 lb per sq ft of grate-surface per hour. 

The weight of due-gas per second is 

(3 X 120 X 150)/(60 X 60) - 15 lb 

Assuming a temperature of 550°, the volume of the flue-gas per second is 
15/0.0393 — 382 cu ft. Assuming an allowable velocity through the chimney- 
area of 25 ft per sec, the required area is, 

382/25 - 15.3 sq ft 

Corresponding to 54-in diam, approximately. The area of the flue is to be 
15% greater, or 

15.3 X 1.15 =» 17.6 sq ft 

at the last boiler next to the chimney. The chimney must produce sufficient 
draft to overcome the following resistance. The loss of draft through fuel-bed 
based on a rate of combustion of 25 lb per sq ft per hr (Table I) is 0.31 in. 
The loss of draft through return tubular boilers (Table II) is 0.27 in. The 
loss of draft through the breeching is 

0.15 X 40/100 - 0.06 in 
The loss of draft occasioned by two turns is 

2 X 0.05 - 0.10 in 

The total loss is 

0.31 + 0.27 + 0.06 + 0.10 - 0.74 in 

Then 

II - 0.74/0.8 - 0.92 in 

or approximately 1 in. 

Substituting this value of II in the equation 

II - 0.0071 L 

the height, X, of the stack is 

1/0.0071 - 140 ft 

measured above the grate. 

Kent’s Chimney-Formulas. The following chimney-formulas by William 
Kent are largely used by engineers in this country: The formula is based on 
the assumption that the friction-head in the chimney is considered equivalent 
to a diminution of the area by an amount equal to a lining of inert gas, 2 in in 
thickness. 

If A «- the actual area in square feet; 

E — the effective area in square feet; 

D — the diameter in feet; 

Then E - A - 0.60 Va. 

The draft-power of a chimney varies directly as the effective area, E, and as 
the square root of the height, L . The formula for the horse-power of a chira* 




• Based on a co nsum ption of 5 lb of fuel per boiler horse-power. For any other rate, multiply the tabular figure by the ratio of 5 to the 
expected coal-consumption per horse-power per hour. 
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ney will take the form, h.p. ■■ CE \/L t in which C is a constant. The value of 
C as obtained by Kent from an examination of a large number of chimneys is 
3.33 when 5 lb of coal is burned per boiler horse-power per hour. 

The formula for the horse-power rating of a chimney is, therefore, 

h.p. - 3.33 E VI - 3.33 (4 - 0.6 VI) VI 

or 

E - 0.3 h.p ./'VL 

The Babcock & Wilcox Company recommend that when the fuel used is 
low-grade bituminous coal of the Middle or Western States, the sizes given 
in Table III be increased from 25 to 60%, depending upon the nature of the 
coal and the capacity desired. If the gas makes more than two turns it is 
advisable to increase the diameter given in the table by one size. The height 
must be increased at least 30% if economizers are used. Table III may be 
applied to heating-boilers, the equivalent rating in square feet of direct radia¬ 
tion being approximately equal to the horse-power rating X 100. 

Chimneys for Tall Office and Loft-Buildings. The chimney or stack for a 
tall building is a special case in which the height is frequently fixed by the 
height of the structure itself or the height of the adjoining buildings. In this 
case a diameter is assumed and the method outlined in the preceding example 
applied. 

General Formulas for the Design of Brick Chimneys. See Fig. 1 

horizontal wind-pressure in pounds per square foot, ordinarily 
assumed as 25 lb per sq ft for round chimneys 
any section distant z from top of chimney 

projected area above xx 

horizontal wind-load in pounds 

distance from xx to center of gravity of portion above xx 
wind-moment in foot-pounds 

Properties of Section 
outside diameter 
inside diameter 
di/2 

moment of inertia of section 
area of section in square feet 
0.7854 (df - d£) 

section-modulus 

0.0982 (d t 4 - d 2 A ) 
d\ 

weight of chimney above xx , in tons 
compressive stress at edge on leeward side due to W, in tons 
per square foot 


Let P - 


xx «= 



R - 


y - 

M - 


d\ - 
dt - 

c — 
7 - 
A - 

7 

c 

7 

c 

W - 

Si - 
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St - compressive stress at edge on leeward side due to M , in tons 
per square foot 


w r Me 1 

Windward side, Sw — — I ~~ (tension) I 

„ , ., o W [Me , 

Leeward side, Si — — + I — (compressi 


(compression) 


S w and St should not exceed the following values, in tons per square foot, for 
Radial Brick Chimneys: 


Maximum tension Maximum compression 


Below ISO ft.2 to l}/£ 200 ft and below.19 

From 150 to 200 ft. 1 to 1^ Above 200 ft . 21 

Above 200 ft. 0 


Foundations. Calculate wind-moment, M\ for chimney above ground¬ 
line. 

Ui - Phyi i^r 1 ) 

l - length of side of square base in feet 

A i — /* — area of base in square feet 
/ P 

- ■ - a section modulus of base 
c 6 

IFi - combined weight of chimney and foundation 

Example. It is required to determine the maximum compression, in tons 
per sq ft at the base of the column, for the chimney shown in Fig. 2, and also 
the maximum soil-pressure in tons per sq ft. The assumed wind-pressure is 
25 lb per sq ft. (See General formulas for the Design of Brick Chimneys, 
and Fig. 1.) 

The area of section at base, A - 0.7854 (162 - 12.3 2 ) - 80.9 sq ft. 

The section-modulus at base, Ijc — [0.0982(16 4 — 12.3 4 )]/16 ~ 257. 

The total weight of brick column (Table V) is IF - 495 tons (interpolated). 

The projected area of column is X (8.75 + lb) X 180 - 2 228 sq ft. 

The horizontal wind-load, R » 2 228 X 25 - 55 700 lb » 27.8 tons. 

The moment-arm of R is y ■ ^ X 180[(2 X 8.75) + 16]/(8.75 + 16) - 81 
ft. 

The wind-moment, M - 81 X27.8 - 2 252 ft tons. 

Si - 495/80.9 - 6.2 tons per sq ft. 

5* - dfc 2 252/257 « 8.7 tons per sq ft. 

The maximum compression on the leeward side, Si + Sj - 6.2 + 8.7 — 
14.9 tons per sq ft. The maximum tension on the windward side, Si — St 
- - 2.2 tons per sq ft. The following computations are for a square base: 

Foundation. The length of base, l - 25.5 tt , A i - - 650 sq ft, //c - 

25.5 3 /6 - 814. The weight of foundation, based on 1.9 tons per cu yd, is 266 
tons. The weight of the 4j^-in lining is 36 X 11 X 0.063 - 25 tons. The 
total weight of column, lining and foundation, is IFi - 495 + 25 + 266 - 786 
tons. 

The moment-arm for R may be assumed the same as before, or 81 ft. Then 
M - 2 252 ft-tons. The section-modulus of the base, Ifc - P/6 - 814. 

Si - 786/650 - 1.2 tons per sq ft. S% - 2 252/814 - 2.8 tons per sq ft. 

The maximum soil-pressure, S\ *f St - 1.2 + 2.8 - 4 tons per sq ft. 




1706 


Chimneys 


[Chap. 31 



S% -»—— compression per sq ft due to Mi 
Fig. 1. Details of Construction of Tall Brick Chimney 
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Cement Cap, 1-3 ml*. 


X * 3 W.I. Retaining’ 
ring set in lull Bed 
of Cement Mortar 



HEAD OF CHIMNEY (ENLARGED) 


Outride Eiller«wair to 
protect Beams fro 
Atmosphere 


l'Riae to Arch torytj 
each 2 ft. of Flue- 'J. 

opening Width ‘<s* 



Atoning 

± Five d 'l Beams 
' VsA over Flue-opening 


-with H M Bearing-plates 


^Solid Concrete 



VERTICAL 8ECTION THROUGH 
FLUE-OPENING (ENLARGED) 



Minimum Air-space 
of 2* between Lining 
and Main V 


l Beams over Flae- 
oponing sufficient 
l^to carry Weight 


Add 2* to thickness 
ef Pilaster for eaoh 
Foot of Flue-opening 
Width, starting 
Pilaster to 3-ft. 



CR0SS-8ECTI0N A-A (ENLARGED) 


Fig. 2. Details of Tall Radial-brick Chimney 
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Table V. Dead-Load of Radial-Brick Chimneys in Tons of 
2 000 Pounds * 


Height 

Inside diameter at top, in feet 

3 

4 

5 

6 

7 

8 

9 

10 

in feet 

00 

90 

98 

110 

122 





100 

110 

120 

131 

143 

161 

180 



110 

138 

143 

155 

167 

188 

206 



120 

160 

Vfiifl 

185 

198 

218 

237 



130 


202 

218 

231 

252 

273 

295 

318 

140 


237 

256 

270 

290 

310 

337 

357 

150 


277 

296 

311 

330 

353 

375 

400 

160 


317 

340 

357 

375 

402 

423 

447 

170 


362 

388 

. 

425 

454 

475 

500 

180 





480 

510 

537 

555 

190 





535 


592 

617 

200 





600 



685 

210 







727 

760 

220 







804 

843 


• These values are interpolated from curves by the M. W. Kellogg Company, and are 
for round radial-brick chimneys exclusive of the weight of the foundation. 


Table VI. Width of Foundations at Base for Radial-Brick 
Chimneys * 


Height 
in feet 


3 

4 

5 

6 

7 

8 

9 

10 


ft 

in 

ft 

m 

ft 

in 

ft 

in 

ft 

in 

ft 

in 

ft 

in 

ft 

in 

90 

11 

6 

12 

0 

13 

0 

13 

9 









100 

12 

6 

13 

0 

14 

0 

14 

8 

15 

6 

16 






110 

13 

6 

14 

3 

15 

0 

15 

6 

16 

6 

17 






120 

14 

6 

15 

3 

16 

0 

16 

6 

17 

6 

18 






130 

15 

6 

16 

6 

17 

3 

17 

8 

18 

8 

19 

3 

20 

0 

21 

3 

140 



17 

9 

18 

6 

18 

10 

19 

9 

20 

3 

21 

0 

22 

3 

150 



19 

0 

19 

9 

20 

0 

21 

0 

21 

6 

22 

3 

23 

6 

160 



EH 

6 

21 

0 

21 

6 

22 

6 

23 

0 

23 

to 

24 

9 

170 



22 

0 

22 

6 

23 

0 

23 

9 

24 

3 

25 

0 

26 

3 

180 









25 

6 

26 

0 

26 

6 

27 

6 

190 









27 

0 

27 

6 

28 

3 

29 

3 

200 









28 

6 

29 

0 

29 

9 

El 

9 

210 













31 

6 

32 

6 

220 













33 

0 

34 

3 

250 















37 

Kfl 


* These values are interpolated from curves by the M. YV. Kellogg Company. The 
maximum unit soil-pressure at the outer edge of the foundation, due to dead and wind- 
loads, does not exceed 2 tons per square foot. 


Reinforced-Concrete Chimneys. Area of Steel Reinforcement Required. 

The following formulas are used by one concern in the design of reinforced- 
concrete chimneys: 

M ■» wind-moment at section considered, in inch-pounds; 

W ■■ weight of shell above section considered, in pounds; 

D m outside diameter of shell, in feet: 
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d — inside diameter of shell, in feet; 

R = radius of steel circle, in inches; 

r — radius of neutral core - ^[£>1 + (djD) *1 feet; 

WR — moment of stability from weight of shell, in inch-pounds; 

5 — 16 000, the allowable fiber-stress in the steel in pounds per square 
inch; 

A — total cross-sectional area of steel rods required at section considered, 
in square inches; 

A — 2(If — Wr)/SR — number of bars X cross-sectional area of one bar. 

The bars used are ordinarily J^-in square, twisted bars, each with a cross- 
sectional area of 0 5625 sq in. The thickness of the shelf, if made without a 
taper, is ordinarily 6 in, and if constructed with a taper the shell is made 5 in 
in thickness at the top and increased in in thickness for each 5 ft in height. 
The maximum compression due to the wind-moment and dead load in the 
concrete, at the base, is ordinarily limited to 350 lb per sq in. The same for¬ 
mulas apply in this case as in the design of brick chimneys (Fig. 1). 

Example. A reinforced-concrete chimney has the following dimensions: 
150 ft high; no taper; 9 ft inside diameter; thickness of shell 6 in; outside 
diameter 10 ft; weight of shell 335 250 lb. It is required to determine the 
total cross-sectional area of reinforcement. 

M — 25 X 10 X 150 X 150/2 - 2 812 500 ft-lb - 33 750 000 in-lb; 

r - 10/8 X [1 + (9/10) 2 ] « 2.3 ft - 27.6 in; 

R — 58 in; 

A - 2133 750 000 - (335 250 X 27.6)]/16 000 X 58) - 53 sq in; 

If %-in square bars are used, it requires 53/0.5625 - 94 bars. 


Table VII. Reinforced-Concrete Chimneys. Dimensions. 
(Fig. 3) 


Height 

above 

grade, 

ft 

Inside 

diam¬ 

eter, 

ft 

Depth 

below 

grade, 

ft 

Height 

double 

shell, 

ft 

Height 

single 

shell, 

ft 

Total 

height 

A -j-E + C, 
ft 

Maxi¬ 
mum 
outside 
diam¬ 
eter, 
ft in 

Width 

of 

square 

founda¬ 

tion, 

ft 

H 

G 

A 

B 

C 

D 

E 

F 


4 

5 

33 

67 

105 

6 

4 

12 


5 

5 

33 

67 


7 

4 

12 

125 

5 

5 

42 

83 

130 

7 

4 

15 

125 

6 

5 

42 

83 

130 

8 

4 

16 

150 

6 

6 

48 

102 

156 

8 

4 

18 

150 

7 

6 

48 

102 

156 

9 

4 

18 

150 

8 

6 

48 

102 

156 

10 

4 

19 

175 

8 

7 

57 

118 

182 

10 

6 

22 

175 

9 

7 

57 

118 

182 

11 

6 

.22 

175 

10 

7 

57 

118 

182 

12 

6 

23 

200 


7 

66 

134 

207 

12 

6 

25 

200 

11 

7 

66 

134 

207 

13 

6 

25 


12 

7 

66 

134 

207 

14 

6 

26 

225 

12 

8 

69 

156 

233 

14 

8 

29 

225 

13 

8 

69 

156 

233 

15 

8 

29 

225 

14 

8 

69 

156 

233 

16 

8 

30 

250 

14 

8 

81 

169 

258 

16 

8 

32 

250 

15 

8 

81 

169 

258 

17 

8 

33 

flEEujH 

16 

8 

81 

169 

258 

18 

8 

34 
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General Formulas for the Design of Brick Chimneys 



Fig. 3. Details of Tall Reinforced-concrete Chimney 


The Weber Chimney Company, Chicago, III., designed and constructed, 
among other tall chimneys, the great reinforced-concrete chimney at Saga- 
noseki, Japan, for the Oriental Compressol Company, for the copper smelter. 
It was completed in January, 1917, and ranks with the highest in the world 
being 570 ft above the foundations and 26)^ ft in internal diameter at the top. 
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Self-Sustaining Steel Chimneys 41 are largely used, especially for tall chim¬ 
neys of iron-works and power-houses from 150 to 300 ft in height. 

“The advantages claimed are: Greater strength and safety; smaller space 
required; smaller cost by 30 to 50% as compared with brick chimneys; avoid¬ 
ance of infiltration of air and consequent checking of the draught, common 
in brick chimneys. They are usually made cylindrical in shape, with a wide 
curved flare for 10 to 25 ft at the bottom. A heavy cast-iron base-plate is 
provided, to which the chimney is riveted, and the plate is secured to a mas¬ 
sive foundation by holding-down bolts. No guys are used.”f 

A large self-sustaining steel chimney is that built by the Chicago 
Bridge and Iron Works at the plant of the United Verde Copper Company, 
Clarkdale, Arizona. It is 30 ft in in diameter and 400 ft in height. The 
thickness of plates varies from in at the top to 1 V[ 6 in for the bell-shaped 
portion at the bottom. The weight of steel is 800 000 lb. The stack is 
anchored to the foundation by thirty-six bolts, each 4 in in diameter, upset, 
and spaced equidistant in a bolt-circle of 25 ft 4j/2 in radius. 


Table VIII. Sizes of Foundations for Self-Sustaining Steel 
Chimneys, Half-Lined J 


Diameter, clear, in feet 

3 

4 

5 

6 

7 

9 

11 


ft in 

ft m 

ft in 

ft in 

ft in 

ft in 

ft in 

Height 

100 

100 

150 

150 

150 

175 

225 

Least diam of foundation 

15 9 

15 3 

20 4 

21 10 

22 7 

25 9 

29 11 

Least depth of foundation 

6 6 

7 

9 

8 

9 

10 

13 

Height . 


125 

200 

200 

250 

275 

300 

Least diam of foundation 


17 6 

23 8 

25 0 

29 8 

33 6 

36 0 

Least depth of foundation 


7 6 

10 

10 

12 

12 

14 


The governing feature in the design of a self-sustaining steel chimney or 
stack is the force of the wind. The cylinder above any horizontal plane sec¬ 
tion may be assumed to act as a cantilever beam in which the bending moment, 
in foot-pounds, is 

m - ijd x p x Vi n - y 2 nwp 

in which H is the height in feet above the section considered, D the diameter in 
feet and P the assumed pressure of the wind in pounds per square ft on a ver¬ 
tical cross-section. The fiber-stress S, in pounds per square inch, according to 
the formula for flexure, is S - Me) Z. For hollow cylinders of large diameter 
and small thickness, the moment of inertia I - xR 3 /, in which R - mean 
radius in feet (equivalent to c in the flexure formula) and t ® thickness of 
shell in inches. Hence 

S - MR/UvRH - 0.106 MIDH , and / - 0.106 MISD*. 

The stress S is tensile on the windward side and compressive on the leeward 
side. There is also a small compressive stress due to the weight of the stack. 
The value of P may be taken at 25 lb per sq ft and of S at 16 000 or 18 000 lb per 

• Compiled from data furnished by Robins Fleming. 

f Mechanical Engineers’ Pocket Book. Kent. 

X These dimensions were taken from a pamphlet published by the Philadelphia Engi¬ 
neering Works. 
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sq in. As stacks are built for durability as well as strength it is often advisable 
to increase the theoretical thickness of the shell. No plate should be used 
with a thickness less than in* It is important that the stack be securely 
anchored to the foundation. Many methods have been proposed for deter¬ 
mining stresses in anchor-bolts. As the problem depends for its solution on 
the physical conditions of stack, base and bolts, no exact analysis is possible. 
The most severe assumption is that the bolts are screwed up with a high initial 
tension. The anchor-bolt ring can then be considered in the same way as a 
ring of the cylinder. The maximum stress at any point of the bolt-circle is 
developed when the wind is blowing parallel to the radius through that point. 
The stress for each circumferential inch is 0.106 M/(2 R\)*, 2 Ri being the 
diameter of the bolt-circle. Let b be the circumferential distance in inches 
between adjacent anchor-bolts, N the number of bolts equidistant on the 
bolt-circle and IV the weight of the stack. For the anchor-bolt on the wind¬ 
ward side there is a tensile stress, due to the wind, 

S w - 0.106 bMK2Ri)i 

Since b - (2Ri X 12 X it)/*V 

S w = 2 MJRxN 

Deducting the weight of the portion of the stack between adjacent bolts, the 
maximum tensile stress in any anchor-bolt may be expressed by the equation 

Stc - (2 MfRxN) - W/N 

Radial-Brick Chimneys. These chimneys are built with special blocks 
formed to suit the circular and radial lines of each section of the chimney so 
that the finished brickwork has joints of an even thickness throughout and a 
perfectly smooth surface. The blocks being much larger than common bricks, 
there are only from one third to one half as many joints. Radial-brick chim¬ 
neys are always circular in plan above the base. The best form of base is octag¬ 
onal in cross-section so as to permit the breeching to enter the chimney at a 
flat surface and at the same time comply best with the rules of stability. 
Except for chemical-works, refineries, furnaces, etc., radial-brick chimneys are 
built with a single shell, a lining only being provided in the immediate vicinity 
of the flue-entrance. All radial bricks are perforated vertically and this insures 
thorough burning and allows the mortar to enter the perforations, thus forming 
a vertical anchorage. 

Radial blocks for chimney-construction have been used extensively in 
England, Germany, France and Russia since 1870. They were not introduced 
into this country, however, until 1898. In 1869 or 1870 Alphons Custodis, of 
Dusseldorf, Germany, originated a method of building tall chimneys of per¬ 
forated radial blocks, made from selected clays and burned at a very high 
temperature, and in 1898 an American company * was formed for the purpose 
of erecting chimneys by this method of construction. Since that time the 
company through various agencies has built more than six thousand chim¬ 
neys in all parts of the world. A very tall chimney, 585 feet high and 60 ft 
in internal diameter at the top, was built by this company in 1918 for the 
Anaconda Copper Company, at Anaconda, Mont. 

Mr. H. R. Heinicke.t of Chemnitz, Germany, builder of the 460-ft stack at 
Halsbriicke, Germany, has employed radial bricks made especially for each 

* Alphons Custodis Chimney Construction Company, New York City, 
f H. R. Heinicke, Incorporated, New York City. 
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chimney. This firm through long and costly research has done much to make 
chimney-building a science. The chimney at Halsbriicke is a very remarkable 
one on account of its proportions. In a height of 460 ft, the diameter at the 
top is only 8 ft, whereas the 585—ft stack at Anaconda, Mont., has a diameter 
of 60 ft at the top. 

The Heine Chimney Company * has erected many important high chim¬ 
neys. The essential difference in the methods of construction used by this 
company from those of the other chimney-constructors is that the Heine 
Chimney Company uses perforated, interlocking, radial bricks. It is 
claimed that this interlocking-feature has an advantage over the straight¬ 
sided bricks in acting as a preventive of deep weathering of the joints and of 
air-leaks. In addition to this it is claimed that the circumferential strength 
of the walls when built of this type of brick is considerably greater than when 
built with plain-sided or corrugated bricks. The perforations in these bricks 
are fewer but larger than those of some of the other constructors. The brick¬ 
work is laid on full-mortar beds with shoved joints. These large perfora¬ 
tions allow the mortar to rise in them, thus forming pins which give the walls 
great strength and enable them to withstand the stresses due to expansion 
caused by the high temperature of the flue-gases. In walls more than one 
brick thick, the bricks are laid up in English bond, that is, with alternate 
header and stretcher-courses. This company advocates this method of con¬ 
struction even in chimneys built with the ordinary straight-sided common 
building-bricks. Among the many important chimneys constructed by the 
Heine Chimney Company is the one erected at the St. Joseph Lead Company’s 
plant, at Herculaneum, Mo. The height of this chimney is 350 ft and the 
inside diameter at the top 20 ft. 

The M. W. Kellogg Company f has designed and built many radial-brick 
chimneys for power-plants, chemical-works and other purposes. Several of 
the important chimneys put up by them are mentioned in the list of tall chim¬ 
neys at the end of this chapter. Some of the details of construction differ 
from those of the other companies mentioned. One of the points of differ¬ 
ence is the detail relating to the corrugations on their bricks. These corruga¬ 
tions are % in wide and }/% in deep and are placed along the vertical sides of 
the bricks as they lie in the wall. The adhesion between the bricks and mor¬ 
tar is increased by this increased area. It is claimed that tests made show 
that this is the case. On account of these corrugations it is not considered 
necessary to embed any ironwork in these chimneys to prevent the develop¬ 
ment of cracks due to heat-expansion. Ironwork has sometimes been inserted 
when plain-sided bricks have been used. It is claimed that this design is 
somewhat heavier than that employed by some other constructors, this com¬ 
pany holding that it is not safe to figure on wind-pressure of less than 25 lb 
per sq ft of projected area. Among the many tall chimneys erected by this 
company may be mentioned especially the chimney at Douglas, Ariz., erected 
for the Copper Queen Consolidated Mining Company. 

There are other reliable companies which design and construct tall chim¬ 
neys. Those mentioned here were the pioneers in this work. 

* The Heine Chimney Company, Chicago, Ill. 

t The M. W. Kellogg Company, New York City 
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Partial List of Tall Chimneys Over 300 Feet in Height 

It is to be noted that this list is constantly added to from year te year. 

Diam. 
Height, inside 
ft at top, 
ft 

* Anaconda, Mont., Anaconda Copper Co. (1918) . 585 60 

* Tacoma, Wash., American Smelting & Refining Co. (1917).. 573 25 

t Saganoseki, Japan, Oriental Compressol Co. (1917). 570 26% 

* Great Falls Mont., Boston & Montana Consolidated Copper 

and Silver Mining Co. (1907). 506 50 

t Freiberg, Saxony, Germany, Halsbrucke Foundry. 460 

Glasgow, Port Dundas, Scotland, F. Townsend. 454 

Glasgow, St. Rollox, Scotland, Tenant & Co. 436% .. 

* Jerome, Ariz., United Verde Extension Mining Co. (1918)... 425 30 

Creusot, France, Messrs. Musprath Chemical Works . ... 406 

§ Clarkdale, Ariz., United Verde Copper Co. 400 30% 

* El Paso, Tex., Consolidated Kansas City Smelting & Refin¬ 

ing Co. (1916). 400 30 

* Hayden, Ariz., American Smelting & Refining Co. (1911) ... 400 25 

* East Helena, Mont., American Smelting & Refining Co. 

(1917). 400 16 

Halifax, Dean Clough Mill, Scotland, Messrs. Crossley’s.. . 381 

* Easton, Pa., C. K. Williams & Co. (1911) . 375 7 

Bolton, Lancashire, England, Dobson & Barlow ... 367 

* Rochester, N. Y., Eastman Kodak Co. (two) (1906, 1911) . 366, 9 and 13 

* Constable Hook, N. J., Orford Copper Co. (two) (1900, 1910) 365 10 

* Garfield, Utah, Garfield Smelting Co. (1913). 350 22 

|| Herculaneum, Mo., St. Joseph Lead Co 350 20 

Boston, Mass., Fall River Iron Co. 350 It 

* Newark, N. J., Heller Merz Co. (1904). 350 8 

East Newark, N. J., Clark Thread Co. . 335 

Barmen, Prussia, Germany, Wessenfield & Co. 331 

Edinburgh, Scotland, Gas-Works. 329 

t Copper Hill, Tenn., Tennessee Copper Co. . . 325 20 

t Indianapolis, Ind., Indianapolis Traction Co . . 320 13 

Huddersfield, England, Brook & Son, Fire-clay Works. ... 315 

Smethwick, England, Adams Soap-Works. 312 

* Providence, R. I., Rhode Island Suburban Railway Co. 308 16 

* New York City, N. Y., New York Steam Co. (1904) . 308 15 

Carlisle, England, P. Dickon & Son . 300 

Bradford, England, Mitchell Brothers. 300 

* Constructed by the Alphons Custodis Chimney Construction Company, New York 
City. 

t Reinforced concrete, The Webor Company, Chicago, Ill. 
t Constructed by H. R. Heinicke, Incorporated, New York City. 

§ Self-sustaining steel chimney. 

II Constructed by The Heine Chimney Company, Chicago, III. 
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Partial List of Tall Chimneys over 300 Feet in Height (Continued) 

Diam. 
Height, inside 
ft at top, 
ft 

* Garfield, Utah, American Smelting and Refining Co. (1905). 300 30 

* Hayden, Ariz., American Smelting and Refining Co ... 300 25 

t Douglas, Ariz., Copper Queen Consolidated Mining Co. 300 22 

j Tacoma, Wash., Tacoma Smelting Co. 300 18 

t McGill, Nev., Steptoe Valley Traction Co. 300 15 

* Brooklyn, N. Y., Nichols Chemical Co. (1905) . 300 12 

* Claymont, Del., General Chemical Co, (1912). 300 8 

* Constructed by the Alphons Custodis Chimney Construction Company, New York 
City. 

t Constructed by The M. W. Kellogg Company, New York City, 
j Reinforced concrete, The Weber Chimney Company, Chicago, Ill. 

$ Constructed by H. R. Heinicke, Incorporated, New York City. 
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CHAPTER XXXII 

HYDRAULICS, PLUMBING AND DRAINAGE, ILLUMI¬ 
NATING-GAS AND GAS-PIPING 

By 

J. J. COSGROVE 

CONSULTING ENGINEER 

1. Hydraulics 

Water is practically an imcompressiblc liquid, weighing, at the average tem¬ 
perature of 62° F., 62.355 lb to the cu ft and 8.335 lb to the gallon. These 
figures change slightly with changes in temperature and atmospheric 
pressure, and a slight variation for the same temperature will be found in 
different works. 62.4 lb per cu ft is the weight of water used for ordinary 
computations. 

Pressure of Water. The pressure of still water in pounds per square inch 
against the sides of any pipe or vessel of any shape whatever is due alone to the 
head, or height of the surface of the water above the point considered pressed 
upon, and is equal to 0 433 lb per sq in for every foot of head at 62° F. The 
fluid-pressure per square inch is equal in all directions. To find the total pres¬ 
sure of quiet water against and perpendicular to any surface, whether vertical, 
horizontal, or inclined at any angle, whether it be flat or curved, multiply 
together the area in square feet of the surface pressed, the vertical depth of its 
center of gravity below the surface of the water, and the constant 62.4. The 
product will be the required pressure in pounds. This may be expressed by 
formula as follows: 

P = 62.4 AD 

in which P «■ the pressure in pounds of quiescent water on the surface con¬ 
sidered; 

A - the area pressed upon in square feet; and 
D m the vertical depth in feet of center of gravity of surface con¬ 
sidered. 


Table I. Pressure in Pounds per Square Inch for Different 
Heads of Water in Feet 


Head, ft 

0 

1 

2 

3 

4 

5 

D 

■ 

8 

9 

0 



0 

433 

0 

866 

1 299 

1 732 

2 165 

2 

598 

3 031 

3 

464 

3 897 

10 

4 

330 

4 

763 

5 

196 

5.629 

ms 

6.495 

6 

928 

7.361 

7 

794 

8 227 

20 

8 

660 

9 

093 

9 

526 

9.959 

10 392 

10.825 

11 

258 

11 691 

12 

124 

12 557 

30 

12 

990 

13 

423 

13 

856 

14.289 

14.722 

15.155 

15 

588 

16.021 

16 

454 

16 887 

40 

17 

320 

17 

753 

18 

186 

18 619 


19.485 

19 

918 


20 

784 

21.217 

50 

21 

650 

22 

083 

22 

516 

22.949 

23 382 

23 815 

24 

248 

24 681 

25 

114 

25 547 

60 

25 

980 

26 

413 

26 

846 

27.279 

27.712 

28.145 

28 

578 

29.011 

29 

444 

29.877 

70 

EH 

310 

30 

743 

31 

176 

31.609 


32.475 

32 

908 

33.341 

33 

774 

34.207 

80 

34 

.640 

35 

.073 

35 

ITiTi 

35.939 

36.372 

36.805 

37 

.238 

37.671 

38 

.104 

38.537 

90 

38 

.970 

39 

.403 

39 

836 

40.269 


41.135 

41. 

.568 

42.001 

42 

.436 

i 

42.867 
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The pressure for greater heads can be readily found by multiplication or 
addition; thus, the pressure for a head of 110 ft is ten times that for 11 ft 
The pressure for 118 ft is equal to the pressure for 110 ft plus that for 8 ft. 

Table II. Pressure Conversion 



Pressures of water are measured in inches of water or in inches of mercury. 
In Table II the corresponding pressures are given in pounds or ounces, inches 
•of water and inches of mercury. 
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Flow of Water In Pipes. Owing to the many practical and variable con¬ 
ditions which affect the flow of water in pipes, such as the smoothness of the 
pipe, number and character of the joints, bends and valves in the pipe, to say 
nothing of the size and length of the pipe, all formulas for the velocity and 
discharge of water in and through pipes can only be considered as approximate. 
The following formulas and data arc taken largely from the National Tube 
Company’s Book of Standards. They agree fairly well with similar tables by 
Kent and Trautwine, both of whom devote much space to this subject. The 
quantity of water passing through a given pipe is governed by the sectional 
area of the pipe or outlet and the mean velocity. The velocity depends 
primarily upon the pressure or head, and is greatly affected by friction, 
which again varies with the smoothness of the bore, the diameter and length 
of the pipe, and whatever obstructions there may be in the pipe. The 
head is the vertical distance from the surface of the water in the reservoir to 
the center of gravity of the lower end of the pipe when the discharge is into 
the air, or to the level surface of the lower reservoir when the discharge is under 
water. When the pressure is produced by mechanical means, the head of 
water in feet may be readily determined by the following table: 


Table HI.* For Converting Pressure in Pounds per Square In 
into Head of Water in Feet 


Pres¬ 

sure 

0 

1 

2 

n ' 

3 

4 

5 

6 

7 

8 

9 

0 


2.309 

4.619 

6.928 

9.238 

11.547 

13.857 

16 166 

18.476 

20.785 

10 

23.0947 


27.714 

30.023 

32.333 

34.642 

36.952 

39.261 

41.570 

wmm 

20 

46.1894 

48 499 


53.118 

55.427 

57.737 

EES 

62.356 

64.665 

66.975 

30 

69.2841 

71.594 

■WPS 

76.213 

78.522 

80.831 

83.141 

85.450 

87.760 

EEa 

40 

92.3788 

94.688 

96 998 

99 307 

101.62 

103.93 

106.24 

108.55 

110.85 

113.16 

so 

115.4735 

117.78 

120.09 

122.40 

124 71 

126.02 

129.33 

131.64 

133 95 

136.26 

60 

138.5682 

EEJ 

143.19 


147.81 

150.12 

152.42 

154.73 


159.35 

70 

161.6629 

163.97 

166.28 

168 59 

170.90 

173.21 

175 52 

177.83 

180.14 

182.45 

80 

184.7576 

187.07 

189.38 

191.69 


196 31 

198.61 

200.92 

203.23 

MttlWl 

90 

207.8523 

210.16 

212.47 

214.78 


219.40 

221.71 


226.33 

228.64 | 


• Tables I and III are exact for water at 62° F. and for atmospheric pressure at 14.7 
lb per sq in. 

To find the velocity of water discharged from a pipe-line longer than 
four times its diameter, knowing the head, length and inside diameter, use 

the following formula: _ 

I ltd 

v " m yi + 54 d 

in which v - approximate mean velocity in feet per second; 
m — coefficient from the table below; 
d ■■ diameter of pipe in feet; 
h - total head in feet; 

L - total length of line in feet. 

The following coefficients are averages deduced from a large number of 
experiments. In most cases of pipes carefully laid and in fair condition, they 
should give results varying not more than from 5 to 10%. 
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Values of Coefficient m 
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The following formula is simpler and can be used when 54 d in relation to 
L is so small as to be negligible: 

, 0.000704 Q2 x L 

k " d b 

If the pipe instead of being straight has easy curves (say, with radius not less 
than five diameters of the pipe) either horizontal or vertical, the discharge will 
not be materially diminished so long as the total heads and total actual lengths 
of pipe remain the same, but it is advisable to make the radius as much more 
than five diameters as can conveniently be done. 

To find the diameter of a pipe of given length to deliver a given quantity of 
water under a given head use the following, 

d - 0.234 

in which d - diameter of pipe in feet; 

Q - cubic feet per second delivered; 

L - length of line iu teetj 
h - head in feet. 

Example. Given the head, h - 700 ft; the length of pipe, L - 3 000 ft; 
the quantity to be delivered, Q - 4 cu ft per sec; required the diameter of pipa 
necessary. 

Substituting these values in the foregoing formula, we get: 

d - 0.234 ^000 _ 0 234 -^68.57 _ 0.545 ft - 6 54 in 

To find the diameter of pipe required to deliver a given quantity of water 
with a given head. 

Rule. (1) Reduce the head to feet per 100 ft; (2) from Table IV, find the 
discharge for the head thus obtained through a pipe 1 ft in diameter; (3) divide 
the required discharge by that obtained from Table IV; look for the quotient 
in the column of Table V, headed Ratio of Discharge, etc., and opposite it, 
in the adjoining columns of the table, will be found the required diameter. 

Note. The use of Tables IV and V gives results sufficiently correct for 
pipes less than 700 diameters in length. 

Example. If the head of water from a reservoir to the point of delivery is 
20 ft in a distance of 1 860 ft, what is the diameter of a pipe required to deliver 
6 cu ft of water per second? 

20 ft head in 1 860 ft - 20/18.60 ft in 100 ft, or 1.075 ft in 100. 

From Table IV we find that the discharge per second with a head of 1.136 is‘ 
3 989 cu ft; for a head of 1.075 it would be about 3.8 cu ft. Dividing the 
required discharge 6, by 3.8 cu ft per sec, we have 1.58. From Table V the 
diameter of pipe having a ratio of discharge equal to 1.58 is found to be about 
14V£ in; therefore we must use a 15-in pipe to obtain the required discharge* 
If the required discharge is in gallons, divide |by 7.5 to reduce to cubic feet 
If in cubic feet per minute, divide by 60 to reduce to feet per second. 
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Table IV. Velocities and Discharges Through a Straight, Smooth 
Pipe One Foot in Diameter and One Mile, or 5 280 Diameters, 
in Length 


Head in feet 
per 100 ft 

Head in feet 
per mile 

Velocity in 
feet per sec 

Discharge in 
cubic feet 
per sec 

Discharge in 
cubic feet 
per 24 hours 

0.0568 

3 

1.13 

0.8914 

76 982 

0.0758 

4 

1.31 

1.028 

88 862 

0.0947 

5 

1.47 

1.150 

99 403 

0 1136 

6 

1.61 

1.264 

109 209 

0.1325 

7 

1.74 

1.366 

118 022 

0 1514 
0.1703 

8 

9 

1.86 

1.96 

1.455 

1.539 

125 740 
132 969 

0.1894 

10 

2.08 

1.633 

141 145 

0.2273 

12 

2.27 

1.782 

153 964 

0.2652 

14 

2.45 

1.924 

166 233 

0 3030 

16 

2 62 

2.057 

177 724 

0.3409 

18 

2.78 

2.183 

188 611 

0.3788 

20 

2.93 

2.301 

198 806 

0 4735 

25 

3 28 

2.572 

222 156 

0.5682 

30 

3.59 

2.819 

243 604 

0.6629 

35 

3.88 

3.047 

263 260 

0 7576 

40 

4.15 

3.267 

282 228 

0.8523 

45 

4.40 

3.451 

298 209 

0.9470 

50 

4 64 

3.638 

314 352 

1.136 

60 

5.08 

3.989 

344 649 

1.326 

70 

5.49 

4.311 

372 470 

1.515 

80 

5.85 

4.602 

397 613 

1.704 

90 

6.23 

4.900 

423 435 

1.894 

100 

6 56 

5.144 

444 312 

2.083 

2.272 

110 

120 

6.87 

7.18 

5.395 

5.639 

466 128 
487 209 

2.462 

130 

7.47 

5.866 

506 822 

2.652 

140 

7.76 

6.094 

526 521 

2.841 

150 

8 05 

6.322 

546 048 

3.030 

160 

8.30 

6.534 

564 576 

3.219 

170 

8.55 

6.715 

580 176 

3.408 

180 

8.80 

6.903 

596 418 

3.596 

190 

9.04 

7.100 

613 440 

3.788 

200 

9.28 

7.276 

628 704 

4.26i 

225 

9.84 

7.696 

664 848 

4.735 

250 

10.4 

8.168 

705 728 

5.208 

275 

10.8 

8.482 

732 844 

5.682 

300 

11 3 

8.914 

769 824 

6.629 

350 

12.3 

9.621 

831 168 

7.576 

400 

13,1 

10.28 

888 624 

8 532 

450 

13 9 

10.91 

943 056 

9.47 

500 

14 7 

11.50 

994 032 

10.41 

550 

15.4 

12.09 

1 044 576 

11.36 

600 

16.1 

12.64 

1 092 096 

12.30 

650 

16.7 

13.11 

1 132 704 

13.25 

700 

17.4 

13.66 

1 180 224 

14.20 

750 

18.0 

14.13 

1 220 832 

15.15 

800 

18.6 

14.55 

1 257 408 

16.09 

850 

19.1 

15.00 

1 296 000 

17.04 

900 

19.6 

15.39 

1 329 696 

17.99 

950 

20.3 

15.94 

1 377 216 

18.94 

1 000 

20.8 

16.33 

1 411 456 

22.73 

1 200 

22.7 

17.82 

1 539 648 

26.52 

1 400 

24.5 

19.24 

1 662 336 

30.30 

1 600 

26.2 

20.57 

1 777 248 

34.08 

1 800 

27.8 

21.83 

1 886 112 

37.87 

2 000 

29.3 

23.01 

1 988 064 

47.35 

2 500 

32.8 

25.72 

2 221 560 

56.81 

3000 

35.9 

28.19 

2 436 040 
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Table V. Diameters of Pipes and Ratio of Discharge 


Diameter 
of pipe, 
in 

Diameter 
of pipe, 
ft 

Ratio of dis¬ 
charge to that 
through a 

1-ft pipe 
with the same 
head per mile 

Diameter 
of pipe, 
in 

Diameter 
of pipe, 
ft 

Ratio of dis¬ 
charge to that 
through a 
1-ft pipe 
with the same 
head per mile 

1 

0.0833 

0 0020 

12X 


1 106 

IX 

0 1250 

0 0055 

13 

| 

1 221 

2 

0.1667 

0 0113 

14 


1.470 

2X 

0.2083 

0 0198 

15 

■VTS 

1.746 

3 

0 2500 

0 0310 

16 


2 053 

3X 

0.2917 

0 0458 

17 


2 388 

4 

0 3333 

0 0643 

18 

1.5 

2.754 

4X 

0.3750 

0 0857 

19 

1.583 

3 153 

5 

0 4167 

0 1119 

20 

1.667 

3 585 

SX 

0.4583 

0.1422 

21 

1.75 

4 051 

6 

0.5 

1 0 1767 

22 

1.833 

4.551 

6X 

0 5417 

0 2159 

23 

1 917 

5.084 

7 

0 5833 

0 2600 

24 

2 

5.649 

7X 

0 6250 

0 3090 

24H 

2.052 

6.000 

8 

0 6667 

0 3631 

26 

2 167 


8X 

0 7083 

0 4220 

28 

2.333 


9 

0 75 

0.4871 

30 

2 5 

9.822 

9X 

0 7917 

0 5575 

30H 

2 521 

10.0 

to 

0 8333 

0 6337 

32 

2 667 

11.6 

10M 

0 8750 

0 7157 

34 

2 833 

13.5 

n 

0 9167 

0 8044 

36 

3 

15.5 

UX 

0.9583 

0 8987 

38 

3 167 

17.8 

12 

1 

1 

40 

3 333 

20.2 


This table shows, also, the relative discharging capacities of long pipes. 
Thus, one 12-in pipe is equal to two 9-in pipes, to nearly six 6-in pipes, or to 
thirty-three 3-in pipes. 
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Table VI. Flow of Water in House Service-Pipes 

Thomson Meter Company 
To find the discharge in gallons, multiply by 7.47 


Condition of 
discharge 

Pres¬ 
sure in 
main, 
lb per 
sq in 

Discharge in cubic feet per minute from the pipe 

Nominal diameters of iron or lead service-pipe in inches 

H 

% 

H 

1 

1H 

2 

3 

4 

6 


30 

1.10 

1.92 


6. 13 

16.58 

33 34 

88. 16 

173 85 

444 63 

Through 

40 

1.27 

2 22 

3.48 

EES 

19.14 

38.50 

101.80 


513.42 

35 ft of 

50 

1.42 

2.48 

3.89 

7.92 

MKli] 

43.04 

113.82 

224.44 

574 02 

service- 

60 

1.56 

2.71 

4.26 

8 67 

23.44 

47.15 

124.68 

245.87 

628 81 

pipe; no 

75 

1.74 

3.03 

4.77 

9 70 

26.21 

52.71 

139.39 

274 89 

703.03 

back- 

100 

2.01 

3 50 

5.50 

11.20 

ESXfl 

60.87 

160.96 

317.41 

811.79 

pressure 

130 

2.29 

3.99 

6.28 

12.77 

34.51 

69.40 

183.52 

361.91 

925.58 


30 

0.66 

1 16 

1.84 

3.78 

10.40 

21.30 

58.19 

118.13 

317.23 

Through 

40 

0.77 

1.34 

2.12 

4.36 

12.01 

24.59 

67.19 

136.41 

366.30 

100 ft of 

50 

0.86 

1.50 

2.37 

4.88 

13.43 

27.50 

75.13 

152.51 


service- 

60 

0.94 

1.65 

2.60 

5.34 

14.71 

30.12 

82.30 

167.06 

448.63 

pipe; no 

75 

1.05 

1.84 

2.91 

5.97 

16.45 

33 68 

92.01 

186.78 

501.58 

back¬ 

KuliH 

1.22 

2.13 

3.36 

6.90 

18.99 

38.89 

106.24 

215.68 

579.18 

pressure 

130 

1.39 

2 42 

3 83 

7.86 

21.66 

44.34 

121.14 

245.91 

660.36 


30 

0.55 

0.96 

1.52 

3.11 

8.57 

17.55 

47.90 

97.17 

260.56 

Through 

40 

0.66 

1.15 

1.81 

3.72 

10.24 

20.95 

57.20 

116.01 

311.09 


50 


1.31 

ESQ 

4.24 

11.67 

23.87 

65.18 

iicWHJ 

354.49 

service- 

60 

m 

1.45 

2.29 

4.70 

12.94 

26.48 

72.28 

146.61 

393.13 

pipe and 

75 

0 94 

1.64 

2.59 

5.32 

14 64 

29 96 

81.79 

165.90 

444.85 

15-ft ver- 

100 

1.10 

1.92 

3.02 

6.21 

17.10 


95.55 

193.82 

519.72 

tical rise 

130 

1.26 

2.20 

3.48 

7.14 

19.66 

40.23 

109.82 

222.75 

597.31 


30 

0.44 

0.77 

1.22 

2.50 

6.80 

14.11 

38.63 

78 54 

211.54 

Through 

40 

0.55 

0 97 

1.53 

3.15 

8 68 

17.79 

48.68 

98.98 

266.59 

100 ft of 

50 

0 65 

1.14 

1.79 

3.69 

10.16 

20.82 

56.98 

115.87 

312.08 

service- 

60 


1.28 


4.15 

11.45 

23 47 

64.22 

130.59 

351.73 

pipe and 

75 

Rj 

1.47 

2.32 

4.77 

13 15 

26.95 

73.76 

149.99 

403.98 

30-ft ver- 



1.74 

2.75 

5.65 

15.58 

31 93 

87.38 

177.67 

478.55 

tical rise 

130 

1.15 

2.02 

3.19 

6.55 

18.07 


101.33 

206 04 

554.96 


Table VI may also be used when the pressure is in feet-head of water by 
reducing the head in feet to pounds per square inch by Table I. Thus, if we 
wish the discharge per minute through a %-in pipe 100 ft long with a head of 
70 ft, we find from Table I that a head of 70 ft corresponds to a pressure of 30 lb 
per sq in, and from Table VI we find the discharge through a j£-in pipe 100 ft 
long with a pressure of 30 lb to be 1.84 cu ft per minute. 
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Table VII. Friction of Water in Pipes Based on Ellis and 
Howland’s Experiments 

The following table gives the friction-loss in pounds-pressure per square inch 
for each 100 ft of length in clean iron pipes of different sizes, discharging given 
quantities of water per minute. This friction-loss is greatly increased by 
bends or irregularities in the pipe. 

To find the friction-head in feet, multiply by 2 3 


Gallons 

Sizes of pipes, inside diameter 

per 









minute 

H in 

1 in 

IX in 

l'Ain 

2 in 

2M in 

3 in 

4 in 

5 

3 3 

0 84 

0 31 

0 12 





10 

13.0 

3 16 

1.05 

0.47 

0. 12 




15 

28 7 

6 98 

2.38 

0 97 

0 26 




20 

50.4 

12 3 

4.07 

1 66 

0 42 




25 

78.8 

19 0 

6.40 

2 62 

0 64 

0 21 

0 10 

0 27 

30 


27 5 

9 15 

3 75 

0 91 




35 


37 0 

12 4 

5 05 

1.22 




40 


48 0 

16 1 

6 52 

1.60 


0.20 


45 



20 2 

8 15 

2.02 




50 



24 9 

10 0 

2.44 

0 81 

0 35 

0.09 

75 



56 1 

22 4 

5 32 

1.80 

0.74 

0 23 

100 




39 0 

9 46 

3 20 

1 31 

0.33 

125 





14 9 

4 89 

1 99 

0 49 

150 





21.2 

7.00 

2.85 

0.69 

175 





28.1 

9 46 

3 85 

0.94 

200 





37.5 

12.47 

5 02 

1.22 

250 






1 19.66 

7.76 

1.89 

300 






28.06 

11.2 

2.66 

350 







15.2 

3.65 

400 







19 5 

4.73 

450 







25 0 

6.01 

500 


| 





30 8 

7 43 

600 








9 54 

700 








14.32 


Friction in the water-supply system is not confined to the pipe and fittings; 
a proportionately large head is lost driving water through filters and other 
apparatus. Meters also consume considerable head. 
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Safe Pressures and Equivalent Heads of Water for Cast-Iron 
Pipes of Different Sizes and Thicknesses 

Calculated by P. H. Lewis from Fanning’s Formula 
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Cast-iron bell and spigot-pipe is known in some localities as corporation 
pipe. It is made in four grades, known as Class A, Class B, Class C, and 
Class D, according to the head or pressure for which it is intended. Class B 
is the grade most used. Table VIII gives useful information about standard 
makes of commercial bell and spigot-pipe. The weights are approximate 
and the weight per foot includes an allowance for the bell. A standard pipe 
is 12 ft long, although shorter lengths in units of one foot can be had without 
a bead on the end. 


Table VIII. Sizes, Weights and Thickness of Cast-Iron Bell 
and Spigot-Pipe for Various Pressures 



Class A 

Class B 

Class C 

Class D 


Gas, 

Standard, 


Extra heavy. 

inside 

diam- 

100 ft head, 

200 ft head, 

300 ft head. 


43 lb pressure 

86 lb pressure 

130 lb pressure 


eter, 

in 

Thick- 

Weight 

Thick- 

Weight 

Thick- 

Weight 

Thick- 

Weight 


ness. 

per 

ness. 

per 

ness. 

per 

ness. 

per 


in 

ft-lb 

in 

ft-lb 

in 

ft-lt 

in 

ft-lb 

3 

.39 

14 5 

Kl 

18.0 

.53 

19 0 

.48 

18.0 

4 

.42 


.45 

21.7 

.48 

23.3 

.52 

25.0 

6 

.44 

30 8 

.48 

33 3 

.51 

35.8 

.55 

38.3 

8 

.46 

42.9 

.51 

47.5 

.56 

52.1 

.60 

55.8 

10 

■11 

57 1 

.57 

63.8 

62 

70.8 

.68 

76.7 

12 

SI 

72.5 

.62 

82 1 

.68 

91 7 

.75 

100.0 

14 

■ 1 

89.6 

.66 

102 5 

.74 

116.7 

.82 

129.2 

16 

.60 


.70 

125.0 

.80 

143.8 

.89 

158.3 

18 

.64 

129.2 

.75 

150 0 

.87 

175.0 

.96 

191.7 

20 

.67 

MTtfrl 

.80 

175.0 

92 

208.3 

1.03 

229.2 

24 

.76 

204.2 

.89 

233 3 


279.2 

1.16 

306 7 

30 

.88 

291 7 

EK3 

333 3 

1 20 


1.37 

450.0 

36 

.99 

391.7 

1.15 

454.2 

1 36 

545.8 

1.58 1 

625.0 

42 

1.10 

512.5 

1 28 

591 7 

1.54 

716.7 

1.78 | 

825.0 

48 

1.26 

666 7 

1 42 

750 0 

1 71 

908.3 

1.96 

1 050.0 

54 

1.35 


1.55 

933 3 

1 90 

1 141.7 

2.23 

1 341.7 

60 

1.39 

916.7 

1.67 

1 104 2 

aaui 

1 341.7 

2.38 

1 583.3 

72 

1.62 

1 283 4 

1 95 

1 545 8 

2.39 

1 904 2 



84 

1.72 

1 633.4 

2 22 

2 104 2 































Table IX. Approximate Cost of Laying Cast-Iron Water Pipe with Lead Joints 
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Cost of pipe per linear foot at $56 per 
net ton for 4-in and $52 for larger 
sizes F. O. B. factory, plus $2.60 
per ton freight, and $2 for hauling 

Class D 
for 

400-foot 

head 

$0.7575 

1.09 

1.58 

2.17 

2.83 

00 

N* 

Class C 
for 

300-foot 

head 

$0,706 

1.01 

1.48 

o 

o 

CN 

2.60 

4.07 

Class B 
for 

200-foot 

head 

$0,658 

.943 

1.35 

00 

2.33 

3.54 

Class A 
for 

100-foot 

head 

$0,606 

(N 

f- 

00 

1.22 

1 62 

2.05 

3 07 

1 

to 

I 

If 

,25 «M 
hflH 

.as 

•o a 

fl « 

"* p* 

2*. 

JT* 

fi 

®| 

M 

f 

SI 

o 

to 

8 

i 

1 

u 

4) 

s& 

3? 

iT 

4> 

d 

3 

$7.00 

.66 

.80 

1.10 

5.60 

.725 

.865 

1.165 

5.825 

.927 

1.117 

1.507 

7.01 

vO 00 (N 
O CN VO VO 

•HHHfs 

V© 00 VO CO 
*HCO00CN 

lOvJICNC> 
t'* O vO Ov 

v" CN CN — 

$5.00 

OOtNO 
lO'O 00 CO 

to vo«o vo 
O VO 00 00 
LO VO 00 

V 

.717 

.857 

1.147 

5.49 

.82 

.97 

1.29 

5.87 

CN 00 CO IT) 
OvON»fO 

—1 ■r-l VO’ 

CN co vO vO 
N*vOO<N 

vHrtNO, 

$3.00 

fHP?| 

titta 


.537 

.597 

.767 

3.407 

CO Ov 00 CO 
VO vOOOt>» 

V) 


1.11 

1.20 

1.45 

5 93 

Cost per linear foot 

0) 

a 

s 

£ 

s 

.075 

- 

VO 

Ov 

CO 

1* 

|s 

.05 

.07 

oo 

© 

- 

CO 

o 

CN 

£ 

¥ 

O ►* 

<2-3 

Si? 

g* 

a 

M 

O 

O 

s 

si 

'OOOO 

lOt'O'fl 

00 CN (N 00 
UINOO 

*-i VO 

c<5 CN *—1 »—t 
t^OvfOOO 

o' 

.78 

1.00 

1.42 

7.36 

I 

oOnvoO 

1 *—• CN —h 

$ 

8 

OO (NO 
-r vo c- cn 

n* 


(NVO»OOv 

VO vO Ov CN 

O —vco *-i 

vO f- O VO 

th io 

© O — 1 <0 
vOfr-^O 

VI vo' 

VO vO OO Ov 
ooO-^vo 

Woo 

8 

5 


.27 

.315 

.44 

2.69 

.34 

.40 

.57 

2.21 

cO^fU© 

CO 

Ov VO f- VO 
(O^On 

CO 

N* co 00 vO 
vo 'O 00 CO 

to 

i 

1 

w 

tion 

Easy 

Medium 

Hard 

Rock 

Easy 

Medium 

Hard 

Rock 

Easy 

Medium 

Hard 

Rock 

Easy 

Medium 

Hard 

Rock 

Easy 

Medium 

Hard 

Rock 

Easy 

Medium 

Hard 

Rock 

Size of 
pipe 

Depth of 
trench 

4-in 

5 ft 

.2£ 

l/> 

8-in 

5 ft 

10-in 

5 ft 

12-in 

5 ft 

16-in 

6 ft 


Where trench bracing is necessary, allow $3 per linear foot for 100 ft less salvage value of lumber. 
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For preliminary estimates, Table IX, giving the approximate cost of laying 
cast-iron water pipes with lead joints, will be found safe as well as convenient. 
From the table a unit price per foot for each size of pipe can be established 
and then the totals multiplied by those units. 

Private Water-Supply, Pumps 

Private Water-Supplies. The architect is frequently required to furnish a 
water-supply for isolated buildings, and even in cities it is becoming quite 
common for manufacturing establishments and large buildings to have 
their own water-supply; so that some knowledge of the various methods of 
supplying water is requisite. Power-pumps are of so many kinds and so intri¬ 
cate in construction that no attempt will be made to describe them. 

The Hydraulic Ram. Where a small stream of water having a fall of 2 ft 
or more flows near the premises, an hydraulic ram may be used to great advan¬ 
tage to furnish water for domestic purposes, or even for irrigation. The ram 
is operated by the momentum of the water flowing through the drive-pipe and 
delivers water into an open tank. Water can be conveyed by a ram 13 000 ft 
when elevated 500 ft, provided there is sufficient fall. The drive-pipe sup¬ 
plying the ram should be 30 or 40 ft long to give the necessary momentum. 
The use of the ram is the most economical method of pumping water, as there 
is no expense for maintenance except for repairs, and the cost of installation, 
also, is small. 

The Capacities of the Rife Rams are given in the following table. The 
capacities are determined from the table by multiplying the available supply 
of water per minute, or the rated amount of water a Rife ram will use, by the 
factor found in the table at the intersection of the line giving the fall available, 
for the drive-pipe, and the column showing the height the water is to be ele¬ 
vated. The factor for a 10-ft fall and 50-ft discharge is 192, and this multi¬ 
plied by the supply of water per minute will give the delivery per day. This 
is shown by the example worked out in the corner of the table. These capaci¬ 
ties are based on efficiencies dependent on the ratio of fall to lift. A fall of 
10 ft and a lift of 50 ft give a ratio of 1 to 5, and an efficiency of 66%%. The 
efficiencies of Rife rams based on various ratios are also given in the table. 

Deep Wells and Plunger-Pumps. The common method of obtaining a 
private water-supply is to drive a deep well until a sufficient supply of water 
is obtained. The depth to which a well must be driven will, of course, depend 
upon the locality, and can only be determined by drillings. As the well is 
driven, a large wrought-iron pipe is sunk to form the casing. Casings are 
seldom less than 6 or more than 10 in inside diameter, 8 in being the common 
size. When the water-pocket has been reached, the water will usually rise 
and stand in the pipe. The cost of drilling deep wells, per foot of depth, in¬ 
cluding the casing, differs, of course, with the strata, location and other local 
conditions. For raising the water into an open tank a single-acting pump con¬ 
sisting of a working-head, (Fig. 1), which operates a piston located in a cylin¬ 
der placed in a smaller pipe lowered into the well through which the water is 
raised is commonly employed. The cylinder should preferably be placed below 
the water-line in the well, and is usually connected with the working-head by 
wooden sucker-rods. The working-head may be operated by hand, or by 
a crank-rod attached to a pumping-jack, windmill or engine. With a single- 
acting pump the plunger is raised and lowered once with every revolution of 
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the driving-wheel, the principle of operation being the same as in an ordinary 
hand suction-pump. Fig. 2 shows a simple arrangement for operating a 
working-head by belt-power. This is known as a deep-well power working- 
head. A deep-well pump (Fig. 2) differs from a suction-pump in that it 
will raise water from any depth, whereas a suction-pump in practice will raise 
water only about 25 ft. A suction-pump may be placed at any point in rela¬ 
tion to the well, and will draw the water any reasonable horizontal distance. 
The deep-well pump, on the other hand, must be set directly over the well, but 



Fig. 1. Working- Fig. 2. Deep-well Pump 

head for Deep- 
well Pump 


it will then deliver the water at any desired point. The amount of water 
pumped in a minute by any single-acting pump is determined by the diameter 
of the suction-cylinder, the length of stroke, and the number of strokes per 
minute. The table following gives the capacity per stroke for cylinders of 
different diameters, and for strokes of different lengths. To find the capacity 
per minute, multiply the values given in the table by the revolutions per min¬ 
ute. The usual speed of single-acting working-heads and pumping-jacks is 
from 25 to 30 revolutions per minute. Cylinders over 2% in in diameter 
should have a substantial iron working-head. 
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Table X. Water Required for Rife Rams 



* Single, t Duplex. 


Table XI. Capacities of Rife Rams 


Height or head in feet the water is to be delivered 



* Multiply factor opposite powee-head and under pumping-head by the number of 
gallons per minute used by the engine; the result will be the number of gallons deliveied 
per day. 

The efficiency developed is governed by the ratio of fall to pumping-head. 


75% for a ratio of 1 to 2H 
70% for a ratio of 1 to 3 
* 66%% for a ratio up to 1 to 18 
60% for & ratio up to 1 to 23 
. 50% for a ratio up to 1 to 30 


The efficiency of rife rams is based on 
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Table XII. Showing Capacity of Single-Acting Pumps of Given 
Diameter and Length of Stroke 


Diameter 

Length of stroke in inches 










of 

cylinder 
in inches 

6 

8 

10 

12 

14 

16 

18 

20 

24 













Capacity per stroke in gallons 



IK 

0.0319 

0.0425 

1 

0.0531 

0.0637 

0.0743 

0.0848 

0.0955 

0.1062 

0.1274 

M 

0.0385 

0.0513 

0.0642 

0.0770 

0.0890 

0 1027 

0.1156 

0.1280 

0.1541 

IX 

0.0459 

0.0612 

0.0765 

0.0918 

0.1071 

0.1224 

0.1377 

0.1530 

0.1836 

IK 

0.0625 

0.0833 

0.1041 

0.1249 

0.1457 

0.1666 

0.1874 

0.2082 

0.2499 

2 

0.0816 

0.1088 

0.1360 

0.1632 

0.1904 

0.2176 

0.2448 

0.2720 

0.3264 

2 K 

0.1033 

0.1377 

0.1721 

0.2063 

0.2410 

0.2754 

0.3096 

0.3442 

0.4128 

2 X 

0.1275 

0.1700 

0.2125 

0.2550 

0.2975 

0.3400 

0.3825 

0.4250 

0.5100 

2 K 

0.1543 

0.2057 

0.2571 

0.3085 

0.3598 

0.4114 

0.4626 

0.5142 

0.6170 

3 

0.1836 

0.2448 

0.3060 

0.3672 

0.4284 

0.4896 

0.5508 

0.6120 

0.7344 

3 K 

0 . 2154 ; 

0.2872 

0.3594 

0.4312 

0.5030 

0.5748 

0.6466 

0.7182 

0.8624 

3 X 

0.2499 

0.3332 

0.4165 

0.4998 

0.5831 

0.6664 

0.7497 

0.8330 

0.9996 

3 K 

0.2868 

0.3824 

0.4780 

0.5736 

0.6692 

0.7648 

0.8605 

0.9561 

1.1470 

4 

0.3264 

0,4352 

0.5440 

0.6528 

0.7616 

0.8704 

0.9792 

1.0880 

1.3056 

4 K 

0.3684 

0.4912 

0.6141 

0.7368 

0.8596 

0.9824 

1.1050 

1.2280 

1.4730 

4 X 

0.4131 

0.5508 

0.6885 

0.8262 

0.9639 

1.1016 

1.2393 

1.3770 

1.6524 

4 K 

0.4602 

0.6136 

0.7671 

0.9204 

1.0730 

1.2270 

1.3800 

1.5340 

1.8400 


Table XIII. Action of Wind and Capacities of Pumping Windmills 


Velocity 

Pressure 



per hour 
in miles 

per square 
foot in 
pounds 

Description of wind 

Action of wind and windmills 

3 

0.045 

Just perceptible. . . 

Windmills will not run 

5 

0.125 

Pleasant wind .... 

Might start if lightly loaded 

8 

0.33 

Fresh breeze. 

Will start pumping 

10 

0.5 

Average wind.... 

Pumps nicely if properly loaded 

15 

1.125 

Good working wind . 

Does excellent work 

20 

2 

Strong wind.... 

Gives best service 

25 

3.125 

Very strong wind. 

Maximum results secured 

30 

4.5 

Gale. 

Should be furled out of wind 

40 

8 

Storm. 

i Well-constructed mills and 

50 

12.5 

Severe storm . 

J towers safe if properly erected 
r Buildings, trees, etc., might be 

60 

18 

Violent storm. 


| injured 

80 

32 

Hurricane. 

r Buildings, trees, etc., would be 
\ injured 

100 

50 

Tornado. 

Ruin 


From the above table it will be seen that the only available winds are those 
blowing with a velocity of from 8 to 25 miles per hour, and that a 15-mile wind 
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can be utilized to the best advantage. It is therefore advisable to load a 
windmill for a 15-mile wind. It then starts pumping in an 8-mile wind, does 
excellent work in a 15-mile wind and reaches the maximum results in a 25-mile 
wind. 


Table XIV. Capacity of the Windmill 


1 

.9 

H 

V 

a 
o 1 

Gallons of water raised per minute 

£ 

a 

>•* 



to an elevation of 


2 Pt TJ 


h 

n 







«-a o 

H 

fi 


25 

50 

75 

100 

150 

200 

ill 

Q 

> 

« 

ft 

ft 

ft 

ft 

ft 

ft 

w 

m 

16 

40 to 50 

6 192 

3 016 





0.04 

10 

16 

35 to 40 

19.179 

9 563 

6.638 

4. 750 



0 12 

12 

16 

30 to 35 

33.941 

17.952 

11.851 

8.435 

ExmD 


0 21 

14 

16 

28 to 35 

45 139 

22.569 

15.304 

11.246 

7.807 

4.998 

0 28 

16 

16 

25 to 30 

64 600 

31 654 

19.542 

16.150 

9.771 

EXuD 

0.41 

18 

16 

22 to 25 

97 682 

52.165 

32.513 

24 421 

17.485 

12 211 

0 61 

20 

16 

20 to 22 

124.950 

63.750 

USEE] 

31.248 

19.284 

15.938 

0 78 

25 

16 

16 to 18 

212.381 

106.964 

71.604 

49,725 

37.349 

>6.741 

1 34 


Windmills. The horse-power of windmills is proportional to the squares 
of their diameters and inversely as their velocities; for example, a 10-ft mill 
in a 16-mile breeze will develop 0.15 horse power at 65 revolutions per minute; 
and with the same breeze: 

a 20-ft mill, at 40 revolutions per minute, 1 horse-power; 
a 25-ft mill, at 35 revolutions per minute, 1% horse-power; 
a 30-ft mill, at 28 revolutions per minute, horse-power. 

The wheels of very few windmills are larger than 25 ft in diameter. There 
are no pumps which will enable the user of a windmill to utilize the increased 
power obtained from winds of high velocity, so that in practice the amount of 
water pumped by windmills in high winds is but little more than is pumped by 
the same mills in winds having velocities of from 12 to 18 miles per hour. For 
this reason it is customary to regulate windmills to govern at about 25 miles an 
hour. 

Air-Lift Process. Compressed air is used to an increasing extent for raising 
water from artesian wells. The process in general consists of submerging a 
discharge-pipe in a closed well, with a smaller pipe inside delivering compressed 
air into it at the bottom. The compressed air by its inherent expansive force 
lifts a column of mingled air and water which is conveyed to an open tank, 
to permit of the escape of the air. If desired the water may then be conveyed 
by gravity into a series of closed tanks, and forced by air-pressure to different 
parts of a building, the only machinery required being an air-compressor and 
power for driving it. The slip of the bubble constitutes the chief loss of 
energy in the air-lift. The method of piping a well differs according to its 
general conditions and the quantity of water to be pumped. “No two wells 
are alike, and consequently the method of piping which might be applied to 
one would be unsuited to another .” 

Advantages of the Air-Lift Process. From two to six times as much water 
may be obtained from a given diameter of well as with any other known sys^ 
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tem, because there are no valves, cylinders, or rods to hinder the rapid dis¬ 
charge of water. One air-compressor operates any number of wells, which 
may be any distance apart so as not to affect one another. There is nothing 
outside the engine-room to look after or wear out. Nothing but common 
pipe in the wells. Sand or gravel does no harm. The cost of raising 1 000 
gal of water by this method, including fuel, labor, oil, interest on cost of well, 
boiler, compressor, foundations, pipes, real estate, erection and taxes, includ¬ 
ing 15% for depreciation, runs from 4 cts down to .8 ct, according to the size 
of the plant, height of lift, and other local conditions. With the average outfit 
of medium or small size, it is usually under lYi cts. The air-lift process is now 
extensively used in ice-works, breweries, cold-storage houses, textile mills, 
dye-works, etc., and a great variety of industrial plants, and for the water- 
supply of quite a number of the smaller cities. In Newark, N. J., pumps of 
this type are at work having a total capacity of 1 000 000 gal daily, lifting 
water from three 8 -in artesian wells.* 

Pneumatic Water-Supply Systems. A closed water-tight tank of iron or 
steel is used with the pneumatic system, and this tank may be located at any 
level, for the water is forced from it by 
means of compressed air confined in 
the top of the tank. This fact makes it 
possible to bury the tank in the ground 
below the frost-line, away from the 
heat of the sun, and where the water 
will have an almost uniform tempera¬ 
ture the year round. The water is 
protected from possible contamination 
from insects, rats, birds, dust, or other 
agencies, while the tank takes up no 
valuable space above ground, imposes 
no weight upon the attic-floor of a 
building, and does not disfigure the 
landscape. The principle of operation 
is this: Air is compressible, while water 
is not. If, then, water is pumped into a 
closed tank at the bottom, it will trap 
the air within, and the more water 
pumped in, the greater the compres¬ 
sion of the air. The elasticity of the 
air, then, will force the water out again, 
whenever a faucet is opened, and the 
water will continue to flow as long as 
the air is under sufficient pressure in the 
tank. In practice the air would be- Fig. 3 . Typical Installation of Deep-well 
come absorbed by the water in the Pump for Pneumatic Water Supply 
tank, and in a short time become 

exhausted, if it were not supplied as fast as used. This is accomplished by 
injecting a proportionate amount of air with each stroke of the pump, by 
means of a snifter-valve air-compressor, or other device. All connections 
to the tank are taken from the bottom, to prevent the escape of air which 
would occur if the connections were taken from the top of the tank. 

A pneumatic system of water-supply used in connection with a deep well 
is shown in Fig. 3. The pumping-head is located directly over the well foe 



• Kent. 
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deep-well pumping, although in shallow-well pumping it may be located at 
any convenient place not necessarily over the well. In cold climates all parts 
of the pump containing water are located in a pit below frost-line, an anti¬ 
freezing attachment being used for the purpose. 

Pneumatic systems are generally operated at pressures varying from 25 
to 50 lb. That is, when the pressure of air and water within the tank drops 
to 25 lb the pump starts automatically and continues pumping until the 
pressure rises to 50 lb, when the pump automatically cuts out. This range 
of pressures helps determine the size of tank required. 

The following table shows approximately the amount of water that can 
be drawn from a tank with the pressure starting at 50 lb and dropping to 25 lb, 
the proportion of air in the tank being J/3 to % water. 


Capacity of tank, 
gal 

Air in tank, 
gal 

Water in tank, 
gal 

Water that can be 
drawn without 
pump operating, 
gal 

25 

m 


5 

40 

13>s 

26 H 

8 

80 

27 

53 

16 

120 

40 

80 

24 

220 

73 

147 

44 

315 

105 

210 

63 

525 

175 

350 

105 

1 000 

333 

666 

200 


The use of the water likewise helps determine the size of tank to install. 
For domestic purposes, a comparatively small tank might be desirable to 
insure frequent changes and keep the water from becoming stale. Where 
an uninterrupted supply is a necessity, on the other hand, an extra large tank 
might be desirable to tide over breakdown or repair periods. 


Horse-Power Required to Raise Water to Different Heights 

General Principles. The power required to raise a certain quantity of 
water to a certain height varies directly with the quantity to be raised, and 
also with the height. For instance, it requires twice as much power to raise 
200 gal per minute 10 ft high as it docs to raise 100 gal to the same 
height and in the same time; and to raise 100 gal 20 ft high requires 
twice as much power as it does to raise 100 gal 10 ft high. To find the 
theoretical horse-power necessary to elevate water to a given height, mul¬ 
tiply the number of gallons per minute by 8.335, the weight of 1 gal, and 
this result by the total number of feet the water is raised, that is, from the 
surface of the water to the highest point to which the water is raised, and the 
result gives the power in foot-pounds; divide by 33 000, and the quotient is 
the horse-power. To the theoretical power a liberal allowance must be made 
for the inefficiency of the pump. For a cylinder-pump add from 75 to 100%. 
To the actual height to which the water is to be raised add the friction-loss in 
feet, given in Table VII, when the discharge is to be piped any distance. 

Example. Find the theoretical horse-power required to raise 100 gal per 
minute 120 ft high, through a 3-in pipe, 200 ft long. 












Art. 1] 


Hydraulics 


1737 


Solution. From Table VII the friction-head for 100 gal per min in a 3-in 
pipe, 100 ft long, is 1.31 X 2.3 or 3 ft. For 200 ft it will be 6 ft, which, added 
to 120, gives 126 ft for the height. Then theoretical horse-power «=» 100 X 
8.35 X 126/33 000 — 3.2 h.p. The actual horse-power required will probably 
vary from 5 to 6, according to the efficiency of the pump. The mistake of 
using too small a discharge-pipe can easily be seen from Table VII. For 
instance, if one attempted to force 100 gal per minute through 100 ft of 2-in 
pipe, the back-pressure would be equivalent to raising the water 22 ft high. 
The fuel used would be correspondingly increased. Right-angle turns are 
to be avoided, as the friction is very materially increased, being practically 
equal to the friction of 25 ft of straight pipe. 

Pump Piping. Both the operating economy and the efficiency of a pumping 
plant depend much upon the manner in which the piping is proportioned and 
installed. Friction is the great power consumer so that suction and dis¬ 
charge lines must be of ample size, as straight as possible and free from unnec¬ 
essary bends or fittings. Whenever possible long radius bends are used 
and gate-valves in preference to globe-valves. 

When installing suction lines it is well to slope them towards the source 
of water-supply. The slope permits draining the line and avoids air-pockets. 

For reciprocating pumps on long suction-lines an air-chamber near the 
pump is recommended. For any type of pump the suction-line must be 
tight. If the suction-pipe leaks, air will be drawn in, causing a reciprocating 
pump to pound and a centrifugal pump to stop pumping and simply churn. 

The suction-lift of a pump depends upon the temperature of the water 
to be lifted and its elevation with relation to sea-level. Table XV gives the 
safe suction-lifts for pumps under various conditions of elevation and tem¬ 
perature. 

When a battery of pumps all draw their supply of water from one source, 
it is advisable to run independent suction-lines to each pump. When the 
source of supply is above the level of the pump, however, so that water flows 
to the pumps by gravity, the suctions can all connect to a common header, 
as is commonly done in practice. Under such conditions each suction-pipe 
should be valved. 


Table XV. Safe Suction-Lifts of Pumps 


Elevation 

above 

sea-level, 

feet 

Atmospheric 
pressure, 
pounds per 
square inch 

Barometric 
pressure, 
inches of 
mercury 

Temperature of water to be pumped, 
degrees Fahrenheit 

60 

90 

120 

150 

180 

Safe suction-lift of pumps in feet 

10 000 

10.107 

20.582 

17.0 

16.4 

14.7 

11.3 

4.7 

5000 

12.224 

24,890 

20.5 

19.9 

18.2 

ED 

8.2 

4 000 

12.689 

25.837 1 

21.5 

20 9 

19.2 

UKl 

9.2 

3 000 

13,169 

26.813 i 

22.4 

21 8 

20 2 

KEH 

10.2 

2 000 

13.665 

27.824 

23.2 

22 6 

21 0 

17.6 

11.0 

1 000 

14 174 

28 861 

24.1 

23 5 

21 9 

18.5 

11.9 

Sea-level 

14,696 

29.925 

25.0 

24.4 

22.8 

19.4 

12.8 


Water of temperatures higher than 180° F. cannot successfully be raised 
by suction but for the best operation must flow to the pump by gravity. 
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Waters of temperatures lower than 180° but over 100° F. can be raised by 
suction, but are more successfully handled when they flow by gravity to the 
pump 6 . 

The size of discharge-pipe from a pump affects greatly the cost of operation. 
A small pipe will cost less to install, but the initial cost will be more than offset 
by the cost of operation, as the following example shows. 


Table XVI. Theoretical Horse-Power Required to Pump Water 
Through 1 000 Feet of New Pipe 



Take for comparison a 5-in and a 6 -in pipe, each discharging 500 gal of water 
per minute. The 5-in pipe requires 7.3 theoretical horse-power; the 6 -in pipe 
requires only 2.9 theoretical horse-power. 

Assuming a 70% pump efficiency and 86 % motor efficiency, the over-all 
efficiency would be 0.70 X 0.86 - 0.60 * 60%. The actual electrical input 
to the motors therefore would be 12.1 horse-power for the 5-in pipe and 4.8 
horse-power for the 6 -in pipe, or 9 and 3.6 kw’s, respectively. Based on an 8 - 
hour day and 2 cts per kw hour, the approximate costs for a year would be 
$540 for the 5-in discharge-pipe and $220 for the 6 -in discharge-pipe. 


Table XVn. Effective Fire-Streams 

Using 100 ft of 2 H-in ordinary best-quality rubber-lined hose between nozzle and 
hydrant or pump 


Smooth nozzle 

X in 

Vs in 

Pressure at hydrant, lb 

32 

54 

65 

75 

86 

34 

57 

69 

80 

91 

Pressure at nozzle, lb.... 

30 

50 

60 

70 

80 

39 

50 

60 

70 

■31 

Vertical height, ft.. 

48 

67 

72 

76 

79 

49 

71 

77 

81 

85 

Horizontal distance, ft. 

37 

50 

54 

68 

62 

42 

55 

61 

66 

70 

Gal discharged per min . 

90 

116 

127 

137 

147 

123 

159 

174 

188 

201 

Smooth nozzle 

1 in 

1 H in 

Pressure at hydrant, lb. 

37 

62 

75 

87 

100 

42 

70 

84 

98 

112 

Pressure at nozzle, lb- 

KT»1 

50 

60 

70 

80 

30 


■21 

70 

■3V 

Vertical height, ft. 

51 

73 

79 

85 

89 

52 

75 

83 

88 

92 

Horizontal distance, ft... 

47 

61 

67 

72 

76 

50 

66 

72 

77 

81 

Gal discharged per min.. 

161 

208 

228 

246 

263 

206 

266 

291 

314 

336 
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Fire-SireamSt The following is an extract from a paper read by John 
R. Freeman at a meeting of the New England Waterworks Association, enti¬ 
tled Some Experiments and Practical Tables Relating to Fire-Streams: 
“When unlined linen hose is used the friction or pressure-loss is from 8 to 
60%, increasing with the pressure. This kind of hose is best for inside use in 
short lengths. Mill-hose L c better than unlined linen hose for long lengths, 
but ordinarily the best quality of smooth rubber-lined hose is superior to the 
mill-hose, having less frictional resistance. The ring-nozzle is inferior to the 
smooth nozzle and actually delivers less water than the smooth nozzle. For 
instance, the in ring-nozzle discharges the same quantity of water as a 
J4-in smooth nozzle, and a 1-in ring-nozzle the same as a Jg-in smooth nozzle. 
Two hundred and fifty gallons per minute is a good standard fire-stream at 
80-lb pressure at the hydrant; 100-lb pressure should not be exceeded except 
for very high buildings or lengths of hose exceeding 300 ft.” 

Notes on the Construction of Cylindrical Wooden Tanks 

Material should be either cedar, cypress, juniper, fir, yellow pine, or white 
pine, free from imperfections and thoroughly air-dry. Clear Louisiana red. 
Gulf cypress makes the most durable tanks. 

Staves and Bottom of tanks of greater capacities than 15 000 gal should be 
made of 2^-in, dressed to about 234 in, stock for tanks 12 ft and not exceeding 
16 ft diameter or 16 ft deep. For larger tanks 3-in, dressed to about 2$4 in, 
stock should be used. For smaller tanks 2-in stock may be used. Staves 
should be connected about one-third the distance from the top by a %-in 
dowel to hold them in position during erection. The bottom planks should be 
dressed on four sides, and the edges of each plank should be bored with holes 
not over 3 ft apart for %-in dowels. 

Taper. The batter to each side should not be less than 34 in nor more than 

J4 in P e r ft. 

Hoops should be of round wrought iron or mild steel of good quality. 
Wrought iron is preferable because it does not rust as easily as steel. There 
should be no welds in any of the hoops. Where more than one length of iron 
is necessary, lugs should be used to make the joints; and when more than one 
piece is necessary the several pieces constituting one hoop should be tied 
together in preparing for shipment. IIoops for fire-tanks should be of such 
size and spacing that the stress in no hoop will exceed 12 500 lb per sq in when 
computed from the area at root of thread. For general purposes, a stress of 
15 000 lb per sq in is permissible. On account of the swelling of the bottom 
planks, the hoops near the bottom may be subjected to a stress greater than 
that due to the water-pressure alone; additional hoops, therefore, should be 
provided. For tanks up to 20 ft in diameter, one hoop of the size used next 
above it should be placed around the bottom opposite the croze and not counted 
upon as with standing any water-pressure. For tanks 20 ft or more in diam¬ 
eter, two hoops, as above, should be used. Hoops with upset ends must not 
be used. The top hoop should be placed within 2 in of the top of staves, so 
that the overflow-pipe may be inserted as high as possible. Hoops should be so 
placed that the lugs will not be in a vertical line. No hoop should be less than 
$4 in in diameter. All should be cleaned of mill-scale and rust and painted 
one coat of red lead, lampblack and boiled oil before erecting. 

Note. The strength of a tank depends chiefly on its hoops. Round hoops 
are specified because they do not rust rapidly; a slight amount of rust dots 
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not have the same weakening effect as on a flat hoop, and round hoops are not 
likely to burst when the tank swells, as they will sink into the wood. 

Spacing of Hoops. The hoops should be spaced so that each one will 
have the same stress per square inch, and no space should be greater than 21 in. 
To meet this requirement the hoops must be spaced quite close together at 
the bottom, the space between them gradually increasing towards the top. 





Fig. 4. Diagram 

of Hoop-spacing Lugs should be as strong as the hoops. A lug similar to 

for Tanks Fig. 4 is simple and fulfils the requirement for strength. 

Malleable lugs are required. 

Support The weight of the tank should be supported entirely from its 
bottom; and in no event should any weight come on the bottom of the staves. 
The planks upon which the tank-bottom rests should cover at least one-fifth 
the area of the bottom, should be not over 18 in apart, and of such thickness 
that the bottom of the staves will be at least 1 in from the floor (see Fig. 5). 

The Discharge-Pipe should preferably leave the bottom of the tank at its 
center and extend up inside of the tank 4 in, to allow the sediment to collect 
in the bottom of the tank. 


Support for Bottom of Tank 
Fig. 5. Wooden Tank Details 

Fig. 4 shows the proper spacing of hoops for a tank 18 ft 
in diameter, with 18-ft staves. The spacing for seven 
other sizes of tanks is given in the pamphlet referred to. 
It may be computed by the following formula: 

Spacing of hoops in inches *=• ---— 

2 6 X aiameter in feet X II 

For strength of a 54 9-in rod use 3 750; of a Jg-in rod, 
5 250; of a 1-in rod, 6 875; and of a 1%-in rod, 8 625. 

II is the distance from surface of the water to center of 
hoop in feet. 

Example. How far apart should 1-in hoops % be placed, 
at 15 ft 2 in from top of tank, on a tank 20-ft diameter? 
6 875 

Solution. Spacing =* —-—-— « 8% in 

2.6 X 20 X 15 
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The Overflow-Pipe should be placed as near the top of the tank as possible, 
discharging either through side or bottom, as may be desired. An overflow 
is much to be preferred to a telltale, as the latter is liable to get out of 
order. 


Heating. Tanks of moderate size need to be provided with some means to 
prevent freezing. When a tank is in an enclosed room, as in a mill-tower, the 
best method is to keep the room warm by a coil of steam-pipe with a return to 
the boiler-room. A covered tank out of doors may often be similarly heated 
by placing the steam-pipe in the bottom of the tank. With a tank located on 
a high trestle, or at a distance from the steam-supply, it is often impracticable 
to arrange a return-pipe. In this case steam may be blown directly into the 
water in the tank. A 1-in pipe is generally sufficient for this purpose. It 
should be carried to the top of the tank and there bend over and dip down¬ 
wards, so that its outlet is about 1 ft below the high-water line. A check- 
valve should be placed in this steam-pipe, near its point of discharge, to pre¬ 
vent water being drawn back 


2 in horizontal nailing strips 
spaced about 3 ft apart.n 


by siphon-action when the 
steam is shut off. The water 
in fire tanks must be kept from 
freezing by means of a water- 
heater which either heats a coil 
in the tank, or circulates a 
current of water through the 
tank. 

Frostproofing for Pipes. 

The discharge-pipe from a tank 
on a trestle, or from one ele¬ 
vated above a roof, must be 
protected from freezing. The 
common practice is to enclose 
the pipe in a double, triple, or 

quadruple box made of boards 2'Thicknesses of tarred pape£ % in Tongued and 
and tarred paper, as shown ill around each box except outside, groove d sheathing . 
Fig. 6. If steam is supplied to _. * ,, , , „ * - - 

the tank, the steam-pipe is F «-«- Method of Frostproof Kpe. 

carried inside the box. In New 

England, New York State and Canada the quadruple boxing is generally 
used, whereas in the milder regions to the south triple or double boxing 
is used. The boxing should always be carried down into the ground below 
the frost-line, and a good tight joint made at the underside of the tank. 



Covers. For economy in heating and to prevent birds, leaves, etc., from 
getting into the water, all out-of-door tanks should be covered. A double 
cover is recommended consisting of a tight flat cover made of matched boards 
supported by joists which span the top of the tank, and above this a shingled, 
conical roof. To prevent the covering from being blown off, it should be 
firmly fastened to the top of the tank by straps of iron. In order to keep out 
the wind particular attention should be given to making a tight joint where 
the roof rests on the top of the staves. 

Scuttles should be arranged in both the conical and flat covers to give access 
to the inside of the tank and a substantial, permanent ladder erected to give 
easy access to the tqp of the tank. 
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Table XVIII. Dimensions of Tanks of Standard Sizes 



Pumps for Fire-Streams. The dimensions of steam-pumps for fire-pro¬ 
tection in buildings, approved by the Board of Underwriters, can be found in 
Table XIX. 
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Capacity of Standard Fire Pump Sizes. Plunger-diameter alone will not 
tell how many gallons per minute a pump can deliver, and it is not reasonable 
to continue the oldtime notion of estimating capacity on the basis of 100 ft 
per minute piston travel. 

Careful experiments on a large number of pumps of various makes at full 
speed show that in a new pump with clean valves, and an air-tight suction- 
pipe, and less than 15-ft lift, the actual delivery is only from lj^ to 5% less 
than plunger-displacement. This slip will increase with wear, and for a good 
average pump in practical use, probably 10% is a fair allowance to cover slip, 
valve leakage and slight short-stroke. 

Largely from tests, but partly from practical experience and recognizing 
that a long-stroke pump can run at a higher rate of piston travel in linear feet 
per minute than a short-stroke pump, and that a small pump can make more 
strokes per minute than a very large one, the speeds given in Table XIX have 
been adopted as standards in fire service for direct acting (non-fly-wheel) 
steam-pumps, which have the large steam and water passages herein noted. 

National Board of Fire Underwriters’ Suggestions for Centrifugal 
Fire-Pumps and Steam-Driven Pumps 

** The centrifugal pump is well adapted for driving by an electric motor 
or by a steam turbine, as the speed of the pump and the prime mover may 
readily be made the same, thus permitting direct connection. Whether or 
not the motor drive may be accepted in any case is largely a question of the 
reliability of the electric current in the event of a fire in the property itself 
or in adjoining buildings which might threaten the property. To make a 
motor-driven pump acceptable, the electric power supply should be as reliable 
as the steam-supply on the average property for the ordinary steam fire-pump. 
Each case must therefore be specially considered and decided upon its merits. 
Other methods of driving, such as the gasoline engine or the steam tur¬ 
bine, may be employed, and where reliable will be acceptable. 

“Pump equipment to be satisfactory shall furnish its rated capacity at the 
top sprinklers at a working pressure of at least 25 lb; when hose streams are 
to be supplied, the pump should furnish rated capacity at not less than 100 lb 
total discharge pressure, and at least 50 lb at the topmost 2j^-in standpipe 
outlet or most remote 2}^-in hydrant outlet, while water is being discharged 
through 50 ft of 2j^-in cotton rubber-lined hose, and lj^-in nozzle.” 

The six standard centrifugal pumps are the 500-gal, 750-gal, 1 000-gal, 
1 500-gal, 2 000-gal, and 2 500-gal sizes. The rated speed of those pumps 
will be about as follows: 


Electric-motor driven. 1 800 r.p.m. 

Steam-turbine driven. 2 500 r.p.m. 

Gasoline-engine driven. 1 600 r.p.m. 

Chain driven. 900 r.p.m. 


Steam-Driven Pumps. “ The boiler-power is that required for con¬ 
tinuous running at full speed and pressure. It is, however, often best to put 
in a larger pump than the existing boilers could drive at full capacity, as a 
small boiler will drive a 750-gal pump at the 500-gal speed with very nearly as 
much economy as it can drive a 500-gal pump at full speed. The pump then 
does not have to be changed when the plant is enlarged and the boiler-power 
increased. 

“It is proper to run fire-pumps at the highest speed that is possible without 
causing violent jar or hammering within the cylinders Considerations of 
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wear do not affect the brief periods of fire service or test, hence these speeds 
are greater than allowable for constant daily duty. 

“Am and vacuum-chambers in accordance with the sizes given in the fol¬ 
lowing table must be provided with all pumps. If the air-chamber is of cast 
iron, the pump manufacturer must warrant that it has been subjected to a 
hydraulic test of 400 lb per sq in before it is connected to the pump.” 

House Tanks. House tanks for large 
buildings may be divided into suction- 
tanks and storage-tanks. Suction- 
tanks may be either cylindrical and 
closed or rectangular and open. Stor¬ 
age or supply-tanks are generally rec¬ 
tangular and open, but provided with 
a cover. 

Cylindrical tanks are as a rule built 
with heads dished out. The radius of 
the dished heads is equal to the diam¬ 
eter of the tanks. 

For tanks up to 36 in in diameter the 
heads are made of steel He in thicker 
than the shell-plates. Tanks of from 36 to 96 in in diameter have heads 
H in thicker than the shells. Tanks of greater diameter than 96 in have 
heads H in thicker than the shells. 

Sometimes a cylindrical tank is made with one head dished in. When that 
is the case, for diameters up to 72 in, the dished-in head is made H in thicker 
than if it were dished out. For diameters from 72 to 96 in the dished-in head 
is increased in thickness H in. Above 96 in in diameter reversed heads 
should not be used. 

The force tending TO disrupt a cylindrical tank is the internal unit 
pressure acting over the diameter, or projected area, of the tank. Opposed 
to that force is the strength or thickness of metal in the two sides of the 
tank. 

The intensities of stresses in lb per sq in found in water towers are as 
follows: A tensile stress due to hydrostatic pressure at any vertical joint or 
section of the shell of a tank filled with water, 

S - 62.5 HD/(2 X 12 /) - 2.6 HDJt 

A compressive stress at any horizontal joint or section, due to the weight of 
the stack, 

S - WKtcD x 12 t) - 0.026 WfDt 

A stress at any horizontal joint or section, tensile on the windward side and 
compressive on the leeward side, due to the wind, 5* - 0.106 M /£>*/. In 
the above equation, II = height of tank in ft above section considered, 
D - diameter in ft, t » thickness of shell in in, W - weight of tank in lb, and 
M m bending moment in ft-lb. The conditions for overturning from wind 
are most severe when the tank is empty. 

Rectangular house tanks have condensation-pans usually of He h* steel, 
4 in deep, extending 6 in outside of the tank. A condensation-pan 4 in deep 
requires no top-edge stiffening. The tank is provided with an iron ladder 
and, if 6 ft or under, is generally made of H-ta plates; if from 6 to 8 ft deep, 
plates; from 8 to 10 ft deep, %-in plates. 

Tanks are elevated a distance of about 18 in by means of I beams resting 


Size of Vacuum and Air 
Chambers 


Capacity 
of pump, 
gallons 
per minute 

Vacuum- 
chamber 
is to 
contain 

Air- 

chamber 
is to 
contain 

500 

13 gal 

17 gal 

750 

18 gal 

25 gal 

1 000 

24 gal 

30 gal 

1 500 

30 gal 

40 gal 
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on the condensation-pan. This gives access to the bottom of the tank for 
painting and provides the necessary space for pipe-connections. 

House tanks should be painted both inside and outside with Bitumastic or 
some similar solution applied while hot. The condensation pan should be 
treated to a like coat to prevent rusting. 

Braces of 2}^ X H6-i n steel on edge are used as tie-rods to stiffen a rec¬ 
tangular tank and an angle iron is used as a top-edge stiffener. 


2 • Plumbing and Drainage 

Definitions of Terms 

House-sewer is that portion of the drainage system extending from the 
building line to the street-sewer. 

House-drain is the system of horizontal piping inside the building that 
extends to and connects with the house-sewer. All soil, waste and leader 
stacks, also yard, area and sometimes floor-drains are connected to the house- 
drain. 

Stacks are the vertical lines of soil, waste and vent-pipes which extend from 
the house-drain up to and through the roof. Up to the highest fixture on the 
line drainage pipes conveying fluids are either soil or waste-stacks. Above 
the highest fixture they become vent-stacks. 

Soil-stacks are the vertical lines which receive the discharge from water- 
closets. Soil-stacks may, and generally do, receive the discharge from other 
fixtures also, such as from lavatories, sinks or bath-tubs. 

Waste-stacks are the vertical lines which receive the discharge of fixtures 
other than water-closets. 

Vent-stacks receive no discharges. They supply the drainage system 
with air to prevent syphonage of traps, and relieve pressure within the system. 
A vent-stack accompanies every soil or waste-stack. The vent-stack is 
connected to the base of the accompanying stack by means of a “Y" below 
the lowest fixture, and to the upper part of the stack above the highest fixture 
by means of a “T" fitting, or it may extend independently through the roof. 
When a vent-stack is connected to a soil or waste-stack above the highest 
fixture discharging into the line, from that point to the roof the continuation 
is known as a vent-stack. 

Soil-pipe is the system of piping at the various floors which connects 
water-closets to the soil-stack. 

Waste-pipe is the system of piping at the various floors which connects 
fixtures other than water-closets to the soil or waste-stack or to a soil-pipe. 

Vent-pipe is the system of piping at the various floors which connects the 
soil or waste-pipe to the corresponding vent-stacks. 

Traps. A trap is a device which permits the free passage of liquids through 
it, and also of any solid matters that may be carried by the liquid, while at the 
same time preventing the passage of air or gas in either direction. Traps 
used for plumbing purposes are shaped so that an amount of water sufficient 
to close the passage and prevent the passage of air will stand in them at all 
times. The principle of the common trap is shown in Fig. 7. The pipe T 
receives the waste from a sink or lavatory, while the lower end B connects 
with the drainage system. Sewer-gas rises in pipe B , but is prevented from 
passing to the fixture by the water which stands in the trap. The depth of 
water through which gas must pass to effect a passage is termed the water- 
seal. The water-seal in the trap, Fig. 7, is the distance S. All plumbing- 
pipes which connect with a drainage-system require to be trapped to prevent 
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sewer-gas fiom passing through them into the room in which the fixture is 
located. 

Ventilation of Traps. When a considerable volume of water rushes 
down a pipe it forms a suction, and if the pipe h made air-tight, this suction 




is often sufficient to prevent enough water remaining in the trap to form a seal, 
thus leaving an opening for the passage of sewer-gas, as in Fig. 8. By con¬ 
necting the upper bend of a trap with the outside air by means of a pipe, as at 
V, Fig. 7, syphonic action will be broken, and the water in the pipe T will 
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not fall below the level of the outlet at b. There are also several varieties of 
back-pressure traps, designed to prevent the sewage from flowing back into 
the house-drain. These are in the nature of check-valves, and are used prin¬ 
cipally in seaport-towns where tide-water might possibly force the sewage 
back. 

The more common shapes of lead traps used in plumbing, with their trade 
names, are shown in Fig. 9. The same shapes are also made of cast iron and 
brass. The pipes marked V are the vent-connections. The traps for water- 
closets are commonly formed in the fixture. 

Drainage System 

The various parts of a drainage system are shown in Fig. 10. That portion 
of the horizontal drain extending from the street-sewer to within a few feet 
of the foundation wall of a building is the house-sewer. Continuation of 
this horizontal drain within the building is the main house-drain. Just 
inside of the foundation wall is the main drain-trap and a fresh -air 
inlet leading to the atmosphere outside. 
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Materials for the Drainage System. The drainage system is made up of 

CAST-IKON SOIL-PIPE, GALVANIZED WROUGHT IRON, STEEL OT LEAD PIPE. 
Lead pipe is now used principally for short connections between water- 
closets and soil-pipe. Sometimes it is used for other fixture connections. 
The lead pipe usually used in a drainage system is known as D pipe, and has 
the following weights per linear foot: 

Table XX. Weight of Lead Pipe 


Inside diameter 
of pipe 

Weight 
per foot 

lj^-in pipe 
l’^-m pipe 

2- m pipe 

3- m pipe 

4- in pipe 

2Vg pounds 

3 pounds 

4 pounds 

6 pounds 

8 pounds 


Cast-iron soil-pipe is commonly used for the house-drain, stacks of 
soil, waste, vent, and leader-lines in buildings of moderate height. In the 
tall steel skeleton type of building, cast-iron soil-pipe is used for all under¬ 
ground work, and galvanized iron or steel pipe with recessed drainage fittings 
for the soil, waste, and leader-stacks. Ordinary galvanized fittings are used 
on the vent-stacks. 

Cast-iron hub and spigot-pipe is made in two grades or weights, known as 
standard and extra heavy. Extra heavy soil-pipe is used in the better 
grade of buildings. The weights of various sizes of soil pipe and their fittings 
are given in Table XXI. 

Standard-weight galvanized wrought iron or steel pipe is also used for 
drainage-pipe. 

Proportions of the Drainage System. The main house-drain and the 
house-sewer are preferably of one size. In cities having plumbing laws or 
regulations, the size of house-drain is given in the code. Where there are no 
regulations the house-sewer and house-drain are determined by the volume 
of sewage to be handled. 

When rain-water discharges into the drainage-system the volume of rain¬ 
water is so much greater than the volume of domestic sewage that ordinarily 
if the sewers are large enough to take care of the rainfall they will be big 
enough for domestic purposes. In exceptional cases the domestic sewage 
might have to be added to the rainfall in determining the volume of liquid 
to be cared for. It is seldom that rain falls at a greater rate than 6 in per 
hour, and that for a period not longer than ten minutes at a time. 

Table XXII gives the precipitation in various parts of the United States. 
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Table XXI. Approximate Weight in Pounds of Soil Pipes and 
Fittings 


Grade Standard 


Size, inches .. 

2 

3 

4 

5 

6 

8 

10 

12 

Pipe, per length 









of 5 ft .. 

18 

26 

35 

45 

55 

85 

115 

165 

Quarter bends.. 

4 4 

7 

1033 

13 

16 H 

33 

54 

584 

Sixth bends. 

4 

64 

9 

114 

14 

30 

39 

48 

Eighth bends. . 

34 

6 

84 

103a 

13 

24 

38 

42}* 

T-branch 

7 

11 

144 

184 

23 

33 

42 

102 

Sanitary-T. 

74 

12 

16 

20 

24 

49 

100 


Crosses ... 

932 

14 

19 

234 

284 

40 

70 

100 

Sanitary cross.. 

10 

1533 

2033 

253-3 

314 

52 



Y-branch... 

74 

12 

17 

22 

28 

58 

106 

158 

Half Y-branch. 

7 

11 

15 

19 

24 




Double Y-branch 

103-3 

16 

224 

30 

363 i 

77 

121 


Double hubs .. 

4 

5% 

74 

9 

104 

16 

21 

35 

S-traps .. 

833 

14 

21 

284 

3733 

94 



P-traps. 

7 

12 

1733 

243 i 

3133 

80 



Running-traps.. 

84 

134 

194 , 

26 

34 

54 



Reducers . 


44 

0 

74 

9 

18 

2133 

28 


Extra-heavy 


Size, inches.. 2 

Pipe, per length 

of S ft. 27 

Quarter bends... 6% 

Sixth bends 6 

Eighth bends . 5J^ 

T-branch. IQh 

Sanitary-T . 11 

Crosses. . . . 133-^ 

Sanitary cross . 143-1 

Y-branch .... 11 

Half Y-branch. 10^ 
Double Y-branch 14*<; 
Double hubs . 5% 

S-traps . 12 

P-traps 103-1 

Running-traps.. 11 ^ 

Reducers. . . 


26 4 323 
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Table XXn.* Intensity of Rainfall 


Locality 

Maximum 
rate in 
feet per hour 
for 

5 minutes 

Rate of downfall in inches per 
hour for 

5 minutes 

10 minutes 

60 minutes 


Ft 

In 

In 

In 

Bismarck, S. D. 

.75 

9 00 

6.00 

2 00 

St. Paul, Minn 

.70 

8.40 

6.00 

1.30 

New Orleans, La. 

.68 

8 16 

4 86 

2.18 

Milwaukee, Wis. 

.65 

7 80 

4 20 

1.25 

Kansas City, Mo 

.65 

7 80 

6 60 

2 40 

Washington, DC.. 

63 

7.50 

5,10 

1 78 

Jacksonville, Fla. 

62 

7 44 

7 08 

2.20 

Detroit, Mich.. 

.60 

7 20 

6 00 

2 15 

New York City. . .. 

.60 

7 20 

4 92 

1 60 

Boston, Mass. 

56 

6 72 

4 98 

1 68 

Savannah, Ga.. 

55 

6.60 

6 00 

2 21 

Indianapolis, Ind. 

.55 

6 60 

3 90 

1 60 

Memphis, Tenn . 

.55 

6 60 

4 80 

1 86 

Chicago, Ill . 

55 

6 60 

5 92 

1 60 

Galveston, Tex... 

.54 

6 48 

5 58 

2 55 

Omaha, Neb. 

.50 

6.00 

4 80 

1.55 

Dodge City, Iowa. . 

50 

6.00 

4 20 

1 34 

Norfolk. Va. 

.48 

5.76 

5 46 

1.55 

Cleveland, Ohio . 

.47 

5.64 

3 66 

1.12 

Atlanta, Ga.... 

.46 

5.46 

5 46 

1 50 

Key West, Fla. . . 

.45 

5 40 

4 80 

2.25 

Philadelphia, Pa.... 

45 

5.40 

4 02 

1 50 

St. Louis, Mo. 

.40 

4 80 

3.84 

2 25 

Cincinnati, O. 

.38 

4.56 

4 20 

1.70 

Denver, Col. 

.30 

3.60 

3 30 

1 18 

Duluth, Minn,. 

.30 

3.60 

2.40 

1.35 


* Compiled by the Weather Bureau from records covering a long term of years. 


In Table XXIII can be found the areas of roof or other pitched surface 
that can be cared for by house-drains of various diameters laid at given 
grades. The areas given are conservative. 

Table XXIII. Size of House-Drains 


Diameter 
of drain, 
inches 

Areas the pipes will drain 
when laid at grades of 

H inch per foot 

inch per foot 


1 200 sq ft 

1 500 sq ft 


2 500 sq ft 

3 200 sq ft 


4 500 sq ft 

6 000 sq ft 


8 000 sq ft 

10 000 sq ft 


12 400 sq ft 

15 000 sq ft 

8 

18 000 sq ft 

22 500 sq ft 


25 000 sq ft 

31 500 sq ft 


41 000 sq ft 

59 000 sq ft 


69 000 sq ft 

98 000 sq ft 
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When the volume of sewage added to the rainfall is large, the size of house- 
sewer and house-drain can be determined by this empirical rule: 

Rule. Allow 1 sq in in sectional area of the drain for each 2 cu ft or 
15 gal of sewage to be discharged per minute. 


Table XXIV. Carrying Capacity of Sewer-Pipe 

Gallons per minute 


Size of 




Fall per 100 ft 




pipe, 

in 

1 in 

2 in 

3 in 

6 in 

9 in 

1 ft 

2 ft 

3 ft 

3 

13 

19 

23 

32 

40 

46 

64 

79 

4 


38 

47 

66 

81 

93 

131 

163 

6 


105 

129 

183 

224 

258 

364 

450 

8 

153 

216 

265 

375 

460 

527 

750 

923 

9 

205 

290 

355 

503 

617 

712 

1 006 

1 240 

10 

267 

378 

463 

755 

803 

926 

1 310 

1 613 

12 

422 

596 

730 

1 033 

1 273 

l 468 

2 076 

2 554 

15 

740 

1 021 

1 282 

1 818 

2 224 

2 464 

3 617 

4 467 

18 

1 168 

1 651 

2 022 

2 860 

3 508 

4 045 

5 704 

7 047 

24 

2 396 

3 387 

4 155 

5 874 

7 202 

8 303 

11 744 

14 466 

27 

4 407 

6 211 

7 674 

10 883 

13 257 

15 344 

21 771 

26 622 

30 

5 906 

8 352 

10 223 

14 298 

17 714 

20 204 

28 129 

35 513 

36 

9 707 


16 816 

23 763 

29 284 

33 722 

47 523 

58 406 


Table XXV. Quantities of Cement, Sand and of Cement Mortar 
for Sewer-Pipe Joints 


Prepared by J. N Hazlehurst 

For each 100 ft of sewer (with Portland cement, 375 lb net per bbl) 
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Rain-Leaders are preferably not smaller than 2]^ in in diameter. Smaller 
pipes are liable to clog with leaves. They are never larger than 8 in in diam¬ 
eter, for when an area requires a large leader it is better to provide several 
leaders of smaller diameters. 

Size of Leaders. The Barrett Company, from their extensive experience 
in roofing, sum up their conclusions in the two following paragraphs and 
Table XXVI of leader sizes: 

“For roof-areas of more than 4 000 sq ft, it is considered the best practice 
to drain to different points, using smaller leaders, rather than to one outlet 
of larger size, although in some cases the arrangement of leader-lines makes 
the latter method compulsory. 

“A standard table not always being available, an easy and reliable formula 
to use is as follows: For roofs covered with gravel or slag, with an incline not 
exceeding in per ft, allow 300 sq ft of roof-surface to each square inch of 
leader opening; for roofs of greater incline or saw-tooth roof-construction, 
allow 250 sq ft of roof-surface to each square inch of leader opening; for 
metal, tile, slate or similar roofs of any incline, allow 200 sq ft of roof-surface 
to each square inch of leader opening. Table XXVI can be depended upon 
in estimating roof drainage, it being based on the heaviest storm conditions 
recorded.” 


Table XXVI. Size of Leaders 



Diameter of leader in inches 

Kind of roof 


3 

4 

5 

6 

8 


Square feet the leader will drain 

Covered with gravel, slag 

1 800 

1 800 

2 200 

3 600 

5 600 

8 000 

or other similar material 


to 

to 

to 

to 

to 

with incline ^ in in 1 ft 


2 200 

3 600 

5 600 

8 000 

14 000 

Same, with incline M in or 

1 200 

1 200 

1 700 

3 100 

4 900 


more in 1 ft, and saw¬ 


to 

to 

to 

to 

to 

tooth 


1 700 

3 100 

4 900 

7 000 


Metal, tile, slate or similar 
roofs of any incline 

1 000 



2 500 
to 

3 900 

3 900 
to 

5 600 

5 600 
to 

10 000 


Table XXVII. Areas of Pipes 


Diameter of pipes in in. .. 

2 

2H 

3 

4 

4 y 2 

5 

Areas of pipes in sq in. . 
Areas of pipes in sq ft 

3 14 
.022 

4 9 
.034 

7 06 
.OS 

12.57 

.087 

15.9 

.11 

19.63 

.136 

Diameter of pipes in in.. 

6 

7 

..... 

8 

9 

10 

12 

Areas of pipes in sq in.. 
Areas of pipes in sq ft... 

28.27 

.196 

38 48 
.266 

50.25 

.35 

63.61 

.44 

78.54 

.54 

113.1 
.785 
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In the densely built-up districts of many cities the public sewers are over¬ 
taxed during heavy rainstorms, and water from the sewers backs up into the 
lower floors of the building through the plumbing fixtures. It is well, there¬ 
fore, when planning the plumbing for a large building of any kind subject to 
this flood condition, to discharge all fixtures on the ground floor as well as 
those at a lower level into a sewage ejector. If for any reason this cannot 
be done, a back-water trap should be installed in the main house-drain, 
and a quick-closing lever handle valve installed next to the back-water trap 
so it can be shut in case of threatened flood. 

Materials for Industrial Wastes. In chemical laboratories, chemical works, 
storage-battery rooms, dye-works and in buildings used for other industrial 
purposes, the waste fluids are often of such a nature that they will corrode 
and destroy in a very short time the usual materials of a drainage system. 

There are three chemical-resisting materials on the market made up into 
pipe and fittings with which a drainage system can be installed. They are 
high-silicon cast-iron pipe and fittings; Tiber conduit; and indurated 

RUBBER. 

Duriron is a commercial example of high-silicon pipe. It is a cast metal, 
extremely hard and close grained. Owing to its high percentage of silicon, 
14.5%, Duriron is very brittle, taking on some of the properties of glass, so 
it has to be worked and handled with care. Even when calking, the danger 
of cracking a hub is great unless the lead is calked with great care. The pipe 
is easily cut with an ordinary pipe-cutter. Duriron soil-pipe and fittings can 
be had in all sizes of ordinary extra-heavy cast-iron pipe; also a special size 
\ l A in in diameter with fittings to match may be had. The pipes are put 
together with a lead-calked joint, but instead of oakum, asbestos rope is used 
as a packing Duriron floor-drains, sinks, vats, kettles and other acid- 
resisting containers are also made. High-silica pipe and fittings will resist 
all commercial acids, but will not withstand the destructive effect of sodas or 
other alkalies 

Lead pipe has been used to some extent for acid wastes, as have also lead- 
lined iron pipes. Lead is suitable for only a few acids, however, and there is a 
weak spot at every joint of lead-lined iron pipe and where lead pipes are 
joined, unless the lead is burned, not soldered. Concentrated nitric acid will 
completely dissolve lead pipe in a short time, while concentrated hydrochloric 
acid will destroy lead pipe in a couple of years. 

Fiber conduit, made up in the form of pipe and fittings, is used in chemical 
laboratories and industrial works where both add and alkaline wastes have 
to be taken care of. The fiber conduit is resistant to almost every waste 
encountered in industry. 

Indurated rubber is made up in the form of pipe, fittings and valves. 
There are many places where rubber supply-pipes, pumps and wastes are 
preferable to either metal or fiber conduits. 


Water Consumed in Buildings 

Estimate of Water Needed. If the amount of water that would be 
required in a new building were known, it would be a simple matter to pro¬ 
portion the piping to supply the necessary quantity. As a guide in estima¬ 
ting the water-supply for a building the following tables will prove helpful. 
In Table XXVIII is given the average amount of water used per day in several 
well-known New York hotels and office-buildings. The cubes of the build¬ 
ing are given, the number of occupants and the number of plumbing fixtures. 



Table XXVm. Consumption of Water in Hotels and Office 
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Number of employees assumed, allowing one employee to three guests. 
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In the case of hotels, the cube seems to bear no relation to the water-con¬ 
sumption. nor does the number of fixtures installed. The number of occu¬ 
pants bears a reasonable relation, however, the water-consumption in one 
of the hotels listed averaging 225 gal per occupant per day, while the average 
daily consumption in the second hotel was approximately 250 gal per occu¬ 
pant per day. In both of the hotels steam turbine generators were installed 
which required water for condensation. As 20 to 30 gal of water are required 
to condense 8)^ lb of steam, the per capita consumption would be cut down 
considerably where current is obtained from the public service corporation. 

In the case of the two office-buildings tabulated, each having the same ten¬ 
ancy, there is seemingly a great difference in the amount of water consumed 
per day. However, while both buildings have a large number of non-tenants 
visiting them daily, the Woolworth has the larger number because of its law 
school and sight-seers. These swell the total water-consumption. 

The Municipal Building shows up even better than the Woolworth the dif¬ 
ference in the water-consumption due to tenants, and that due to callers. The 
Municipal Building has only two-thirds the tenants of either of the two other 
buildings, still the water-consumption is much greater. This is largely due 
to the number of people having business with the City Departments who flock 
to the Municipal Building every day throughout the year. 

When an office-building is erected it is impossible to foretell what the occu¬ 
pancy will be, therefore the water-supply must be large enough to take care 
of the maximum demand. 

In some of the larger cities the quality of the water supplied is such that 
TUB CIRCULATION takes place inside of the pipes, or there may be corrosion 
and a partial clogging from rust. In such localities an additional area must 
be provided in the water-pipes to allow for loss of capacity, or pipes of mate¬ 
rials that will not be affected by the water must be used. 

The monthly totals of water consumed do not vary much in large build¬ 
ings throughout the year. This is shown by Table XXIX, giving the water- 
consumption for one year in the Woolworth Building and the Municipal 
Building. Readings in the Municipal Building were taken three times a 
month, approximately every ten days. 

More important than the daily, monthly or yearly consumption of water, 
from a pipe-size standpoint, is the hourly rate of flow of water. It is 
found in large office-buildings that there are two periods of excess consump¬ 
tion. One is from 9:00 to 10:00 a.m., just after the tenants arrive; the other 
during the noon-hour. In the Municipal Building it was found that the 
average daily consumption of water was 33 965 cu ft, while the hourly con¬ 
sumption between 9:00 and 10.00 a.m. was 1 690 cu ft, or about one-twen¬ 
tieth the average daily consumption. 

The water-supply for a building must be proportioned to take care of the 
maximum demand while at the same time maintaining a reasonable reserve 
capacity for a still further demand. When considering the maximum demand 
the occupancy of a building must be considered. A study of the foregoing 
tables will show that in two buildings of the same class having an equal num¬ 
ber of tenants, the difference in occupancy increased the water-consumption 
over 66% in one building, while compared with a public building the differ¬ 
ence in consumption was almost as 1 to 7. 

Supply-Pipes. The materials best suited for water supply-pipes can be 
determined only in the localities where they are to be installed. No set rule 
or law can be laid down that will be right in all cases. There are some locali¬ 
ties where lead pipes are destroyed in a very short time on account of the 
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chemical composition of earth or water. In other localities brass pipes will 
not stand up under use. Still other localities are extremely hard on iron and 
steel whether galvanized or plain. The only rule therefore is the law of 
experience. Brass and galvanized wrought-iron or steel are the materials 
commonly used. Lead pipe is used in some localities, while block-tin pipe is 
used for soda-fountain work, beer pump-lines and for conducting chemical 
preparations in industrial plants. 


Table XXIX. Monthly Water-Consumption of Buildings 



Consumption of water 
in cubic feet 


Consumption of water 
in cubic feet 

Month 

Wool- 

worth 

Municipal 

Building 

Month 

Wool- 

worth 

Municipal 

Building 


Building 

Every 
10 days 

Total for 
month 


Building 

Every 
10 days 

Total for 
month 

Jan. 

618 000 

314 670 
266 830 
289 290 

870 790 

July 


364 130 
342 750 
355 400 

1 062 280 

Feb. 

687 000 

290 900 
350 260 
223 410 

864 570 

Aug. 


334 980 
329 700 
393 160 

l 057 840 

Mar 


328 520 
292 330 
386 180 


Sept. 


320 240 
374 190 
364 290 

1 058 720 

April 

718 000 

304 290 
337 560 
327 810 

969 660 

Oct 


352 800 
352 890 
346 540 

l 052 230 

May 


385 010 
346 080 
407 170 

1 138 260 

Nov. 


306 200 
392 490 
392 650 

1 091 340 

June 


384 550 
340 900 
268 270 

993 720 

Dec. 


296 900 
351 980 
361 560 

1 010 440 


Designation of Lead Pipe. The different thicknesses of lead pipe were 
formerly designated by letters as in Table XXXI, but are now more commonly 
designated as in Table XXX, which may be considered as generally accepted 
by dealers. 

Coils of supply-pipe weigh about 200 lb; aqueduct about 90 lb; suction- 
pipe, 100 to 180 lb each. 

Block-tin pipe is stronger for a given weight per foot than lead pipe or tin- 
lined lead pipe. As compared with lead pipe its strength is as to 1. 

Tin-lined and lead-lined iron pipe is made with inside diameters of t 
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Table XXX. Weights and Sizes of'Lead Pipe 


Caliber 

Weight per 
foot 

Caliber 

Weight per 
foot 

lb 

oz 

lb 

oz 

M-m Tubing 


6 

VA-in Aqueduct 

3 


Pish seme . 

1 

4 

Extra light. . . 

3 

8 

H-in Aqueduct . 


8 

Light .. . 

4 


Extra light 


9 

Medium . 

5 


Light .... .. 


12 

Strong,. . . 

6 


Medium.. 

1 


Extra strong 

7 

8 

Strong . .. 

1 

8 

Extra extra strong 

9 


Extra strong 

2 


13^-in Extra light. 

3 

12 

A-\ti Aqueduct 


10 

Light . . 

4 

8 

Extra light. 


12 

Medium... 

5 

8 

Light 

1 


Strong.. 

6 

8 

Medium... 

1 

4 

Extra strong. 

8 


Strong.... 

1 

12 

2 -in Waste. 

3 


AA 

2 


Extra light .. 

4 


Extra strong. 

2 

8 

Light . 

5 


Extra extra strong 

3 


Medium .. 

7 


M5-in Aqueduct- 


12 

Strong . . . 

8 


Extra light . . 

1 

4 

Extra strong 

9 


Light 

1 

12 

Extra extra strong 

10 

8 

Medium. 

2 


21 ^-in Waste. 

4 


Strong. 

2 

8 

Light. . . 

6 


Extra strong 

3 


Medium, Me thick 

8 


Extra extra strong 

3 

8 

Strong, thick . 

11 


$<£-in Aqueduct.. . 

1 


Extra strong, Me 



Extra light . 

1 

8 

thick . . . 

14 

* 

Light . . 

2 


Extra extra strong, 



Medium. 

2 

4 

H thick. . . 

17 


Strong. . 

3 


3-in Waste. 

4 


Extra strong. 

3 

8 

Light . . . 

6 

% ' 

Extra extra strong 

4 


Medium, Me thick 

9 


%-m Aqueduct. 

1 

8 

Strong, A thick 

12 


Extra light.... . 

2 


Extra strong. Me 



Light. 

2 

8 

thick. » . . 

16 


1 -in Aqueduct. . . 

1 

8 

Extra extra strong, 



Extra light. 

2 


% thick. . . 

20 


Light. 

2 

S 

3,Vg-m Waste.... 

5 


Medium. 

3 

4 

Strong, thick. » 

15 


Strong. 

4 


Extra strong. Me 



Extra strong. 

4 

12 

thick. . . 

18 


Extra extra strong 

5 

8 

4-in Waste . 

5 


l)^-in Aqueduct. . . 

2 


Medium. . 

10 


Extra light.... 

2 

8 

Strong, thick. 

16 


Light. 

3 


Extra strong, M* 



Medium. 

3 

12 

thick. . . . 

22 


Strong. 

4 

12 

Extra extra strong. 



Extra strong. 

6 


% thick. 

25 

. . X . 

Extra extra strong 

6 

12 * 

5-in Waste. 

6 

. .»* 


and 2 in* and in 10-ft length*, threaded without couplings. Tin-lined 
and lead-lined fittings are also made. 
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Weights and Sizes of Sheet Lead 


Thickness, in. 

M 4 

Ho 

Me 

Me 

full 

H4 

Hi 


H 

M 

H 

full 

X 



Lb per sq ft. . 

2 H 

3 

3^ 

4 

5 

6 

8 

10 

12 

14 

16 




Table XXXI. Thickness and Strength of Lead Pipes 



Water Required for Various Purposes. For sprinkling 100 sq ft of lawn, 
about 1 cu ft, or 7 to 8 gal. For soaking 100 sq ft of lawn, about 2% cu ft, or 
from 15 to 16 gal. 

To flush closets, 5 to 6 gal at each flush. The actual rate of discharge from 
water-closets is about 1^£ gal per second. To fill the bowl of an ordinary 
lavatory, about lj^ gal. To All a bath-tub, about 20 gal. Only about 8 gal 
are used for a bath. 
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Table XXXII. Weight and Sizes of Pure Block-Tin Pipe 


Size inside 
diameter, 
in 

Weight per foot, 
oz 

Size inside 
diameter, 
in 

Weight per foot, 
lb 

Ma 

4 

X 

9. 12, 16 

X 

4, 5, 6 

l 

12, 16 

Me 

4, 5, 6. 8 

IX 

20, 28 

H 

4, 5, 6, 8 

IX 

24 and upwards 

X 

5, 6, 8, 10 

2 

32 and upwards 

% 

9, 12, 16 




The consumption of water by farm animals varies greatly, depending upon 
the season of the year, the age and individual habits of the animals. The 
following can be accepted as extremes: Horse, 5 to 10 gal per day; cattle, 7 
to 12 gal per day; hogs, lj^ to gal per day; sheep, 1 to 2 gal per day. 

For mixing concrete 6 to 8 gal of water are required for each 94-lb sack of 
cement. 

Each developed boiler horse-power requires 34.5 lb or 4.1 gal of water. 

Compound engines will develop an engine horse-power on 15 lb of water 
evaporated to steam. 

Single condensing engines will develop an engine horse-power on 18 to 22 
lb of water. 

Automatic non-condensing engines will develop an engine horse-power on 
28 to 32 lb of water. ’ 

A side-valve throttle-governing engine will develop an engine horse-power 
on lb or 1 cu ft of water. 

Locomotives average a consumption of 3 000 gal of water for every 100 
miles 

Forty to 60 lb of condensing water are required for each lb of steam con¬ 
densed to moderate temperature; 60 to 100 lb of water per lb of steam when 
the water used is at the higher temperature common to cooling-tower practice. 

Consumption of water in military camps is about 10 gal per capita daily. 

Equation of Pipes. In a water-supply distributing system numerous 
branches are taken off from the main lines. The question which rises con¬ 
stantly is, “How many branches can be supplied by the main? The num¬ 
ber can be determined by Table XXXIII. 

The statement is often made that doubling the diameter of a pipe increases 
its capacity four times. That statement, however, is only partly true. At 
the same velocities of flow, doubling the diameter of a pipe increases its capac¬ 
ity four times. But the same head or pressure will produce different veloci¬ 
ties in pipes of different sizes or lengths, and doubling the diameter of a pipe 
when the pressure remains constant increases the capacity of the pipe almost 
six times. 

In Table XXXIII figures above the diagonal line refer to standard-weight 
wrought-iron and steel pipes, the diameters of which vary a little from the 
actual diameters given. In the lower part of the table the figures refer to 
pipes of the actual sizes given. Extra strong and double extra strong pipes 
have smaller bores than those of standard wrought-iron pipes. The outside 
diameters of all pipes of corresponding sizes are the same for threading 
standardization. As the walls of the extra strong and double extra strong 
pipes are thicker, the pipe bores are of necessity smaller. 
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Table XXXHL Proportioning Mains and Branches 

Diameters of .standard water steam and gas pipes 
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Table XXXHI (Continued). Proportioning Mains and Branches 


Diameters of standard water 6team and gas pipes 
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Use of Table XXXm. The table is used in the following manner. If it is 
desired to know the number of %-in pipes that will equal in discharging 
capacity a 2-in pipe, glance down the column headed 2 to the intersection of 
the line in the first column marked This shows that it requires fourteen 
5^-in pipes to equal one 2-in pipe. 

To find the number of pipes of one size that equal the discharging capacity 
of another in the lower part of the table, follow down the column the size of 
the smaller pipe until it intersects the line of the larger one. Thus, to find 
the number of 2-in pipes that equal in discharging capacity a 10-in pipe, 
follow down the column marked 2 to where it intersects the line marked 10 
and it will be found that 80.4 2-in pipes are equal to one 10-in pipe. 

In like manner the size of main required to serve several branches of differ¬ 
ent sizes can be determined. Suppose it is necessary to find the diameter of 
main that will serve one 2-in, one 3-in and one 4-in pipe. Use the capacity 
of the smallest pipe as a measure Then, one 2-in pipe has the capacity of one 
2-inch pipe; one 3-in pipe has the capacity of 3.06 2-in pipes; one 4-in pipe 
has the capacity of 6.47 2-in pipes. The combined capacity of the pipes 
equals 10.53 2-in pipes. From the table it is found that a 5-in pipe has the 
capacity of 11.9 2-in pipes, so would be more than large enough to serve all 
the branches. 

Hot-Water Supply. Gas, steam and coal are generally used for heating 
water. In the larger buildings steam is used. In medium-sized buildings 
coal heats the water. In residences gas is generally the fuel for water-heating; 
it is also being used to an increasing extent in hotels and office-buildings of 
medium size. 

The consumption of hot water in large office-buildings is not so large as 
might be expected. In the Equitable Building of New York City, having a 
tenancy of 12 000 people, the average monthly consumption does not vary 
much from about 15 000 cu ft. That is at the low rate of 1.25 cu ft or 9.35 
gal per person per month, a little over 1 qt per day. The water is heated, 
nowever, to a temperature of 120° F. Water of 100° is as hot as can comfort¬ 
ably be used, so to cool 9.35 gal of 120° water to about 100° would require the 
admixture of 6}^ gal of 60° water. That would give each tenant almost 16 
gal of hot water for a working month of about 24 days. To heat this water 
requires 480 000 lb of steam, or 1 lb of steam for every 2 lb of water heated. 

In the following tables are given, respectively, the hot water consumed 
daily for one week and the gas required to heat the water in a hotel-building 
and in several apartments. The data are obtained from meter readings by 
the American Gas Association. 

Boiling-Point of Water. The temperature at which water boils varies 
with the pressure. In a vacuum of one pound absolute pressure water boils 


Table XXXIV. Water-Heating Data for Office-Buildings 


System 

Fixtures 

Monday to Friday, 
inclusive 

Ordinary 

day 

Entire 

week 

31-section boiler; 

250 hot- 

Hot water used, gal. 

6 395 

35 200 

Thermo control; 

water 

Gas consumed, cu ft. 

11311 

69 200 

1 000-gal stor¬ 

fixtures 

Temperature rise, deg. F.. 

65.6 

65.8 

age; instanta¬ 


Temperature of water de¬ 

135.9 

136.8 

neous hot-water 


livered . 



service boiler 


Cu ft gas per gal. 

1.76 

1.96 
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Table XXXV. Water-Heating Data—Apartments 


Apartment No. 1 


Building 

System 

Hot-water 

fixtures 

Six-story, basement and cellar. 
Two-room and bath per story 

Six-section hot-water boiler; 
220 -gal tank circulating system 

12 baths, 

12 basins 


Consumption per day 

Maxi¬ 

mum 

Mini¬ 

mum 

Entire 

week 

Hot water used, gal. 

Gas consumed, cu ft. 

Temperature rise, deg F. 

Temperature of water delivered, deg. F. 

Cu ft gas per gal. 

405 

1 300 

75 

125 

3.2 

339 

1 169 

76 

124 

3.4 

2 437 

8 300 

75.6 

124.4 

3.4 

Apartment No 2 

Building 

System 

Hot-water fixtures 

Six-story and base¬ 
ment. Twelve 9- 
room apartments 

Eleven-section hot- water boiler; 
Thermo control, circulating 
system, 250-gal tank 

25 baths 13 basins 

11 showers 12 sinks 

26 laundry tubs 

53 people 


Consumption per day 

Maxi¬ 

mum 

Mini¬ 

mum 

Entire 

week 

Hot water used, gal .... 

Gas consumed, cu ft. 

Temperature rise, deg F .. . . 

Temperature of water, deg. F. 

Cu ft gas per gal. . . 

3 000 

4 700 

93 

132 

1.56 

2 485 

4 050 

91 

131 

1.63 

17 910 

29 000 
91.5 
131 

1.62 


at a temperature of 102.018° F. At 15.31 lb gauge pressure, water boils at 
250.293° F. The relation between the boiling temperature of water and the 
pressure is absolute; pressure cannot be increased without increasing the tem¬ 
perature, nor can the temperature of the boiling-point of water be increased 
without increasing the pressure. 

The temperatures and corresponding pressures of boiling water can be 
found in Table XXXVI. 

Expansion of Water. When water at or above the temperature of 39.1° F. 
is heated it increases in volume. The temperature 39.1° F. is known as the 
point of maximum density. When the water is at a lower temperature the 
application of heat causes it to contract and decrease in bulk, and the with¬ 
drawal of heat causes it to expand and increase in volume. 
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Table XXXVI. Boiling-Point of Water 


Absolute 

pressure 

in 

pounds 

per 

square 

inch 


Boiling- 
point 
of water, 
deg. F. 


Ratio of volume 
of steam to 
volume of equal 
weight of 
distilled water 
at temperature 
of maximum 


Absolute 

pressure 

in 

pounds 

per 

square 



102 018 

20 623 


126.302 

10 730 

■ 

141.654 

7 325 

I 

153.122 

5 588 

5 

162.370 

4 530 

6 

170 173 

3 816 

7 

176.945 

3 302 

8 

182 952 

2 912 

9 

188 357 

2 607 

10 

193 284 

2 361 

11 

197 814 

2 159 

12 

202.012 

1 990 

13 

205.929 

1 845 

14 

205 604 

1 721 

14.69 

212.000 

1 646 

15 

213.067 

1 614 

16 

216.347 

1 519 

17 

219.452 

1 434 

18 

222.424 

1 359 

19 

225.255 

1 292 

20 

227 964 

1 231 

22 

233 069 

1 126 

24 

237.803 

1 038 

26 

242.2 25 

962 

28 

246 376 

897 

30 

250. 293 

841 

32 

254.002 

791 

34 

257.523 

748 

36 

260 833 

708 

38 

264.093 

673 

40 

267 168 

642 

42 

270.122 

613 

[ 44 

272.965 

587 


Boiling- 
point 
of water 
deg. F. 


275 

704 

278 

348 

280 

904 

283. 

381 

285. 

781 

288 

111 

290. 

374 

292. 

575 

294 

717 

296. 

80S 

298. 

842 

300. 

831 

302. 

774 

304. 

669 

306. 

526 

308. 

344 

310. 

123 

311 

866 

313. 

576 

315. 

250 

316. 

893 

318 

510 

320, 

094 

321. 

653 

323 

183 

324. 

688 

326. 

169 

327. 

625 

331. 

169 

334 

582 

337 

874 

341 

058 


Ratio of volume 
of steam to 
volume of equal 
weight of 
distilled water 
at temperature 

density 



The expansion, weight, density and comparative volume of pure water 
at different temperatures can be found in Table XXXVII. 

Transmission of Heat to Water. Heat must be transmitted from the 
heating-medium to water through the walls of a coil or container. The 
RATS at which heat can be transmitted depends upon the material through 
which the heat must pass. Copper, brass, wrought iron or steel and cast 
iron are the only materials used to any extent in the manufacture of heaters 
for water. The rate of heat-transmission for these materials can be found 
in Table XXXVIII. The table is based on, the assumption that the trans¬ 
mitting surface is clean and free from ash or incrustation of any kind. 

The quantity of heat transmitted depends upon the difference in tem- 
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Table XXXVII. Expansion of Water 


Volume and Density of Water at Different Temperatures Calculated by Means 
of Rankin's Approximate Formula (D. K Clark) 


Temper- 

Compara- 

Compara- 

Weight 


tive 

tive 


ature, 

volume, 

density 

1 cu ft, 
pounds 


deg. F. 

water at 
32° «* 1 

water at 
32° *■ 1 


32 

l 00000 

1 .00000 

62 418 

Freezing point 

35 

0 99993 

1 00007 

62.422 

39 1 

0 99989 

1 00011 

62.425 

Point of maximum density 

40 

0 99989 

i ooon 

62.425 

45 

0 99993 

1 00007 

62.422 


46 

1.00000 

1 .00000 

62.418 

Same volume and density as 





at the freezing-pomt 

50 

1.00015 

0 99985 

62.409 


52 3 

1.00029 

0 99971 

62.400 

Weight taken for ordinary 





calculations 

55 

1.00038 

0.99961 

62.394 


60 

1.00074 

0 99926 

62.372 


62 

1.00101 

0 99899 

62.355 

Standard temperature 

65 

1 00119 

0 99881 

62.344 

70 

1.00160 

0 99832 

62.313 

Cold baths 

75 

1.00239 

0.99771 

62.275 


80 

85 

1.00299 

1.00379 

0 99702 

0 99622 

62.240 
62.182 I 

Tepid baths 

90 

95 

1.00459 

1 00554 

0 99543 

0 99449 

62.133 

62.074} 

Warm baths 

100 

1 00639 

0 92365 

62.022 


105 

1 00739 

0 99260 

61.960} 

Temperature of condenser 

110 

1 00889 

0.99119 

61,868 

water. Hot baths 

115 

1.00989 

0 99021 

61.807 


120 

1 01139 

0 98874 

61.715 


125 

1 01239 

0 98808 

61.654 


130 

1 01390 

0 98630 

61.563 


135 

1 01539 

0 98484 

61.472 


140 

1 01690 

0 98339 

61.381 


145 

1 01839 

0 98194 

61.291 


150 

1 01889 

0 98050 

61 201 


155 

1.02164 

0 97882 

61.096 


160 

l 02340 

0 97714 

60.991 


165 

1 02589 

0 97477 

60 843 


170 

1 02690 

0.97380 

60.783 


175 

1 02906 

0.97193 

60.665 


180 

1.03100 

0 97006 

60 548 


185 

I 1 03300 

0 96828 

60.430 


190 

1 1.03500 

0.96632 

60.314 


195 

1.03700 

0.96440 

60.198 


200 

1.03889 

0 96256 

60.081 


205 

1 0414 

0 9602 

59.93 


210 

1.0434 

0 9584 

59.82 


212 

1.0444 

0.9575 

59.76 

Boiling'-pomt by formula 

212 

1.0466 

0.9555 

59.64 

Boiling-point by direct 





measurement 

230 

1 0S29 

0 9499 

59.26 


250 

l 0628 

0 9411 

58.75 


270 

1 0727 

0 9323 

58.18 


290 

1 0838 

0 9227 

57.59 

Temperature of steam of 50 

298 

1.0899 

0.9175 

57.27 





lb effective pressure per 

338 

1 1118 

0.8994 

56.14 

sq in 

Tetnperature of stfeam of 100 





lb pressure per sq in 

366 

1.1301 

0.8850 

55.29 

Temperature of steam of 150 





lb pressure per sq in 

390 

1.1444 

0.8738 

54.54 

Temperature of steam of 205 





lb effective pressure per 

_gaia___ 
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perature between the heating-medium and the absorbing water, the thickness 
of the walls of the vessel and the material of which it is made. 

Tabid" XXXVIII. Comparison of Heat-Transmitting Surfaces 


Material 

Heat transmitted per square foot 
of heating surface per hour for 
each degree F. difference be¬ 
tween the heating medium and 
the water 

Copper plate. 

275 Btu 

Copper or brass pipe. 

300 Btu 

Wrought-iron or steel pipes. 

200 Btu 

Cast-iron surface.. ... 

80 Btu 


Capacity of Coal-Burning Water-Heaters. The capacity of a water-heater 
depends upon the amount of coal it can burn efficiently during a given period 
of time, the thickness and conductivity of the walls of the fire-box. Boiler 
iron is a better conductor of heat than cast iron; therefore a heater made of 
boiler iron of given surface will heat more water in an hour than will a cast- 
iron heater of equal surface, the amount of coal burned and the intensity of 
the fire being equal in both cases. 

The amount of coal economically burned in a heater depends upon the 
area of grate and the size of the smoke-flue. Heaters burn from 3 to 6 lb, 
and will probably average 4 lb of coal per hr per sq ft of grate-surface. The 
total heat of combustion of a pound of anthracite coal of average composition 
is 14 133 Btu. Of this amount, however, a large percentage passes up the 
chimney as hot gases, and is otherwise lost, so that under ordinary conditions 
only about 8 000 Btu are actually available for transmission to the water. 

Commercially, water-heaters are rated on a certain firing. That is, it is 
assumed that the heater will be charged with coal once in a given number of 
hours. Eight hours is assumed as the ideal firing-period. This means 
that the boiler will need attention only three times in 24 hr. The combus¬ 
tion-chamber is made large enough to hold the necessary coal for the 8-hr 
firing-period, and the grate-surface large enough to burn the coal. The 
heater then possesses a large reserve capacity. By cutting down the firing- 
period to 4 hr, the amount of water that can be heated will be almost doubled. 

For this reason, the rating of a water-heater means little or nothing unless 
the firing-period is stated. One boiler might be heating a given quantity 
of water on an 8-hr firing. A smaller heater would heat the same 
quantity of water through the same range of temperature operating on a 
4-hr firing-period. Both heaters could claim the same rating if the firing- 
period were not considered, although one of the heaters would have only 
about 50% the capacity of the other. 

The heat-transmission to water through coils or other heating surface is 
based on the assumption that the surfaces on both sides of the transmitting 
material are clean and free from incrustation of lime or magnesia. How¬ 
ever, no surface is free from incrustation after having been in service for some 
time. All water, even the softest, generally contains a small proportion of 
lime or magnesia, and it may be assumed that the softest of water is at least 
one degree hard. The lime or magnesia causing hardness of water, deposits 
on the water-heating coils, building up from year to year in proportion to the 
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hardness of the water. This scale will cut down the heat-transmission of the 
coils as follows: 

Jfe-i n li me scale will cut down the heat transmission 13% 

J^-in lime scale will cut down the heat transmission 22% 

J^-in lime scale will cut down the heat transmission 38% 

%-in lime scale will cut down the heat transmission 50% 

J^-in lime scale will cut down the heat transmission 60% 

J4-in lime scale will cut down the heat transmission 90% 

In view of the progressive loss of heat-transmissions of coils and heaters, 
allowance must be made of sufficient excess capacity when new to offset the 
loss of capacity when old, and provision made to clean or replace the coils 
before the loss becomes excessive. 

Temperature of Water Required. The temperature of water required 
for various classes of service may be found in Table XXXIX. 


Table XXXIX. Temperatures of Water for Various Services 


Class of service 

Temperature required, 
deg. F. 

Minimum 

Maximum 

Garages (for washing cars). 

80 

100 

General domestic use. 

130 

160 

Laundry (hand work). 

115 

212 

Laundry (machine work). 

180 

212 

Barber shop (non-sterilizing). . 

115 

150 

Bar and soda fountains (hot drinks). 

175 

212 

Lavatory and cleaning uses. 

115 

150 

Baths only. 

110 

150 

Shower-baths. 

no 

150 

Swimming-pools. 

80 

212 

Baptistries. 

80 

212 

Dishwashing (hand work). 

130 

212 

Dishwashing (machine) . ... 

180 

212 

Milk dealers (not sterilizing or pasteurizing). . . 

115 

150 


Heating Water with Steam. Water for use in large quantities is generally 
heated by means of steam by the aid of steam-coils. Generally speaking, 
coils of brass or copper are preferable to iron for this purpose, although there 
are uses for which copper or brass pipe could not be employed. The rate of 
transmission of heat is 50% greater through brass or copper coils than through 
equal sizes of iron or steel coils. 

The size of steam-coil in square feet required to heat a certain quantity 
of water in a given time can be found by the following rule: 

Rule. Multiply the weight of water in pounds by the number of degrees 
temperature F. the water is to be raised, and divide the product by (300, 
if the coil is brass or copper; 200, if the coil is iron or steel) times the differ¬ 
ence between the temperature of the steam and the average temperature of 
the waiter. 

In computing the heating-surface of coils the inner surface of the pipe 
is taken, as that is the real heating-surface to which heat is applied. The 
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average temperature of the water in contact with the coil is taken as the 
temperature of the water. 

Example. How many square feet of heating surface will be required in a 
copper coil to heat 300 gal of water per hour from 50° to 200° F. with steam 
15-lb gauge pressure? 

Solution. 300 X 8.3 ® 2 490 lb of water to be heated 200° — 50° = 150° 
rise in temperature of water. (150° -s- 2) + 50 — 125° = average temper¬ 
ature of water. 250° = temperature of steam at 15-lb gauge pressure. 
250 — 125 •== 125 = the difference between temperature of steam and aver¬ 
age temperature of water. Then: 


2 490 x 150 
300 X (250 - 125) 


9.9 sq ft of copper coil 


The following constants will be found convenient in proportioning steam- 
coils for heating water: 

W =» gallons of water to be heated. 

W *T- 10 «=» sq ft of iron pipe-coil required for exhaust-steam. 

W + 15 — sq ft of copper pipe-coil required for exhaust-steam. 

W X 0.07 = sq ft of iron pipe-coil for 5 lb pressure-steam. 

W X 0.045 = sq ft of copper pipe-coal for 5 lb pressure-steam. 

W X 0.05 «= sq ft of iron pipe-coil for 25 lb steam-pressure. 

W X 0.035 ® sq ft of copper pipe-coil for 25 lb steam-pressure. 

W X 0.04 =» sq ft of iron pipe-coil for 50 lb steam-pressure. 

W X 0.25 «=• sq ft of copper pipe-coil required for 50 lb steam-pressure. 

W X 0.03 « sq ft of iron pipe-coil required for 75 lb steam-pressure. 

W X 0.02 — sq ft of copper pipe-coil required for 75 lb steam-pressure. 

Drinking-Water Supply for Buildings. Drinking-water, filtered and 
cooled, has become an almost indispensable item of equipment for large build¬ 
ings. Such a system is shown diagrammatically in Fig. 11. It consists of a 
grid of riser-branches indicated by solid lines, and returns or circulation-pipes 
indicated by dotted lines. 

Pumps are necessary to keep the water in circulation, and the drinking- 
fountain branches are taken off the vertical risers so that the water delivered 
at the faucets will be direct from the cooling-coils. The system consists 
essentially of a set of water-filters, a cooling-tank, circulating-pumps and a 
balancing-tank. Water is drawn by the pumps through the filters and cool- 
, ing-tank and is forced upward to the balancing-tank (Fig. 12), from which it 
overflows back to the cooling-tank to be recooled and recirculated. Make-up 
water flows from the house-tank to the balancing-tank, where it is controlled 
by a ball-cock which keeps the system full of water at all times. 

This method of make-up necessitates the use of tank-water which might 
or might not be filtered. An alternate method, therefore, is to discharge from 
the filter into a second balancing-tank located near the cooling-tank. The 
supply to this balancing-tank is controlled by a ball-cock, so that as water is 
drawn at a drinking-fountain the balancing-tank is automatically supplied 
with filtered water. The overflow from the upper balancing-tank flows back 
into this make-up balancing-tank. The upper balancing-tank is located at 
a level of 8 ft or more above the level of the highest fixture to be supplied 
with drinking-water. 

In the diagram is shown a cooling-tank. This tank is provided with brine 
coils for cooling the water. The brine for the coils can be supplied from a 
general brine circulating system, or a special refrigerating unit provided for 
the purpose. In practice cross-connections and by-passes would be provided. 
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For instance, there would be two filters with a by-pass, and the filters would 
be cross-connected so that either, both, or none could be in service at one 
time. In like manner the lower balancing-tank could be by-passed. 

In proportioning a drinking-water system, a per capita allowance of to 
% gal capacity in the water-cooling tank will be found satisfactory for most 
installations. 



Fig. 11. Drinking-Water Supply for Buildings 


It is necessary to insulate thoroughly all supply and return drinking-water 
pipes, otherwise they will condense the moisture in the atmosphere, thereby 
sweating and wetting ceilings over which they pass. It is equally necessary 
to cover the drinking-water pipes to prevent the water absorbing heat. 
Wastes from drinking-fountains ought likewise to be covered with anti¬ 
sweat covering. 

Swimming-Pools are installed in club buildings, natatoriums, gymnasiums, 
and like buildings. They are approximately 25 by 75 ft in plan, or large 
enough for playing water-polo and similar games. 
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The pools are built with sloping bottoms so that one portion of the tank 
has a depth of water from 4 to 5 ft and the deeper portion a depth of from 
7 to 8 ft. 

Provision is made to heat and sterilize the water in the pool. This is 
done by means of circulating-pumps which draw water from outlets at the 
bottom of the pool, pass it through a large strainer, a heater, filter, and steri- 


Alarm Control* 



lizer, and then back to the pool. The water returned to the pool flows in 
through a number of inlets spaced equally about the tank. An instanta¬ 
neous steam water-heater is the type most favored for heating the water where 
a supply of steam is available throughout the year. A pressure type of sand- 
fXLTER is provided to remove all suspended matter in the water, and the steri¬ 
lising apparatus is used to rid the water of most of the bacteria. The two 
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types of sterilizing apparatus most in favor for sterilizing purposes are the 
ULTRA-VIOLET-RAY APPARATUS and CHLORINATING APPARATUS. The water in 
a swimming-pool ought to contain not more than 1 000 colonies of bacteria 
per cc on agar, incubated at 37.5° C., and a B.coli count of 1 per cc. The 
water should be taken from any part of the pool and examined within 48 hours. 

In pools that are not treated with the chlorination process or ultra-violet 
rays, as many as 216 000 colonies of bacteria per cc have been found, and all 
samples showed gas indicating B. coli. A cubic centimeter is equal to about 
15 drops. 

When pools are so located that they cannot be emptied by gravity, pumps 
must be provided with sufficient capacity to empty the pool in the shortest 
time allowable. Where revenue from the pool must be considered, the pumps 
ought to be able to empty the pool in 4 hr or less. Whatever repairs needed 
then can be made and the pool refilled without being out of service more than 
8 or 10 hr. 

For cleaning the walls and bottom of the pool without emptying the tank, 
a pool suction-pump, hose, and suction-nozzles similar to those used for 
vacuum-cleaning can be provided. 

The large strainers on the recirculating line are better provided in dupli¬ 
cate, so that one can be cleaned while the other is in service. 

Value of Pipe-Covering. There are many different uses for pipe-covering 
in plumbing practice. Cork covering or asbestos-sponge felted covering is 
used for drinking-water pipes; for hot-water pipes, 85% magnesia or air-cell 
asbestos is used, according to conditions. Anti-sweat covering should be 
used for wastes from drinking-fountains, cold-water pipes over ceilings, rain- 
leaders over finished ceilings, or other pipes that might condense moisture 
and allow it to drip where it would cause damage. Finally there is the frost- 
proofing of water-pipes exposed in cold places where they are liable to freeze. 

Insulation for Hot-Water Pipes. Hot-water pipes and hot-water tanks 
when uncovered lose by radiation from their surface. To prevent this loss 
of heat and consequent extra consumption of coal, hot-water pipes, circulation- 
pipes and hot-water tanks in large institutions are generally covered with 
some non-heat-conducting material. The value of pipe-covering is not pro¬ 
portional to its thickness. Sectional pipe-coverings average about 1% in in 
thickness and reduce the loss by radiation about 90%. Doubling the thick¬ 
ness of pipe-covering saves only about another 5% of heat-loss. In specifying 
covering for pipes and boilers, therefore, a thickness of 1 in will be sufficient. 
Carbonate of magnesia is a very poor conductor of heat. Therefore, it is a 
good material for covering hot-water pipes. Carbonate of lime, on the other 
hand, is not a good covering material, although it often masquerades as car¬ 
bonate of magnesia. When magnesia pipe-covering is specified, therefore, it 
is well to require a composition containing from 80 to 90% of magnesia, and 
require a test to be made at the expense of the contractor, but by a chemist 
named by the architect. 

Expansion of Hot-Water Pipes. In all tall buildings expansion-loops 
ought to be placed in both the hot-water and the circulation-pipes, to permit 
the expansion and contraction of the lines without injury to the system. These 
loops are usually from 6 to 8 ft long, made up with elbows, and extend into the 
floor of the building. Generally the hot-water and circulation-pipes are sup¬ 
ported midway between loops so that they can expand both up and down. The 
length that water-pipes will expand depends upon the degree to which they 
are heated, and the materials of which the pipes are made. The first of the 
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following four tables gives the expansion of cast-iron pipes, the second the 
expansion of wrought-iron pipes, the third the expansion of steel pipes, and 
the fourth the expansion of brass pipes. 


Expansion of Cast-Iron Pipe 


Temperature 
of air 
when pipe 
is fitted, 
deg. F. 

Length of 
pipe when 
fitted, 
ft 

Length of pipe when heated to 

215° F. 
ft in 

265° F. 
ft in 

297° F. 
ft in 

338° F. 
ft in 

0 

100 

100 1 59 

100 1.96 

100 2.20 

100 2.50 

32 

100 

100 1 36 

100 1 65 

100 1 96 

100 2.27 

64 

100 

100 1 12 

100 1 43 

100 1 73 

100 2 00 


Expansion of Wrought-iron Pipe 


Temperature 
of air 
when pipe 
is fitted, 
deg. F. 

Length of 
pipe when 
fitted, 
ft 

Length of pipe when heated to 

215° F. 
ft in 

265° F. 
ft in 

297° F. 
ft in 

338 

ft 

° F. 
in 


100 

100 1.72 

100 2.21 

100 2.31 

100 

2.70 

32 

100 

100 1.47 

100 1 78 

100 2.12 

100 

2.45 

64 

100 

100 1.21 

100 1 61 

100 1.87 

100 

2.19 


Expansion of Steel Pipe* 


Temperature 
of air 
when pipe 
is fitted, 
deg. F. 

Length of 
pipe when 
fitted, 
ft 

Length of pipe when heated to 

215° F. 
ft in 

265° F. 
ft in 

297° F. 
ft in 

338° F. 
ft in 

0 

100 

100 1 57 

100 1 93 

100 2.17 

100 2.47 

32 

100 

100 1 33 

100 1 70 

100 1.93 

100 2.31 

64 

100 

100 1 10 

100 1 47 

100 1.70 

100 2.00 


* Table computed by Jones and Laughlin Steel Corporation. 


Expansion of Brass Pipe 


Temperature 
of air 
when pipe 
is fitted, 
deg. F. 

Length of 
pipe when 
fitted, 
ft 

Length of pipe when heated to 

215° F. 
ft in 

265° F. 
ft in 

297° F. 
ft in 

338° F. 
ft in 

0 

100 

100 2.58 


100 3.56 

100 4.05 

32 

100 

100 2 19 

100 2 79 

100 3.18 

100 3.67 

64 

100 

100 1.81 

100 2.41 

100 2.79 

100 3.28 
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Liquid-Soap Systems. In large buildings, soap is conveyed to the various 
lavatories on the many floors as a liquid, through a system of piping. 

Fig. 13 shows diagrammatically the way the system is installed. 


1 Vi Angle Iron 


Cover" 12 U S. Gauge 
Iron 


Soap Level 
Indicator " 

ix\ Vu" 
Flat Bar Iron ^ 

IX Angle Iron. 



Wood Float 
S"Diam. 




A battery of two soap-tanks is provided, each tank having a capacity for a 
few weeks’ supply of soap. Each tank is provided with hot and cold water 
for cleaning the tanks and also for mixing and thinning the soap solution 
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when necessary. Branches from the hot and cold-water pipes are connected 
to the soap-main, so that the main soap-pipe and its various branches can be 
flushed out whenever necessary. As there is a possibility of the soap sludg¬ 
ing in the pipes, thereby stopping the flow if the liquid is not of the proper 
consistency, the flushing connections are quite necessary. An iron plat¬ 
form with steps leading thereto is provided for convenience of the mainte¬ 
nance crew in charging the tanks 

Black iron pipe is used for the soap-distributing system, and recessed drain¬ 
age fittings are best for the mains and all branches 1 in in diameter and larger. 
They are equally desirable for the smaller sizes of pipe, but are not made in 
sizes smaller than 1 in. 

At each battery of fixtures supplied with liquid soap, it is well to provide a 
plugged clean-out in the line (Fig. 14), so that in case the small pipe becomes 
clogged with soap it can be rodded out and flushed through the supply faucets. 



A %-in pipe is of sufficient size to supply a battery of fixtures. Generally 
the branch from battery supply to individual fixtures is 34 in in diameter. 
As the consumption of liquid soap is small, the volume to be delivered can be 
taken care of by relatively small pipes. Where a battery of two tanks is 
installed, a header of 1)4-in pipe between the two tanks with a main drop 
riser of 1 in will be found of sufficient size. A 1-in drop riser will take care of 
75 fixtures where the building is tall. In low buildings covering a large area 
it might be necessary to increase the soap-main one size. 

Mixing and storage space in the liquid-soap tank of from 2 to 3 qt per fix¬ 
ture will be found a good proportion. A battery of two tanks is always con¬ 
venient from an operating standpoint, as this enables a reserve tank of soap 
to be held ready for use at a moment’s notice. A soap-level indicator is 
provided at the tank so that the amount of unused soap in the tank can be 
seen at a glance. 

It is good practice to continue the lower end of a drop riser, or the extreme 
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end of a long horizontal run, to a nearby slop-sink and control it there with a 
plugged valve. This will enable the operating force to flush out the pipes 
whenever necessary or desirable. 

Testing Plumbing Systems 

Testing Water-Supply Pipes. The water-distribution system of small 
buildings is generally tested by turning on the city water after plugging all 
the outlets. In tall buildings where the work is concealed and built in before 
the house-tank is ready to be filled, the system is tested by pumping it full of 
water and keeping it under pressure for 24 hours. Even when a tank supply 
is available it is well to test all lines to about 200-lb pressure per sq in. 

Testing Drainage System. The drainage system is tested by plugging all 
outlets and filling the pipes with water. In tall buildings the work has to be 
tested in sections to keep up with the progress of the other trades. Special 
test fittings are provided for this purpose in the stacks at various floors, as for 
instance, the 12th and 24th floors of a 30-story building. The top section is 
tested first, the intermediate next, and the lowest section last. When apply¬ 
ing a test to the lower section the water is allowed to rise to above the level 
of the test fittings so that all joints will have been under water. 

The Smoke Test. A smoke test sometimes is applied as a final test. It 
consists, briefly, in pumping the system full of a dense pungent smoke under a 
slight pressure by means of a smoke-machine. The pressure should be only 
sufficient to balance a column of water one inch high. This is sufficient pres¬ 
sure to disclose any leaks, but is not great enough to force the seal in traps. 
The smoke test is of considerable value in disclosing leaks in small buildings, 
but of proportionally less value as the size of the building and drainage system 
increase. However, the smoke test is the best available for a final test and 
will have to continue in use until something better is evolved. 


3. Illuminating-Gas and Gas-Piping 

Varieties of Gas. There are five different kinds of gas used for domestic 
purposes. They are coal-gas, oil-gas, water-gas, natural gas, and acetylene- 
gas. 

Coal-Gas is produced by the distillation or driving off of the light hydro¬ 
carbons, or gas, from bituminous coal. Nothing is added to the gas, and the 
by-products of distillation are coke, tar, and ammonia. Very little coal-gas 
is now used commercially. 

Oil-Gas is made in much the same manner as coal-gas, by the process 
known as destructive distillation. This consists of heating the oil to a very 
high temperature, thereby causing the heavy hydrocarbons to break up into 
lighter or gaseous form. Animal and vegetable fats and oils, waste fats that 
occur in the manufacture of woolens, and ordinary rosins are used, as well as 
petroleum, in the manufacture of oil-gas. 

Water-Gas, which is probably more extensively manufactured than any 
other kind of gas for general distribution, is made commercially by the con¬ 
tact of steam with incandescent carbon in the form of anthracite coal or coke. 
The steam is decomposed, the hydrogen being separated from the oxygen. 
The oxygen then takes up carbon from the coal or coke. This gas would burn 
with a non-luminous flame and would be useless for lighting except with incan¬ 
descent mantles, so in practice the water-gas is enriched with oil-gas which 



1776 Hydraulics, Plumbing and Drainage, and Gas-Piping [Chap. 32 


furnishes the hydrocarbon necessary to make a luminous flame, but this adds 
very little to the heating quality of the gas. 

Natural Gas is obtained from drilled wells. In localities where it can be 
obtained it furnishes cheap light and fuel. The natural gas obtained in the 
hard-coal regions develops more heat per cubic foot in burning than any other 
kind of gas except acetylene. Natural gas is usually delivered under greater 
pressure in the street-mains and house-pipes than manufactured gas. 

Acetylene-Gas is formed by bringing water and calcium carbide in contact. 
Calcium carbide is produced by the electrical fusion of coke and lime. It is a 
very hard substance like dark granite, has a very slight odor, will not burn or 
explode, and can be handled in any quantity with perfect safety. The fact 
that carbide begins to disintegrate and give off acetylene at the slightest touch 
of moisture makes it practicable to generate the gas in small quantities. 

Process of Generating Acetylene-Gas. The satisfactory production of 
acetylene-gas requires a generator which shall feed carbide of sufficient size and 
weight to be plunged a sufficient depth under the water in the generator- 
chamber to insure coolness and proper washing. The carbide-chamber must 
be so arranged and protected that no gas can return to it to be wasted when 
the chamber is refilled. It must feed carbide loosely and in very small quan¬ 
tities to provide for perfect coolness by free access of water to all of the car¬ 
bide. It must work automatically and with absolute certainty. Acetylene- 
gas to be pure must be thoroughly washed. Impure acetylene, as with any 
other illuminating-gas, means a discoloration of the flame, diminished illu¬ 
minating power, clogging of pipes and burners with carbon and other foreign 
matter, and smoky burners, causing blackening of ceilings and tarnished and 
soiled woodwork and upholstery. It is now generally agreed that the require¬ 
ments above outlined can be attained only by a generator of the plunger- 
type. Portable generators are made in sizes of 5, 10, 15, 20 and up to 500- 
lights capacity. In all machines dropping carbide into water there should be 
a connection open from the carbide-holding receptacle to the safety-vent run 
out of doors from the gasometer. To develop the full illuminating power of 
the gas it is necessary to use a burner-tip having the thinnest slit obtainable, 
the illuminating power of the gas being about fifteen times that of coal-gas, 
for the same consumption. The light is a clear white, very nearly resembling 
sunlight in color and diffusiveness, with none of the red of the incandescent 
lamp, the orange of the ordinary gas-flame, or the green tone of the incandes¬ 
cent mantle; and it possesses the quality, unique among artificial illuminants, 
of reproducing even the most delicate shades of color as faithfully as sunlight. 
Even when used with mantle-burners, as it may be with great economy, acety¬ 
lene-light presents a strong dissimilarity from ordinary gas under the same 
conditions. Acetylene corrodes silver and copper, but does not affect brass, 
iron, lead, tin, or zinc. 


Piping a House for Gas 

General Principles and Requirements. Ordinary wrought-iron or steel 
pipe is used in piping for all kinds of gas. Galvanized malleable-iron fittings 
are generally used in preference to plain iron fittings. Leaks should never be 
made tight with gas-fitters' cement. It cracks off easily and will melt in 
warm places. When pipes under floors run across floor-joists, the joists 
should be notched near their ends, or where supported by partitions, and not 
near the middle of the spans. It is evident that a 10-in joist, notched 2 in in 
the middle of the span, is no stronger than an 8-in joist. The whole system 
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of piping must be free from low places or traps and should pitch toward the 
main rising pipe. The riser should run up in a partition as near the center of 
the building as is practicable. It is obvious that where gis is distributed 
from the center of a building, smaller running lines of pipe will be needed than 
when the main pipe runs up on one end. Hence joists will not require as 
deep cutting, and the flow of gas will be more regular and even. For the 
same reason, in large buildings more than one riser may be advisable. Drip- 
pipes in a building should always be avoided. The whole system of piping 
should be so arranged that any condensed gas will flow back through the sys¬ 
tem and into the service-pipe in the ground. All outlet-pipes should be so 
securely and rigidly fastened in position that there will be no possibility of 
their moving when the fixtures are attached. Center pipes should rest on a 
solid support fastened to the floor-joists near their tops. The pipe should be 
securely fastened to the support to prevent lateral movement. The drop- 
pipe must be perfectly plumb, and pass through a guide fastened near the bot¬ 
tom of the joists, which will keep it in position and not be easily displaced by 
lathers, masons, or other workmen. In the absence of express directions to the 
contrary, outlets for brackets should generally be 5 ft 6 in high from the floor, 
except that it is usual to put them 6 ft high in halls and bath-rooms. The 
upright pipes should be plumb, so that the nipples that project Vhrough the 
walls will be level. The nipples should project not more than in from the 
face of the plastering. Laths and plaster together are usually in thick; 
hence the nipples should project in from the face of the studding. Drop 
center pipes should project in below the furring, or joists if there is no 
furring, where it is known that there will be no stucco or centerpieces used. 
Where centerpieces arc to be used, or where there is a doubt whether they will 
be or not, then the drop-pipes should extend about a foot below the furring. 
All pipes being properly fastened, the drop-pipe can be safely taken out and 
cut to the right length when fixtures are put on. Gas-pipes should never be 
placed on the bottoms of floor-joists that are to be lathed and plastered, 
because they are inaccessible in the contingency of leakage, or when altera¬ 
tions are desired. The whole system of piping should be tested under a pres¬ 
sure of air that will raise a column of mercury 6 in high in a glass tube. The 
pipes are either tight or they leak. There is no middle ground. If they are 
tight the mercury will not fall a particle. A piece of paper should be pasted 
on the glass tube, even with the mercury, to mark its height while the pressure 
is on. The system of piping should remain under test for at least a half-hour. 

Rules and Table for Proportioning Sizes of House-Pipes for Gas * 

Rules Governing Sizes of Gas-Pipes. Table XL is based on the well- 
known formula for the flow of gas through pipes. The friction, and therefore 
the pressure necessary to overcome the friction, increases with the quantity 
of gas that goes through, and as the aim of the table is to have the loss in pres¬ 
sure not exceed in water-pressure in 30 ft, the size of the piping increases 
in going from an extremity toward the meter, as each section has an increas¬ 
ing number of outlets to supply. The quantity of gas the piping may be 
called on to pass through is stated in terms of in outlets, instead of cubic 
feet, outlets being used as a unit instead of burners, because at the time of 
first inspection the number of burners may not be definitely determined. In 
making the table, each J^-in outlet was assumed to require a supply of 10 
cu ft per hour. In using the table observe the following rules; 


The Denver Gas and Electric Company. 
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(1) No house-riser shall be less than % in. The house-riser is considered as 
extending from the cellar to the ceiling of the first story. Above the ceiling 
the pipe must be extended of the same size as the riser, until the first branch 
line is taken off. 

(2) No house-pipe shall be less than % in. An extension to existing piping 
may be made of J^-in pipe to supply not more than one outlet, provided said 
pipe is not over 6 ft long. 

(3) No gas-range shall be connected with a smaller pipe than in. 

(4) In figuring out the size of pipe, always start at the extremities of the 
system, and work toward the meter. 

(5) In using the table, the lengths of pipe to be used in each case are the 
lengths measured from one branch or point of juncture to another, disregarding 
elbows or turns. Such lengths will be hereafter spoken of as sections. No 
change in size of pipe may be made except at branches or outlets, each section 
therefore being made of but one size of pipe. 

(6) If any outlet is larger than % iri if must be counted as more than one, in 
accordance with the schedule below: 

Size of outlet, inches. 3^ % 1 1J4 lj^ 2 2)^ 3 4 

Value in table. 2 4 7 11 16 28 44 64 112 

(7) If the exact number of outlets given cannot be found in the table, take 
the next larger number. 

(8) If, for the number of outlets given, the exact length of the section which 
feeds these outlets cannot be found in the table, the next larger length, corre¬ 
sponding to the outlets given, must be taken to determine the size of pipe 
required. Thus, if there are eight outlets to be fed through 55 ft of pipe, the 
length next larger than 55 in the eight-outlet line in the table is 100, and as 
this is in the lM~m column, that size pipe would be required. 

(9) For any given number of outlets, do not use a smaller size pipe than the 
smallest size that contains a figure in the table for that number of outlets. 
Thus, to feed 15 outlets, no smaller size pipe than 1 in may be used, no matter 
how short the section may be. 

(10) In any piping-plan, in any continuous run from an extremity to the 
meter, there may not be used a longer length of any size pipe than found in the 
table for that size, as 50 ft for % in, 70 ft for 1 in, etc. If any one section 
would exceed the limit length, it must be made of larger pipe. Thus, 6 outlets 
could not be fed through 75 ft of 1-in pipe, but \% in would have to be used. 
When two or more successive sections work out to the same size of pipe and 
their total length or sum exceeds the longest length in the table for that size 
pipe, make the section nearest the meter of the next larger size. For example, 
if we have 5 outlets to be supplied through 45 ft of pipe and these 5 and 5 more, 
making 10 in all, through 30 ft of pipe, we should find by the table that 10 out¬ 
lets through 30 ft would require 1-in pipe, and that 5 outlets through 45 ft 
would also require 1-in pipe, but as the sum of the two sections, 30 plus 45 
equals 75 ft, is longer than the amount of 1 in that may be used in any con¬ 
tinuous run, the 30-ft section, being the one nearer the meter, must be made 
of lj^-in pipe. The application of the limit in length of any one size in a 
continuous run may also be shown as follows* Eight outlets will allow of 13 ft 
of %-in pipe in the section between the eighth and ninth outlets (counting 
from the extremity of the system toward the meter), provided that this 13 ft 
added to the total length of ?^-in pipe that may have been used between the 
extremity of the run and the eighth outlet does not exceed 50 ft, which, accord¬ 
ing to the table, is the greatest length of % in allowable in any one branch of 
the system. Therefore, up to the eighth outlet, 37 ft of %-in pipe could have 
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Table XL. Showing the Correct Sizes of House-Pipes for Different 
Lengths of Pipes and Number of Outlets 


Number 

Lengths of pipes in feet 




of ^6-in 








outlets y^ in y^ in ^_ in 

1-in 

1^-iu 

13 ^-in 

2-in 

2H-in 

3-in 

4-in 

pipe pipe pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

1 20 30 50 

70 

100 

150 

200 

300 

400 

600 

2 27 50 

70 

100 

150 

200 

300 

400 

600 

3 12 50 

70 

100 

150 

200 

300 

400 

600 

4 . 50 

70 

100 

150 

200 

300 

400 

600 

5 . 33 

70 

100 

150 

200 

300 

400 

600 

6 24 

70 

100 

150 

200 

300 

400 

600 

7 . 18 

70 

100 

150 

200 

300 

400 

600 

8 . 13 

50 

100 

150 

200 

300 

400 

600 

9 

44 

100 

150 

200 

300 

400 

600 

10 

35 

100 

150 

200 

300 

400 

600 

11 

30 

90 

150 

200 

300 

400 

600 

12 

25 

75 

150 

200 

300 

400 

600 

13 

21 

60 

150 

200 

300 

400 

600 

14 

18 

53 

130 

200 

300 

400 

600 

15 

16 

45 

115 

200 

300 

400 

600 

16 

14 

41 

100 

200 

300 

400 

600 

17 

12 

36 

90 

200 

300 

400 

600 

18 


32 

80 

200 

300 

400 

600 

19 


29 

73 

200 

300 

400 

600 

20 


27 

65 

200 

300 

400 

600 

21 


24 

58 

200 

300 

400 

600 

22 


22 

53 

200 

300 

400 

600 

23 


20 

49 

200 

300 

400 

600 

24 


18 

45 

190 

300 

400 

600 

25 


17 

42 

175 

300 

400 

600 

30 


12 

30 

120 

300 

400 

600 

35 



22 

90 

270 

400 

600 

40 



17 

70 

210 

400 

600 

45 



13 

55 

165 

400 

600 

50 ... 




45 

135 

330 

600 

65 




27 

80 

200 

600 

75 . ... 




20 

60 

150 

600 1 

100 





33 

80 

360 

125 ... 





22 

50 

230 | 

150 ... 





15 

35 

160 

175 






28 

120 

200 ... 






21 

90 

250 






14 

59 


been used, and yet allow 13 ft of in to be used in the section between the 
eighth and ninth outlets. If more than 37 ft had been used, then the entire 
13 ft between the eighth and ninth outlets would have to be of 1-in pipe. 

(II) Never supply gas from a smaller size of pipe to a larger one, If we 
have 25 outlets to be supplied through 200 ft of pipe, and these 25 and 5 more, 
making 30 in all, through 100 ft of pipe we should find by the table that 25 
outlets through 200 ft would require 2^-in pipe, and 30 outlets through 100 
ft would require 2-in piping, but as under this condition a 2-in pipe would be 
supplying a 2^-in pipe, the 100-ft section must be made 2j^ in. The sizes of 
pipes in Fig. 15 are in accordance with the foregoing rules and the table. 
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Heat Units in Gas. There is no one definite number of heat units that 
can be given as the heat value of gas. As already pointed out, there are 
three processes of manufacture of artificial gas, all of which are used through¬ 
out the country. Of the manufactured gases, two or more kinds are some¬ 
times combined, for instance, when oil-gas is added to water-gas. Then, too, 
natural gas is now being mixed with manufactured gas, so that the exact 



amount of heat given off by a cubic foot of gas will depend upon the standard 
of the local gas company. 

Manufactured gas is generally said to contain 700 heat units, and natural 
gas from 740 to 1 117, or an average of 950, heat units per cu ft, according to 
the territory where the natural gas is produced. As a matter of fact, the heat 
contained in manufactured gas varies from 500 to 600 Btu. It seldom 
exceeds 650. In some states the heat value of gas is governed by laws, and 
the tendency seems towards establishing a standard of 525 Btu per cu ft of 
manufactured gas. 


Nature of Light 
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CHAPTER XXXIII 
ILLUMINATION OF BUILDINGS 

By 

W. H. TIMBIE 

PROFESSOR OF ELECTRICAL ENGINEERING, MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 

AND 

P. H. MOON 

ASSISTANT PROFESSOR, MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

General Aims. The illumination of buildings is assuming a position of 
ever-increasing importance. The old method of installing a few lights more 
or less at random has been superseded by the inclusior of lighting as an 
integral part of the building design. Only in this way is a thoroughly pleasing 
and adequate installation possible. There has also been a breaking away 
from the stereotyped forms of lighting fixtures and a great influx of new ideas 
leading to various types of luminaires and luminous panels. There is also an 
increase in the use of artificial skylights and of cove lighting. All these must 
be built in and cannot be added readily as an afterthought. 

Interiors should be adequately illuminated to minimize eye-strain, reduce 
accidents, and give a pleasing and cheerful effect. Even more important is 
the requirement that there shall be freedom from glare, nothing being more 
fatiguing than facing a glaring light source, either directly or by reflection in a 
polished desk-top. The aim should be to produce a lighting installation: 
which will give soft, well-diffused, glareless but adequate illumination. 

Of the result, the eye is the final judge, and on its verdict the lighting system 
stands or fails. The esthetic elements are of prime importance in m' ,'.y 
cases; they are, of course, hardly amenable to calculation. There remain, 
however, a great many factors which can be calculated easily, and such cal¬ 
culations will often save costly mistakes. It is the purpose in the following 
pages to give general design principles for various types of installations and 
to provide tables showing modern practice. 

Nature of Light. Electromagnetic waves are used almost continuously 
during the waking moments of every normal human being. Comparatively 
long waves are utilized in radio; the broadcast band, for instance, running 
from wave-lengths of 200 to 550 meters (about 650 to 1 800 ft). A band of 
shorter waves is known as the infra-red, and is responsible for most of the 
heat we receive from the sun as well as for the energy radiated from all hot 
bodies here on earth. We use extremely short electromagnetic waves in the 
form of X-rays, while somewhat longer waves are known as ultra-violet. 
But of greatest importance to the human race is a band having wave-lengths 
from about 0.00004 to 0.00007 cm. These are important, not because of any 
inherent characteristic of the waves themselves, but due to a peculiarity of 
the human eye which responds to electromagnetic radiation of only these 
lengths. 
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It ha9 been found that the sun produces practically all wave-lengths, not 
only in the visible range but also in the near-by ultra-violet and infra-red. 
In the visible region, differences in length are perceived as different colors. 
The approximate wave-lengths corresponding to the colors are as follows: 

Violet 0.000040 to 0.000045 cm 
Blue 0.000045 to 0.000049 cm 
Green 0.000049 to 0.000055 cm 
Yellow 0.000055 to 0.000059 cm 
Orange 0.000059 to 0.000063 cm 
Red 0.000063 to 0.000070 cm 

Light from the sun contains all these colors and gives the sensation of 
white light. A light source which gives out a preponderance of long waves 
will be expected to have a reddish or orange color. For instance, the well- 
known neon sign emits nearly all its energy at long wave-lengths and gives a 
characteristic red-orange light. 

Some objects reflect light-waves of a certain length only, and absorb all the 
rest. It is this property that gives color to objects. Suppose, for instance, 
that a piece of doth is receiving light from the sun, all of which is absorbed 
except the waves of proper length to cause a sensation of green. The green 
waves only would then come from the cloth to the eye, all the rest being 
absorbed, and the doth would appear green. If it absorbed waves of all 
lengths, it would appear black, because no light would be reflected from it 
to the eye. If now the piece of cloth, which absorbs all wave-lengths 
except that of green, were exposed to a source of light which was emitting all 
colors except green, there being no green waves to be reflected from it, the 
doth in this light would appear black. Suppose a piece of doth absorbed all 
colors but two, say violet and red. When light having all wave-lengths fell 
upon it, it would absorb all the waves except violet and red. These two the 
doth would reflect as a mixture and would appear purple. If, however, the 
source of light contained no violet waves, it could only reflect the red waves 
and appear red. This light, then, would not cause the cloth to show its 
normal color. So in choosing an artifidal source of light, it is necessary to 
select one which will send out all wave-lengths, if we wish to have the different 
objects appear in their normal colors 

Experiment has shown that though incandescent lamps emit all wave¬ 
lengths in the visible region, they do not give them in the correct proportions 
to produce white light. The old carbon lamp gave a light which was dis¬ 
tinctly reddish in color. The modern tungsten lamp, particularly in the 
largest sizes, is much better in this respect, though the light is still far from 
white. Thus where it is necessary to match colors, special filters must be 
used in front of the lamps. These cut out some of the red rays and give a 
nearly white light at the expense of efficiency. Except for color matching, 
the color of the clear or frosted Mazda lamp is usually considered satisfactory. 

Vision. As previously stated, the eye is only sensitive to a certain limited 
band of wave-lengths and is blind to electromagnetic waves of other lengths. 
It sees the waves of lengths from about 0.00004 to 0.00007 cm as different 
colors, ranging from a deep violet at the former to a deep red at the latter 
limit. But it does not see all colors equally well. It favors the yellow-green, 
and becomes less and less sensitive as the ends of the visible spectrum are 
approached. This is shown in Table I, which gives the internationally 
accepted values of relative visibility. These results are an average of tests 
made by a large number of observers. 
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Wave-length 

Relative 

visibility 

Wave-length 

Relative 

visibility 





0.000056 cm 

0 995 


41 


Yellow. . 

57 

0 952 

Violet ... ■ 

42 


58 

0.870 

43 

0 0116 


59 

0.757 


44 






45 

0.038 


60 

0 631 


46 

0 060 

Orange.. - 

61 

62 

0 503 

0 381 

Blue . 

47 

0 091 


63 

0 265 


48 

0.139 


f 64 

0 175 


r 49 

0 208 


65 

0 107 


50 

0 323 


66 

0 061 


51 

0 503 

Red.. . < 

67 


Green . « 

52 

0 710 


68 

0 017 


53 

0 862 


69 

0 0082 


54 

0 954 



0.0041 


55 

0.995 





Luminous Flux. Quantity of light is measured in lumens.* Exactly how 
the lumen is measured and how it is standardized need not concern us here. 
For this information the reader is referred to any text on illumination. Suf¬ 
fice it to say that the total amount of light emitted by light sources is meas¬ 
ured in lumens, values being furnished by the lamp manufacturers. In the 
earlier days of the industry, incandescent lamps were rated in candles but 
this has been superseded by the specification of lumens. Thus the luminous 
flux from an ordinary 100-watt frosted-globe tungsten lamp is 1 340 lumens. 
This can be redirected by various kinds of reflectors or luminaires, and 
finally it can be spread over a portion of a room to give a satisfactory illumi¬ 
nation. 

Illumination. By the illumination of a surface we mean the amount of 
light falling upon a unit area of that surface. Illumination is usually expressed 
in lumens per square foot or foot-candles. The two terms are synony¬ 
mous, but the former is the preferable one and will be used in this treatise. 

For instance, a desk-lamp using a 25-watt bulb and directing 200 lumens 
of light onto a desk 3 ft X 4 ft will produce an average illumination of 

- --- -- - 16.7 lumens/ft 8 

3X4 

Intensity of a Point Source. A point source of light is said to have an 
intensity of one candle if it illuminates a sphere of one-foot radius to one 
lumen/ft 2 when the light is placed at the center of this sphere. For engineer¬ 
ing purposes it is usually permissible to consider incandescent lamps and even 
luminaires as point sources. 

Brightness. For light sources which are not point sources, the term 
brightness may be used. The brightness of a luminous surface is defined 

• The internationally accepted definition of light or luminous flux is the rate of flow of 
radiant energy evaluated with respect to the visual sensation. It is measured in lumens. 
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as the intensity per unit of projected area, and is often expressed in candles 

PER SQUARE FOOT. 

Measurement of Illumination. The eye is notoriously poor as an instru¬ 
ment for the measurement of illumination. Like the ear, it is capable of 
detecting small differences but cannot give absolute values with any 
degree of accuracy. Thus to determine whether the illumination produced 
by an existing lighting installation is sufficient or satisfactory as regards uni¬ 
formity, some form of measuring instrument is necessary. Two types are 
in use today—the foot-candle meter and the Macbeth illuminometer. 

The foot-candle meter is shown in Fig. 1. A series of translucent open¬ 
ings in the top panel is lighted from within by a small incandescent lamp 



which is so arranged that the openings constitute a series of spots varying 
from very low brightness on the left to great brightness on the right. The 
internal lamp is operated from a flash-light battery within the case, and the 
rheostat (lower right) is adjusted to give constant voltage across the lamp as 
indicated by the voltmeter (lower left). To determine the illumination at 
any point, on a desk, for instance, the meter is placed on the desk at that 
point, the rheostat is adjusted to give rated voltage, and the illumination 
is read of! the scale of the instrument by selecting the particular spot which 
appears to be the same brightness as its background. 

The Macbeth illuminometer (Fig. 2) is a much more accurate and versa¬ 
tile instrument. Besides the instrument proper shown in Fig. 2, there is 
included a battery box with rheostats and ammeter for supplying the lamp, 
portable standard lamp, test-plate, Alters, test-plate tripod, etc. The instru¬ 
ment is generally used with a special glass test-plate about 6 in in diameter, 
which is placed where the illumination is to be measured. The illuminometer 
is then sighted on the test-plate and the internal lamp is moved back and 
forth until the two comparison surfaces appear to be of the same brightness. 
The illumination (lumen/ft* or foot-candles) is then read directly on a scale 
attached to the movable lamp. 
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If the illumination is greater than 25 or less than 1 lumen/ft 1 , filters can be 
used to extend the range. For daylight illumination a special filter is used 
to give a good color match in order to facilitate the measurements 



* From Westinghouse Lamp Co. Bulletin E-101 


Light Sources 

The Sun. The sun is still used for interior illumination more than any 
artificial source. It has a diameter of 865 000 miles, is at a distance of 
approximately 93 000 000 miles, and has a brightness of the order of 200 000 
candles per cm 2 . This brightness is greatly in excess of anything obtainable 
on the earth. As noted from Table II, the crater of the carbon arc is only 
about Y\ 2 as bright. The light received from the sun contains all colors 
but is somewhat stronger in the center of the spectrum (yellow-green) than 
at the ends of the spectrum. It is an interesting fact that our eyes are 
also most sensitive to light of this color, which would seem to indicate that 
by a process of evolution the eye has fitted itself particularly to sunlight. 

Incandescent Lamps. Since the first incandescent lamp of 1879 there has 
been continuous progress leading to greater efficiency and whiter light. (See 
Table III.) This has been brought about by improvements in the technique 
of manufacture and by the use of filament materials which can be operated at 
higher temperatures. As the temperature of the filament is raised the amount 
of light increases very rapidly and becomes more nearly white in color. 

The light given off by a lamp is measured in lumens, while the electrical 
input is expressed in watts. Thus the efficiency is usually given in lumens 
per watt. Efficiency can also be expressed in per cent by using the experi¬ 
mentally determined relation that 670 lumens «=» 1 watt. For instance, the 
ordinary 100-watt lamp has an efficiency of 13.8 lumens/watt. In per cent 
13 8 

this is- - 2.0% efficiency. Expressed in this way, the best of modern 

670 

lamps show themselves to be distressingly inefficient. A large proportion of 
the energy given off by incandescent lamps is in the form of long infra-red 
rays which give no sensation of light but heat any objects on which they fall. 
That this heat must be taken into account in some cases is shown by the fact 
that in the ballroom of the St. George Hotel, Brooklyn, N. Y., 2 500 sq ft 
of direct heating surface were eliminated because of the large number of lamps 
used for lighting. 

Mazda B and Mazda C Lamps. Two types of lamps are made today-—the 
vacuum lamp (Mazda B) and the gas-filled lamp (Mazda C). The aim of 
the lamp manufacturers is to operate filaments at the highest temperature 
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consistent with a life of 1 000 hours. In a vacuum lamp this temperature is 
limited not by the melting-point of tungsten but by the large amount of 
tungsten which is evaporated from the filament at high temperatures. This 
evaporated tungsten deposits on the bulb in the form of a black powder which 
cuts down the life. Thus in a vaccum lamp it is necessary to operate the 
filament far below the melting-point to prevent blackening of the bulb. 


Table II. Brightness of Some Light Sources 


Source 

Temperature, 
deg. K 

Brightness, 

candles/cm* 

Sun. . 


200 000 

Clear sky (average). 


0.4 

Searchlight arc. . 


50 000 

Crater of solid carbon arc. 


16 000 

Mercury vapor lamp . 


2.3 

900-watt projection lamp. 

3 290 

2 630 

1 000-watt tungsten lamp . 

2 990 

1 210 

500-watt tungsten lamp. 

2 930 

1 000 

100 -watt tungsten lamp. 

2 760 

579 

40-watt tungsten lamp. 

2 465 

203 

Metalized-carbon lamp (G. E. M.). 

2 195 

78.1 

Treated-carbon lamp ... ... 

2 165 

70.6 

Untreated—carbon lamp. 

2 080 

54.9 

Candle flame . . 


0.5 

Welsb&ch gas-mantle. 

1 900 

5 


It has been found, however, that by filling the bulb with an inert gas the 
evaporation of the filament is greatly reduced, and thus it is possible to operate 
the filament at a higher temperature. At the present time all 115-volt lamps 
above 40 watts are gas-filled. With small lamps the loss in heat by convec¬ 
tion currents in the gas more than balances the gain due to higher filament 
temperature, so that vacuum lamps are more efficient than gas-filled lamps 
in the small sizes. 


Table III. Improvements in Incandescent Lamps 


Date 

Lamp 

Approximate 

efficiency, 

lumens/watt 

1879 

Edison's first successful lamp (carbonized thread 
filament).. 

mm 

1881 

First commercial lamps (carbonized bamboo).... 


1893 

Carbonized cellulose filament . . 


1905 

Metallized carbon filament (G. E. M.). 


1906 

Tantalum filament . 

4.8 

1907 

Pressed tungsten filament. 

8 

1911 

| Drawn tungsten filament (vacuum). 

10 

1913 

| Drawn tungsten filament (gas-filled lamp). 

20 


Effect of Line Voltage. It is of the utmost importance that the lamps be 
correctly chosen as to voltage. If the actual voltage is 115, lamps rated at 
115 volts should be used. The use of 120-volt lamps will give illumina- 
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tion which is poor both in amount and color. It seems better to err by using 
lamps rated at too low a voltage rather than the reverse. While it is true 
that this will reduce the life of the lamps, the efficiency will be considerably 
increased, which may more than compensate economically for the increased 
cost of lamp renewals. 

A rough rule applicable over a small change of voltage is as follows: 

A 1% increase in voltage causes a 1.5% increase in watts, a 3.5% increase 
in lumens, a 1.8% increase in efficiency and a 13% decrease in life. 

More accurate formulas are: 


Wx (Vi\ n 

W 2 ” \Vj 



in which W\ ■■ watts input at voltage Vi; 

W% ■» rated watts; 

F\ « lumens at voltage V \; 

F 2 — rated lumens; 

Zi - life at voltage V\\ 

L 2 - rated life; 

V\ — voltage at which lamp is operated; 

V% - rated voltage. 

The constants n , k, and d are as follows: 

Type of Lamp n k d 

Vacuum 1.54 3.38 13.1 

Gas-filled 1.58 3.51 13.5 

Example. A 300-watt 120-volt lamp is operated at 112 volts. What are 
the characteristics? 

Reference to Table IV shows that the standard 300-watt lamp emits 5 400 
lumens and has a life of 1 000 hours at rated voltage. 

At 112 volts, the input will be 

( 112\ 

—J - 270 watts 

The luminous output will be 

/112\ 8 * 51 

Fi «=* 5 400 \ T^q) “ 4 260 lumens 

The life will be 

( 1 1 2\ 13 * B 

—J - 2 490 hours 

The efficiency will be 

Fi/W\ - 15.8 lumens/watt. 

Thus the life is more than doubled but the efficiency has been reduced from 
18.0 to 15.8 lumens per watt. 
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Table IV. Data on Some Standard Mazda Lamps 


(Data compiled from Manufacturers’ Schedules, Large Mazda Lamps, National 
Lamp Works.) 


Watts 

Bulb 

Type 

Service 

Initial 

lumens 

Initial 

lumens 

/watt 

Rated 

life, 

hr 

10 

S-14 clear 

B 

Sign. 

76 

7 6 

1500 

15 

A-17 

B 

General. 

138 

O 2 

1 000 

15 

G-16M white 

B 

Decorative. 

122 

8.1 

600 

25 

A-19 

B 

General. 

250 

10.0 

1 000 

25 

A-19 daylight 

B 

Sign. 

166 

6.6 

1 000 

25 

G-lwhite 

B 

Decorative. 

230 

9.2 

750 

40 

A-19 

C 

General. 

424 

10.6 

1 000 

40 

T-8 clear 

B 

Limited. 

400 

10.0 

1 000 

40 

G-25 white 

B 

Decorative. 

400 

10.0 

750 

50 

A-21 

C 

General. 

560 

11 2 

1 000 

50 

T-8 clear 

C 

Projection . 

725 

14 5 

50 

60 

A-21 

C 

General. 

714 

11 9 

1 000 

60 

A-21 daylight 

C 

General. 

464 

7 7 

1 000 

75 

A-23 

C 

General. 

968 

12.9 

1 000 

100 

A-23 

C 

General. 

1 400 

14 0 

1 000 

100 

A-23 day 

C 

General. 

910 

9. 1 

1 000 

100 

T-8H clear 

C 

Projection. 

1 780 

17 8 

50 

150 

PS-25 clear 

C 

General. 

2 355 

15.7 

1 000 

150 

PS-25 daylight 

c 

General. 

1 531 

10 2 

1 000 

200 

PS-30 clear 

c 

General. 

3 380 

16.9 

1 000 

200 

PS-30 W. B * 

c 

General. 



1000 

200 

PS-30 daylight 

c 

General. 

2 197 

11.0 

1 000 

250 

G-30 clear 

c 

Floodlight. 

3 625 

14 5 

800 

300 

PS-35 clear 

c 

General. 

5 490 

18.3 

1 000 

300 

PS-35 W. B * 

c 

General. 



1 000 

300 

PS-35 daylight 

c 

General. 

3 569 

11.9 

1 000 

500 

G-40 clear 

c 

Floodlight. 

8 300 

16 6 

800 

500 

PS-40 clear 

c 

General. 

9 750 

19 5 

1000 

500 

PS-40 W. B * 

c 

General. 



1 000 

500 

PS-40 daylight 

c 

General. 

6 338 

12 7 

1000 

750 

PS-52 clear 

c 

General . 

14 700 

19.6 

1 000 

750 

PS-52 W. B* 

c 

General.... 



1000 

1000 

PS-52 clear 

c 

General. 

20 600 

20.6 

1 000 

1000 

PS-52 W. B * 

c 

General. 



1 000 


* White bowl. 


All the above lamps are for 110, 115, or 120 volts. Type “B” is vacuum 
type; type “C” is gas-filled. Sizes below 250 watts have medium screw 
base; lamps above 250 watts are usually fitted with mogul base. 

Lamp Data. Table IV gives a list of the lamps most frequently used for 
interior illumination and for building floodlighting. The bulbs are designated 
by a letter and a number, the former referring to the shape of the globe and 
the latter to its diameter. P is pear-shaped, S is straight-side, T is tubular, 
G is spherical. The number gives the largest diameter of the bulb in eighths 
of an inch. Thus a T-8 lamp has a tubular bulb 8 eighths or one inch in 
diameter. 

Mercury Vapor Lamps. Another type of lamp used in industrial lighting 
is the mercury vapor lamp manufactured by the General Electric Vapor 
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Lamp Co. Fig. 3 shows the general appearance of the unit. Its character¬ 
istics are as follows: 

Watts — 450 

Lumens ■ 5 625 

Lumens per watt = 12.5 

The light is a blue-green color; and, because of the entire absence of red 
or orange, cannot be used where colors must be seen in their true values. 
However, it is finding wide use in certain industrial applications such as 
machine shops wood-working plants, textile mills, drafting offices, and news¬ 



paper composing rooms. It is particularly fitted for inspection of many 
products since the almost monochromatic nature of the light promotes high 
visual acuity. 

Calculation of Illumination 

The Ideal Case. Consider first the ideal case of a perfect luminaire which 
absorbs no light, perfectly reflecting walls and ceiling, and an absorbing floor. 
Then all the light emitted by the lamp will be absorbed ultimately by the 
floor, no matter in what direction it is emitted by the luminaire or how many 
times it is reflected by walls or ceiling. Thus if the total light emitted by the 
lamp is F lumens, all this light must be distributed over the floor and the 
AVERAGE ILLUMINATION IS 

E - ~ (lumens/ft 2 ) (1) 

A 

where A is the floor area in sq ft. 

The Coefficient of Utilization. In the actual case, some light is always 
absorbed by the luminaire, and if part of the output of the luminaire is 
directed at the ceiling or walls, a portion will be absorbed by them. So the 
illumination on the working plane will be reduced below the value (1). It is 
usual to introduce the coefficient of utilization ( k u ) to take care of this 
absorption of light. Thus in the actual room, 



k u is always less than unity and approaches one the more closely the room 
and luminaire approach the ideal. k u is a sort of efficiency—it tells how 
well the installation utilizes the light produced by the lamps. 

It is evident that anything which affects the light distribution of the 
(uminaire or the amount of light absorbed by the walls and ceiling will affect 
the coefficient of utilization. Thus k u is a function of (l) The luminaire; 
(2) shape of room; (1) reflection factor of walls; (4) reflection factor of 
ceiling. The results of a large number of illumination measurements made 
with various-shaped rooms and different reflection factors of walls and ceiling 



Illumination of Buildings 


[Chap. 33 


resulted in a set of tables by which the coefficient of utilization can be found 
in any ordinary case. 

Table V.* Room Index for Narrow and Average Rooms 


Feet 


For indirect lighting 
use ceiling height 



For direct lighting 
use mounting height 


Room Room 

width, ft length, ft 


7 and 

8 and 

9 and 


sy 2 

9 l A 
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Table V* (Continued). Room Index for Narrow and Average Rooms 



I 

1 

Feet 

! 

For indirect lighting) 
use ceiling height j 

9 and 

9 H 

10 to 

11 H 

12 to 

13 K 

14 to 

mi 

17 to 
20 

21 to 
24 

25 to 
30 



Feet 

For direct lighting 1 
use mounting heightJ 

7 and 

7 H 

8 and 
8 M 

9 and 

9 H 

10 to 

ny 2 

12 to 
13H 

14 to 
16H 

17 to 
20 

Room 
width, ft 

Room 
length, ft 

Room index 


30-42 

3 0 

2 5 

2 5 

2 0 

1.5 

1 2 

1.0 


42-60 

3 0 

3 0 

2.5 

2.5 

1.5 

1 5 

1.0 

30 

60-90 

4 0 

3 0 

3.0 

2 5 

2 0 

1 5 

1.2 

(27-33) 

90-140 

4 0 

3 0 

3 0 

2 5 

2 0 

2 0 

1.5 


140-180 

4 0 

3.0 

3 0 

2 5 

2 0 

2 0 

1 5 


180-up 

4 0 

3 0 

3 0 

2 5 

2 0 

2 0 

1 5 


30-42 

4 0 

3 0 

2 5 

2 0 

1 5 

1.5 

1.0 


42-60 

4 0 

3 0 

3 0 

2 5 ! 

2.0 

1 5 

1 2 

36 

60-90 

5 0 

3 0 

3 0 

3 0 

2 0 

2 0 

1.5 

(34-39) 

90-140 

5 0 

4 0 

3 0 

3 0 

2 5 

2 0 

1.5 


140-200 

5 0 

4 0 

3 0 

3 0 

2 5 

2 0 

1 5 


200-up 

5 0 

4 0 

3 0 

3 0 

2 5 

2 0 

1 5 


42-60 

60-90 

90-140 

140-200 

200-up 


These values are given on 
the next page 


Room Index for Large High Rooms 


For indirect lighting) 
use ceiling height j 


For direct lighting j 
use mounting height J 


14 to 

1 6'A 

17 to 
20 

21 to 
24 

25 to 31 to 
30 36 

37 to 
50 



Feet 

10 to 
11 H 

12 to 
13M 

14 to 
16 H 

17 to 21 to 
20 24 

25 to 
30 

31 to 
36 

37 to 
50 


Room 
width, ft 

Room 
length, ft 



14—20 

1 0 


20-30 

1 0 

14 

30-42 

1 2 

(13-15 H) 

42-60 

60-90 

90-up 

1.5 

1 5 

1 5 
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Table V* (Continued). Room Index for Large High Rooms 


For indirect lightii 
use ceiling height 


For direct lighting 1 
use mounting height j 


17 to 
20 

21 to 
24 

25 to 
30 

31 

3 

to 

6 

37 to 

50 

Feet 


12 to 

14 to 

17 to 

21 

to 

25 to ! 31 to 

13) j 

16H 

20 

2 

4 

30 j 36 


Room 
width, ft 


20 

(19-21M) 


Room 
length, ft 


20-30 

30-42 

42-60 

60-90 

90-140 

140-up 



1 

0 

0 

8 

0 

6 

0 

6 



1 

0 

1 

0 

0 

8 

0 

6 



1 

2 

1 

0 

0 

8 

0 

6 

0 

6 

1 

5 

1 

2 

1 

0 

0 

8 

0 

6 

1 

S 

1 

2 

1 

0 

0 

8 

0 

6 

1 

5 

1 

2 

1 

0 

0 

8 

0 

6 

1 

0 

0 

8 

0 

8 

0 

6 



1 

2 

1 

0 

0 

8 

0 

6 

0 

6 

1 

5 

l 

0 

1 

0 

0 

6 

0 

6 

1 

5 

1 

2 

1 

0 

0 

8 

0 

6 

1 

5 

1 

5 

1 

2 

1 

0 

0 

8 

1 

5 

1 

5 

1 

2 

1 

0 

0 

8 

1 

2 

1 , 

.0 

0 

8 

0 

8 

0 

6 

1 

■> 

1 

2 

1 

0 

0 

8 

0 

6 

2 

0 

1 

5 

1 

.2 

1 

0 

0 

6 

2 

0 

1 

5 

1 

2 

1 

0 

0 

8 

2 

0 

1 

5 

1 

5 

1 

2 

0 

8 

1 

.5 

1 

2 

1 

.0 

0 . 

8 

0 . 

6 

1 

5 

1 

5 

1 , 

.2 

1. 

0 

0 , 

6 

2 

0 

1 

5 

1 

5 

1 . 

2 

0 

8 

2 

0 

2 

0 

1 

5 

1 

2 

0 

8 

2 

0 

2, 

,0 

1 

.5 

1 

2 

1 . 

0 



2.0 

1.5 

1 2 

2.0 

1.5 

1.5 

2 5 

2 0 

1 5 

2 5 

2.0 

1.5 

2.0 

1.5 

1 2 

2 5 

2 0 

1.5 

2.5 

2.0 

1.5 

3 0 

2.5 

2 0 
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Room Index. The effect of the second factor—shape of room—is evaluated 
from Table V. This gives what is known as the room index, a factor which 
is made equal to 1 00 for a cubical room. For instance, a room 14 X 14 X 14 
ft has a room index of 1.0. It will also be noted that a high, narrow room 
has a small index caused by the comparatively large amount of light absorbed 
by the walls, while a large room with low ceiling has a large index because 
of the slight effect of the walls. 

For instance, a room 24 ft high and 12 X 25 ft has a room index of 0.6, 
while a room 15 ft high and 60 X 100 ft has a room index of 4.0. 

Calculation. Knowing the room index, the type of luminaire to be used, 
and the kind of walls and ceiling, one can refer to Table VI and obtain the 
coefficient of utilization k u . The illumination is then determined very easily 
by use of Equation (2). This gives the average illumination on the working 
plane on the assumption of new lamps, dean luminaires, and freshly finished 
ceiling. To allow for a certain amount of dust, blackening of lamp bulbs, 
etc., depreciation factors are given in Table VI. The actual average 
illumination which would be obtained some time after installation would be 


E 



(3) 


in which k<j is this depreciation factor. 

The use of Table VI requires an approximate knowledge of the reflection 
factor of walls and ceiling. This can be obtained from Table VII. 

Example. What is the average illumination on the desk level 30 in above 
the floor in an office 15 X 25 ft having a ceiling height of 12 ft? It is lighted 
by two 500-watt lamps in prismatic glass inclosing units (No. 8, Table VI) 
which are hung 9}^ ft above the floor. The walls and ceiling are fairly light 
(50% reflection factor). 

First obtain the room index from Table V. Looking in the column of 9 
and ft mounting height, one finds a room index of 1.2. 

Table VI is next used to determine the coefficient of utilization and the 
depreciation factor. The coefficient of utilization corresponding to 
this room index and this kind of walls and ceiling is seen to be 0.40. This 
means that 40% of the light emitted by the lamp actually gets down on the 
working plane. The depreciation factor under average conditions is 0.70. 
Reference to Table IV shows that the 500-watt clear lamp gives 9 850 lumens. 

Thus the illumination on the working plane is 


E 


9 850 X 2 
15 X 25 


X 0.40 X 0.70 


- 14.7 lumens/ft 2 


Design of a Lighting Installation. (1) The first step is to decide upon the 
illumination desired. Representative values are given in Tables VIII and 
IX. It should be realized, of course, that the value to be used is a matter of 
judgment on the part of the lighting engineer. The tabic, however, represents 
good practice at the present day. These values are much higher than were 
used a few years ago, the general tendency being to use higher levels of illu¬ 
mination as such become economically feasible. 
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Table VI.* A Guide to the Selection of Reflecting 



Efficiency 
based upon 

•o 

9 




Lighting unit 

a 

o 

§ 3 

£ a 

3§ 
I S 

3 A 

fl 

O 

a 

o 

!1 
§ fc 

3 ► 

s 

to 

o 

9 

O 

S a 

11 
p. P 

◄ 

a> i 

<3 

*Sb 

1 

.b 

P 

«3 

"to 

•e 

1 

qa 

« 

Shadows 


Direct Lighting—General Industrial Reflectors 



High Mounting—Industrial Reflectors 


4 

Concentrated 


9 

A + 

B 

B 

c+ 

D 

C 

A 

Prismatic 


If aI 








Reflector 


msm 

Ex¬ 

Good 

Good 

Very 

Unsatis¬ 

Fair 

Ex¬ 

Aluminum Cover 


cel¬ 



fair 

factory 


cel¬ 

Clear Lamp 


|g| 

lent 




above 


lent 

90°tol80°—14% 

/T 

IIS 





polished 



0° to 90°—65% 







surfaces 




From Westinghouse 


Maintenance 
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Equipment and Coefficients of Utilization 


Probable average 
illumination— 
as fraction of 
Initial illumination 


Aver- _. . 

Clean Dirty 

condi ’ condi- condi - 

tions tions tions Room 


Very light (70%) Fairly light (50%) Fai ( r ^' rk 


- Walls >,0 
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Table VI* (Continued). A Guide to the Selection 


Lighting unit 


Efficiency ^ 
based upon » 

j § 


*g i! r I 
«SS i 
a a < 


High Mounting—Industrial Reflectors (continued) 


Mirrored 
Glass Reflector 
Clear Lamp 
90° to 180°—0% 
0° to 60°—70% 



Ex- Good Good Very Unsatis- Fair Ex¬ 
cel- fair factory cel- 

lent above lent 

polished 
surfaces 


6 

Polished 
Aluminum 
Reflector 
Clear Lamp 
90° to 180°—0% 
0° to 90°—72% 



A-f* B B C D C+ A- 

Ex- Good Good Very Unsatis- Fair Very 
cel- fair factory good 

lent above 

polished 
surfaces 


7 

White Glass 


Enclosing Globe 
90° to 180°—3591 

'v 

0° to 90°—45% 



Store and General Utility Units 


Prismatic Glass 
Enclosing Unit 
90° to 180°—2 7 % 
0° to 90°—53% 



From Westinghouae? 
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of Reflecting Equipment and Coefficients of Utilization 



Lamp Co. Bulletin E-108. 
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Table VI* (Continued). A Guide to the Selection 



12 

J 

Enclosed 

m 

Semi-Indirect 

\ 

Prismatic Glass 


90° to 180°—69% 


0° to 90°—17% 





* From Westinghouse 


Mainti 
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of Reflecting Equipment and Coefficients of Utilization 


Depreciation 

Factor 


Very light (70%) 



Lamp Co. Bulletin £-108. 
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Table VI* (Continued). A Guide to the Selection 



* From Westinghouse 
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of Reflecting Equipment and Coefficients of Utilization 


Depreciation 

Factor 

Ceil¬ 

ing 

Very light (70%) 

Fairly light (50%) 

Fairly dark 

(30%) 

Walls 

Fairly light 

(50%) 

Fairly dark 

(30%) 

Very dark 

(10%) 

Fairly light 

(50%) 

Fairly dark 

(30%) 

Very dark 

(10%) 

Fairly dark 

(30%) 

Very dark 

(10%) 

Clean 

condi¬ 

tion 

Aver¬ 

age 

condi¬ 

tion 

Dirty 

condi¬ 

tion 

Room 

index 

Coefficients of utilization 


Calculation Data— 

Semi-Indirect and Indirect Units (continued) 




0.6 

. 18 

15 

.13 

15 

12 

.10 

10 

.08 




0 8 

.22 

19 

17 

.19 

16 

. 14 

.13 

.11 




1.0 

.25 

.22 

20 

.21 

18 

.16 

.15 

.13 




1 2 

.28 

25 

22 

.24 

21 

.19 

.16 

.15 




1 5 

.31 

27 

24 

.26 

22 

.21 

.17 

.16 

70 

60 


2 0 

.34 

31 

.28 

28 

25 

.24 

.20 

.19 




2.5 

.37 

.34 

.32 

.30 

28 

26 

22 

.21 




3 0 

.39 

.36 

34 

32 

29 

.28 

.23 

.22 




4 0 

43 

.40 

37 

.34 

32 

.31 

.25 

.24 




5 0 

44 

41 

40 

.36 

34 

32 

.26 

.25 




0 6 

. 15 

. 12 

10 

.11 

.09 

07 

.05 

.04 




0 8 

18 

. 15 

. 13 

.13 

. 11 

09 

.07 

.06 




1 0 

22 

19 

. 16 

.15 

.13 

.11 

.08 

.07 




1 2 

.25 

.22 

19 

18 

. 15 

. 13 

09 

.08 




1.5 

.27 

.24 

.21 

20 

17 

15 

.10 

.09 

. 70 

60 


2 0 

.30 

.27 

.25 

.22 

. 19 

.17 

.11 

.10 




2 5 

.34 

31 

.28 

.24 

.22 

.20 

.13 

.12 




3 0 

.36 

.33 

.30 

.26 

.24 

.22 

.14 

.13 




4 0 

.40 

.37 

.34 

.28 

26 

.24 

15 1 

.14 




5 0 

42 

39 

37 i 

30 | 

28 

26 

17 | 

.15 


Lamp Co. Bulletin E-108. 
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Table VII. Reflection Factors for Typical Walls and Ceilings 





Reflection 

Surface 

Class 

Color 

factor 



White 

0.81 

Paint. . 

Very light . 

Ivory 

0.79 



Cream. . . 

0.74 



Buff.. . . 

0.63 

Paint. . 

Fairly light . .. 

Light green . . 

Light gray .. . 

0.63 

0.58 



Light blue 

0.58 



Tan 

0.48 

Paint. . . . 

Fairly dark. 

Dark gray . 

0.26 



Olive green. 

0.17 



Light oak ... 

0.32 

Wood 

Fairly dark 

Dark oak... 

0.13 


* 

Mahogany 

0.08 

Cement 

Fairly dark 

Natural . 

0.25 

Brick . 


Red .... 

0.13 
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Table Yin. Present Standards of Illumination for Industrial 
Interiors * 



Lumens/ft 2 

recommended 


Good 

practice 

Mini¬ 

mum 

Aisles, Stairways, Passageways 

3 

2 

Assembling: 



Rough.... . 

8 

5 

Medium ... .... 

12 

8 

Fine. . 

20 

12 

Extra fine. 

50-100 

25 

Automobile Manufacturing: 



Automatic screw machines . ... 

15 

10 

Assembly line 

15 

10 

Frame assembly.... . 

12 

8 

Tool-making. 

20 

12 

Body Manufacturing—Assembly, finishing and inspecting 

50-100 

25 

Bakeries .... 

12 

8 

Book-binding: 



Folding, assembling, pasting, etc ... 

8 

5 

Cutting, punching and stitching . ... 

12 

8 

Embossing ... ... 

15 

10 

Candy-making. ... . .... . 

12 

8 

Canning and Preserving 

12 


Chemical Works: 

Hand furnaces, boiling tanks, stationary driers, stationary 


H 

or gravity crystallizing 

5 


Mechanical furnaces, generators and stills, mechanical 
driers, evaporators, filtration, mechanical crystallizing. 


n 

bleaching. . 

6 


Tanks for cooking, extractors, percolators, mtrators, elec¬ 



trolytic cells. 

10 

n 

Clay Products and Cements: 



Grinding, filter presses, kiln rooms . 

5 

3 

Molding, pressing, cleaning and trimming... . 

8 

5 

Enameling . 

10 

6 

Color and glazing. ... 

15 

10 

Cloth Products: 



Cutting, inspecting, sewing—Light goods. 

15 

10 

Dark goods 

50-100 

25 

Pressing, cloth treating (oilcloth, etc.)—Light goods 

12 

8 

Dai k goods . 

20 

12 

Coal Breaking and Washing, Screening 

5 

3 

Construction—Indoor general 

5 

3 

Dairy Products 

12 

8 

Electric Manufacturing: 



Storage battery, molding of grids, charging room 

10 

6 

Coil and armature winding, mica work ng, insulating 



processes . . 

20 

12 

Elevator—Freight and Passenger. . 

8 

5 

Engraving.. 

50-100 

25 

Forge Shops and Welding. . 

10 

6 
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Table Vm (Continued). Present Standards of Illumination for 
Industrial Interiors * 

Lumens/ft 2 
recommended 


Good Mini¬ 
practice mum 


Foundries: 

Charging floor, tumbling, cleaning, pouring and shaking out 

8 

5 

Rough molding and core-making . . 

10 

6 

Fine molding and core-making. . . . 

15 

10 

Garage—Automobiles: 

Storage—Dead.. . . . . . 

3 

2 

Live .... . . . . 

8 

5 

Repair department and washing . 

15 

10 

Glass Works: 

Mix and furnace-rooms, pressing and Lehr, glass-blowing 
machines ... 

10 

6 

Grinding, cutting glass to size, silvering 

12 

8 

Fine grinding, etching and decorating 

15 

10 

Glass cutting (cut glass) ... 

25-50 

15 

Fine polishing and inspecting. 

25-50 

15 

Glove Manufacturing: 

Light Goods—Cutting, pressing, knitting 

12 

8 

Sorting, stitching, trimming and inspect¬ 
ing .... 

15 

10 

Dark Goods—Cutting, pressing, knitting 

15 

10 

Sorting stitching, trimming and inspect¬ 
ing .. . 

50-100 

25 

Hat Manufacturing: 

Dyeing, stiffening, braiding, cleaning and refining— 

Light. . ... .... 

10 

6 

Dark ... ... 

1 15 

10 

Forming, sizing, pouncing, flanging, finishing, ironing— 
Light. .... 

12 

8 

Dark. . . ... 

15 

10 

Sewing—Light. . 

15 

10 

Dark .... . 

50-100 

25 

Ice-Making: 

10 

6 

Engine and compressor room_ . .... 

10 I 

6 

Inspecting: 

Rough. . 

10 

6 

Medium. . 

15 

10 

Fine. . . 

25 

15 

Extra fine . . 

50-100 

25 

Glossy or polished surfaces. 

Special 

glint 


light 

mg 

Jewelry and Watch Manufacturing. . . . 

50-100 

25- 

Laundries and Dry Cleaning. 

12 

8 

Leather Manufacturing: 

Vats. . 

5 

3 

Cleaning, tanning and stretching. 

6 

4 

Cutting, fleshing and stuffing. . 

10 

6 

Finishing and scarfing. 

15 

10 
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Table VIII (Continued). Present Standards of Illumination for 
Industrial Interiors * 



Lumens /ft* 
recommended 


Good 

practice 

Mini¬ 

mum 

Leather Working: 



Pressing, winding and glazing—Light. 

12 

8 

Dark. 

13 

10 

Grading, matching, cutting, scarfing, sewing—Light . . 

IS 

10 

Dark 

50-100 

25 

Locker Rooms. 

6 

4 

Machine Shops: 



Rough bench and machine work. 

10 

6 

Medium bench and machine work, ordinary automatic 



machines, rough grinding, medium buffing and polishing 

15 

10 

Fine bench and machine work, fine automatic machines. 



medium grinding, fine buffing and polishing . 

20 

12 

Extra fine bench and machine work, grinding (fine work) 

50-100 

25 

Meat Packing: 



Slaughtering .... . . 

8 

5 

Cleaning, cutting, cooking, grinding, canning, packing 

12 

8 

Milling—Grain Foods: 

- 


Cleaning, grinding and rolling. 

8 

5 

Baking or roasting . . . 

12 

8 

Flour grading . 

25 

15 

Offices: 



Private and general—Close work. 

15 

10 

No close work. 

I'd 

8 

Drafting-room. 

25 

15 

Packing: 



Crating. ... . 

6 

4 

Boxing. . . . 

10 

6 

Pamt Manufacturing. . . .... 

10 

6 

Paint Shops: 



Dipping, spraying, firing. ... . 

8 

5 

Rubbing, ordinary hand-painting and finishing 

12 

8 

Fine hand-painting and finishing ... 

15 

10 

Extra fine hand painting and finishing (automobile bodies. 



piano cases, etc) . . . . 

50-100 

25 

Paper Box Manufacturing: 



Light. 

10 

6 

Dark. 

12 

8 

Storage of stock. 

5 

3 

Paper Manufacturing: 



Beaters, machine grinding. 

6 

4 

Calendering. ... . . 

10 

6 

Finishing, cutting and trimming. 

12 

8 

Plating ... . . 

8 

5 

Polishing and Burnishing.. . 

12 

8 
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Table VIII (Continued). Present Standards of Illumination tor 

Industrial Interiors * 



Lumens/ft 2 

recommended 


Good 

practice 

Mini¬ 

mum 

Power Plants, Engine Rooms: 

Boilers, coal and ash handling, storage, battery rooms. . . 

5 

3 

Auxiliary equipment, oil switches and transformers 

8 

5 

Switchboard, engines, generators, blowers, compressors. . 

10 

6 

Printing Industries. 

Matrixing, and casting, miscellaneous machines, presses 

12 

8 

Proof-reading, lithographing, electrotyping. . 

15 

10 

Linotype, monotype, typesetting, imposing stone, engrav¬ 
ing. . . . . 

50-100 

25 

Receiving and Shipping . 

6 

4 

Rubber Manufacturing and Products: 

Calenders, compounding mills, fabric preparation, stock¬ 
cutting, tubing-machines, solid tire operations, mechan¬ 
ical goods, building, vulcanizing 

12 

8 

Bead building, pneumatic tire building and finishing, inner- 
tube operation, mechanical goods trimming, treading 

15 

10 

Sheet Metal Works: 

Miscellaneous machines, ordinary bench work... . 

12 

8 

Punches, presses, shears, stamps, welders, spinning, fine 
bench work . 

15 

10 

Tin plate inspection . 

25 

15 

Shoe Manufacturing: 

Hand turning, miscellaneous bench and machine work 

12 

8 

Inspecting and sorting raw material, cutting, lasting and 
welting (light) . 

15 

10 

Inspecting and sorting raw material, cutting, stitching 
(dark). .... 

50-100 

25 

Soap Manufacturing: 

Kettle-houses, cutting, soap-chip and powder 

8 

5 

Stamping, wrapping and packing, filling and packing soap- 
powder.. . ... 

10 

6 

Steel and Iron Mills, Bar, Sheet and Wire Products: 

Soaking pits and reheating furnaces. 

3 

2 

Charging and casting floors 

6 

4 

Muck and heavy rolling, shearing, rough by gauge, pickling 
and cleaning 

8 

5 

Plate inspection, chipping. 

25 

15 

Automatic machines, red, light and cold rolling, wire¬ 
drawing, sheering, fine by line 

12 

8 

Stone Crushing and Screening: 



Belt conveyor tubes, main line shafting, spaces, chute 
rooms, inside of bins 

3 

2 

Primary breaker room, auxiliary breakers under bins.. 

5 

3 

Screen rooms. 

_ 1 

8 

5 
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Table Vm (Continued). Present Standards of Illumination for 
Industrial Interiors * 



Lumens/ft 2 

recommended 


Good 

practice 

Mini¬ 

mum 

Store and Stock Rooms: 



Rough bulky material 

3 

2 

Medium or fine material requiring care. 

8 

5 

Structural Steel Fabrication 

10 

6 

Sugar Grading.... 

25 

15 

Testing: 



Rouhg. ... 

8 

5 

Fine.... 

15 

10 

Extra fine instruments, scales, etc 

50-100 

25 

Textile Mills: 

Cotton—Opening and lapping, carding, drawing-frame. 



roving, dyeing 

8 

5 

Spooling, spinning, drawing-in, warping, weaving, 
quilling, inspecting, knitting, slashing (over 



beam end). 

12 

8 

Silk—Winding, throwing, dyeing . 

12 

8 

Quilling, warping, wea ving and finishing—Light goods 

15 

10 

Dark goods 

20 

15 

Woolen—Carding, picking, washing and combing 

6 

4 

Twisting and dyeing . 

10 

6 

Drawing-in, warping—Light goods 

10 

6 

Dark goods. . . 

15 

10 

Weaving—Light goods . . . 

12 

8 

Dark goods . 

20 

12 

Knitting machines . . . 

15 

10 

Tobacco Products: 



Drying, stripping, general . . 

3 

2 

Grading and sorting 

25 

15 

Toilet and Wash-rooms . . 

6 

4 

Upholstering: 



Automobile, coach and furniture . . .. . 

15 

10 

Warehouse .... .. ... 

3 

2 

Woodworking: 



Rough sawing and bench work 

8 

5 

Sizing, planing, rough sanding, medium machine and 



bench work, gluing, veneering, cooperage 

12 

8 

Fine bench and machine working, fine sanding and finish. 

15 

10 


• From Westinghouse Lamp Co. Bulletin E-108. 







1808 


llluinination of Buildings 


[Chap. 33 


Table IX. Present Standards of Illumination for Commercial 
Interiors * 



Lumens/ft 3 

recommended 


Good 

practice 

Mini¬ 

mum 

Armories: 



Drill sheds. .... 

10 

6 

Exhibition halls. 

12 

8 

Art Galleries: 



General. 

5 

3 

On paintings. 

25-100 

10 

Auditoriums 

5 

3 

Automobile Show Rooms.. .... 

15 

10 

Bank: 



Lobby... ... 

10 

6 

Cages and offices.... , 

15 

10 

Barber Shop 

15 

10 

Base-Ball—Indoor Game .... 

15 

10 

Basket-Ball.. .... 

15 

10 

Bowling: 



On alley, runway and seats. 

8 

5 

On Pins. . . . . 

25 

15 

Billiards—General. 

6 

4 

| On table. . 

25 

15 

Cars: 



Baggage, day coach, dining, Pullman .. 

8 

5 

Mail—Bag racks. . .... 

12 

8 

Letter cases. 

15 

10 

Storage.. . . . . . 

6 

4 

Street railway and subway. 

10 

6 

Churches: 



Auditorium. ... 

3 

2 

Sunday-school room . . 

8 

5 

Pulpit or rostrum ... ... . . 

12 

8 

Art glass windows. 

25-50 

15 

Club-Rooms: 



Lounge. 

5 

3 




Readmg-room. 

12 

8 

Court-Rooms. 

10 

6 

Dance-Halls. . 

6 

4 

Dental Offices: 



Waiting-room. 

6 

4 

Operating office. . .... 

12 

8 

Dental chair. 

50 

25 

Depot Waiting-Room. 

8 

5 

Drafting-Room .... 

25 

15 

Elevator—Freight and passenger. . 

6 

4 

Fire Engine House: 



When alarm is turned in. 

8 

5 

At other times. . . 

3 

2 

Garage—Automobiles: 



Storage—Dead. 

3 

2 

Live. 

8 

5 

Repair department and washing. 

15 

10 
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Table IX (Continued). Present Standards of Illumination for 
Commercial Interiors * 



Lumens/ft 2 

recommended 


Good 

practice 

Mini¬ 

mum 

Gymnasiums. 



Main exercising floor. 

12 

8 

Swimming-pool 

8 

5 

Shower-rooms 

6 

4 

Looker-rooms 

6 

4 

Fencing, boxing, wrestling 

12 

8 

Halls, Passageways in Interiors. 

3 

2 

Handball 

25 

15 

Hospitals: 



Lobby and reception room . 

6 

4 

Corridors 

3 

2 

Wards (with local illumination). 

5 

3 

Private rooms 

8 

5 

Night illumination 

0 2 

0 1 

Operating-table 

100-2C0 

75 

Operating-room 

15 

10 

Laboratories 

15 

10 

Hotels: 



Lobby 

8 

5 

Dining-room 

6 

4 

Kitchen 

10 

6 

i3ed-r<>oms 

8 

5 

Corridors 

3 

2 

Writing-room 

12 

8 

Library: 



Reading-rooms 

12 

8 

Stack-room .. . 

6 i 

4 

Lodge-Rooms 

6 

4 

Lunch-Room. 

12 

8 

Market 

12 

8 

Moving-Picture Theater: 



During intermission .... 

5 

3 

During pictures . 


0.1 

Museum: 



General . 

8 

5 

Special exhibits. 

25-100 

10 

Office-Buildings: 



Private and general offices—Close work . . . 

15 

10 

No close work. 

10 

8 

File-room ... .... ... 

6 

4 

Vault. . 

6 

4 

Reception room . 

6 

4 

Post Office: 



Lobby.. . . 

10 

6 

Work room—Sorting, mailing, etc. 

15 

10 

Storage . 

10 

6 

Private and general offices. 

15 

10 

File-room and vault . 

6 

4 

Corridors and stairways 

3 

2 
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Table IX (Continued). Present Standards of Illumination for 
Commercial Interiors* 



Lumens/ft 2 

recommended 


Good 

practice 

Mini¬ 

mum 

Railway: 



Depot—waiting-room 

8 

5 

Ticket offices . . 

12 

8 

Rest room—smoking room 

8 

5 

Baggage room—Checking office . 

12 

8 

Storage 

6 

4 

Concourse. 

6 

4 

Train platform . . 

4 

2 

Restaurants. 

8 

5 

Racquet. . 

25 

15 

Schools: 



Auditorium ... 

8 

5 

Class-rooms, library and office.... 

12 

8 

Corridors and stairways . . 

5 

3 

Drawing. 

25 

15 

Laboratories ... 

12 

8 

Manual training .. . 

12 

8 

Sewing rooms 

25 

15 

Study room—Desks. 

12 

8 

Blackboards. . . .. . 

12 

8 

f! 

Two t 

o four 

Show Cases. .. { 

times 

that of 

l 1 

the stor 

e proper 

Show Windows: 



Large cities —Brightly lighted districts. 

150 

100 

Secondary business locations. 

75 

50 

Neighborhood stores. 

50 

30 

Medium cities—Brightly lighted districts. 

75 

50 

Neighborhood stores... . ... 

50 

30 

Small cities and towns... 

50 

30 

Lighting to reduce daylight window reflections. .. j 

200- 
1 000 


Skating-Rink (Indoor) . . .... 

8 

5 

Squash. 

25 

15 

Stores: 

Large specialty and department stores— 



Main floor* . . 

15 

10 

Other floors. .... 

12 

8 

Basement store. 

15 

10 

Small stores— 



Art. 

12 

8 

Automobile supply. 

12 

8 

Bake-shop. 

12 

8 

Book. 

12 

8 

China. . 

12 

8 

Cigar. 

15 

10 

Clothing. 

15 

10 

Confectionery. 

12 

8 
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Table IX (Continued). Present Standards of Illumination for 
Commercial Interiors * 



Lumens/ft 2 

recommended 


Good 

practice 

Mini¬ 

mum 

Stores (Continued): 

Small stores (Continued): 



Dairy products ... . 

12 

8 

Decorator. . . . 

12 

8 

Drug. 

IS 

10 

Dry goods. ... . 

15 

10 

Electrical supply. 

15 

10 

Florist. 

12 

8 

Furrier. 

15 

10 

Grocery. 

12 

8 

Haberdashery 

15 

10 

Hardware... 

12 

8 

Hat. 

15 

10 

Jewelry. . 

15 

10 

Leather, handbags and trunks. 

12 

8 

Meat. 

12 

8 

Millinery. 

15 

10 

Music. 

12 

8 

Notions. 

12 

8 

Piano. 

12 

8 

Shoe. 

15 

10 

Sporting goods 

12 

8 

Tailor ... . 

15 

10 

Tobacco.... 

15 

10 

Variety store 

15 

10 

Telephone Exchange: 



Operating-rooms. .... 

8 1 

5 

Terminal rooms. ... 

12 

8 

Cable Vaults.. . . . 

6 

4 

Tennis (Indoor) 

25-50 

15 

Theaters: 



Auditorium.... 

3 

2 

Foyer .... . . . . 

8 i 

5 

Lobby 

12 

8 

Toilet and Wash-rooms. 

6 

4 


• From Westinghouse Lamp Co. Bulletin E-108. 

A point often overlooked in this connection is that even with the highest 
values now in use the illumination is much less than what we are accustomed 
to get out of doors in the shade during the day, and is even considerably less 
than we get indoors during the day. The former value is of the order of 1 000 
lumens/ft 2 , and the latter may be from about 20 to 100 lumens/ft 2 under ordi¬ 
nary conditions. Thus even in a good modern lighting installation the illu¬ 
mination is below what we are accustomed to in the daytime. 

(2) The second step is to decide upon the type of luminaire. This is 
entirely a matter of judgment. Such factors as esthetics, convenience, free¬ 
dom from glare, cost, ease of cleaning, etc., should enter. To aid in the selec- 
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tion of the best type for the purpose, the left side of Table VI may be found 
useful. 

Three General Systems of Lighting. Three systems of lighting are avail¬ 
able, each having its own types of luminaires. 

(a) Direct Lighting. A system is designated as direct when more than 
one-half the light reaches the area to be illuminated by coming directly from 
the light-source, without being reflected from the ceiling or walls. This 
includes all systems using lamps with clear, frosted, translucent, or opalescent 
globes, or reflectors, in which the light is reflected downward. It is the most 
efficient system, was the first to be used, and is still the most common. The 
color of the walls or ceiling has less effect in this system than in the others. 

(b) Indirect Lighting. A system is designated indirect when all the light 
is thrown first on the ceiling and walls, and reflected from these to the surface 
to be illuminated. Any system which conceals the source of light by opaque 
reflectors is thus indirect. Light finish must always be used on the walls and 
ceiling with this system. Even then, the efficiency is usually lower than that 
of a direct system, but the total absence of glare and shadows and the even dis¬ 
tribution of light make this a popular scheme in restaurants, show-rooms, etc., 
where decorative lighting is desired. 

(c) Semi-indirect Lighting. This system throws most of the light to the 
walls and ceiling, but allows a small percentage to be diffused through the 
reflector straight to the area to be illuminated. This system is rapidly coming 


Table X. Spacing of Outlets * 


Ceiling 

Spacing between outlets 

Spacing between outside 
outlets and wall 

Approximate 
area per 

height 
(or height in 
the clear) 

Usual 

Maximum 
(for units at 
ceiling) 

Aisles or 
storage 
next to wall 

Desks, work¬ 
benches, etc., 
against wall 

outlet 
(at usual 
spacings) 



Not more 


Not more 


ft 

ft 

than f 


than 1 

sq ft 

8 

7 

m 


3 

50-60 

9 

8 

8 


3 

60-70 

10 

9 

9 


3'A 

70-85 

11 

10 

io x 


3K 

85-100 

12 

10-12 

12 

Usually 

3!z-4 

100-150 













13 

10-12 

13 

actual 

3^-4 X 

100-150 

14 

10-13 

15 

spacing 

4-5 

100-170 

15 

10-13 

17 

between 

4-5 

100-170 

16 

10-13 

19 

units 

4-6 

100-170 

18 

10-20 

21 


4-6 

100-400 

20 

18-24 

24 


5-7 

300-500 

22 

20-25 

27 


5-7 

400-600 

24 

20-30 

30 


6~8 

400-900 

26 

25-30 

33 


8-9 

600-900 

30 and up 

25-30 

40 


8-10 

600-900 


* From Westinghouse Lamp Co. Bulletin E-108. 

t Where it is definitely known that some form of indirect lighting will be used, the 
maximum spacing between outlets may be increased about 2 feet, and the distance from 
the outside outlets to the wall may be increased by 1 ft. 
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into favor because apparently we have become accustomed to looking for the 
source of light and miss it when it is concealed as in the indirect system. The 
totally indirect fixtures often show up rather unpleasantly as a dark spot 
against a light background. This is avoided in the semi-indirect system. The 
slightly higher efficiency of this system is another advantage over the indirect. 
Any given room may usually be lighted by any one of the three systems, 
although it is generally true that conditions are such as to make one of the 
three more desirable than either of the other two. 


Table XI. Mounting Height of Lighting Units 


Direct lighting units 

Semi-indirect and 
indirect lighting 


Distance 




Recom- 

Actual 

of units 

Desirable 

Desirable 

Actual 

mended 

spacing 

from 

mounting height 

mounting height 

spacing 

suspension 

between 

floor 

in industrial 

in commercial 

between 

length j 

units 

not less 

interiors 

interiors 

units 

(top of bowl 


than 




to ceiling) 

ft 

ft 



ft 

ft 

7 

8 

12 ft above floor 


7 

1-3 

8 


if possible—to 


8 

1-3 

9 

9 

avoid glare, and 
still be within 

The actual hang- 

9 

1-3 





10 

10 

reach from step- 

ing height should 

10 

1 Mr-3 

11 

10 l 3 

ladder for clean- 

be governed 

11 

2-3 

12 

11 

ing 

largely by general 
appearance, but 

12 

2-3 






14 

12} ^ 


particularly in 

14 

2H-4 

16 

14 


offices and draft¬ 

16 

3-4 

18 

15 

Where units are 
to be mounted 

ing-rooms, the 
minimum values 

18 

3-4 





20 

16 

much more than 

shown in column 

20 

4-5 

22 

18 

12 ft it is usually 

2 should not be 

22 

4-5 

24 

20 

desirable to 
mount the units 

violated. 

24 

4-6 






26 

21 

at ceiling or on 


26 

4-6 

28 

22 

roof-trusses. 


23 

5-7 

30 

21 



30 

5-7 


(3) The location of outlets is the next step. Table X will be found 
useful here. The object is to put the lights close enough together so that the 
llluminition is uniform. If the luminaires are too far apart the illumination 
directly beneath them may be good but the values between will be poor. A 
general rule is to use a spacing between outlets approximately equal to the 
height of unit above the floor. The spacing between an outlet and the wall 
is usually made about half the spacing between two outlets. 

A very common mistake in direct lighting is to use a mounting height which 
is too low. The use of a high mounting height (even higher perhaps than the 
recommended values of Table XI) has the following advantages: 

(j) Raising the luminaire causes little change in the average illumination 
but makes the lighting more uniform. 

(b) A greater mounting height allows greater spacing between units which 
reduces the cost of wiring. 
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(c) The use of a smaller number of luminaires of large size allows the use 
of larger lamps which are more efficient. 

For indirect or semi-indirect lighting, most of the light comes from the ceil¬ 
ing, and the mounting height of the units has very little effect on the uniformity 
of illumination. 

(4) Knowing the size of room and the finish of walls and ceiling, we next 
obtain the room index (Table V) and the coefficient of utilization (Table VI). 
The total luminous output of the lamps must then be 


k y X k(t 

in which A - floor area; 

E — average illumination desired (Table VIII); 
k u “ coefficient of utilization (Table VI), 
kd — depreciation factor (Table VI). 


(4) 


(5) The luminous output of each lamp is found by dividing F by the num¬ 
ber of lamps. The nearest lamp size is then selected from Table IV. This 
completes the design of the lighting system for the room. 

The Foregoing Rules Indicate the Genera! Practice in planning the illu¬ 
mination of a room. It must be said, however, that this set of rules must not 
be followed too slavishly. In illumination no rules can take the place of judg¬ 
ment and intelligence. Each project must be considered more or less as a 
problem by itself, for which previous experience and former installations 
should be made to furnish data and to suggest methods. It is well, therefore, 
when planning the illumination of a room, to visit as many similar rooms as 
possible, note the effect of the systems in use and obtain data as to their effi¬ 
ciency, cost, etc. The most successful scheme may then be used as the basis 
for planning the desired installation. 

Example. To design the lighting system for a drafting-room 25 X 63 ft 
with a 13-ft ceiling. 

(1) According to Table IX, good practice is to use 25 lumens/ft a for 
drafting-rooms. 

(2) It is necessary that the light be unusually well diffused so that annoy¬ 
ing shadows will not be cast on the work. For this reason we shall use a 
totally indirect system. The unit decided upon is No. 14 (Table VI). 

(3) Since the ceiling height is 13 ft, a spacing between units of 13 ft is 
permissible (Table X). Using 12*4 ft spacing and 634 It between outlets 
and walls, we get 10 outlets in 2 rows of 5 each. 

(4) The room index, according to Table V, is 2.5. The walls and ceiling 
must be light to get good results with an indirect system. Using a very 
light ceiling and fairly light walls, we obtain 0.34 for the coefficient of utiliza¬ 
tion and 0.60 for the average depreciation factor (Table VI). 

Thus the total luminous output of the lamps must be by Equation (4): 

25 X 63 X 25 

F ** ——- — - - 193 000 lumens 

0.34 X 0.60 

(5) Since there are 10 lamps, the luminous output of each one must be 
19 300 lumens. The 1 000-watt lamp gives 20 400 lumens (Table IV), which 
should be satisfactory. Thus we use 10 indirect units with 1 000-watt lamps 
and obtain slightly over 25 lumens/ft 2 of very even and well-diffused light. 

A Few Modern Designs. With modern high levels of illumination, direct 
lighting of the ordinary type is very likely to produce glare as well as harsh 
shadows and uneven illumination. These defects can be eliminated by using 
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diffusing glass of sufficient area in front of the lamps. Many modern 
installations of the highest class use large wall-panels or skylights of 
etched glass, or other diffusing glass, and obtain a very pleasing effect and 
absence of glare. 

Cove lighting is also frequently used to supply a major part of the light 
This can be supplemented if desired by ornamental luminaires hung from the 
ceiling or by torchiers on the walls, the purpose of these being to add a touch 
of color or to give variety to the lighting rather than to add materially to the 
level of illumination. In this way all luminous surfaces are of low brightness 
and all traces of glare are banished. 

An example of the latter method is the fur salon of L. Bamberger & 
Company, Newark, N. J. Here cove lighting is used, 25-watt daylight lamps 
being placed on 9-in centers and concealed behind a serrated molding near 
the ceiling. Modernistic etched-glass wall-panels and luminaires by Siegel 
of Paris give a decorative effect. A total of 11 000 watts of daylight lamps 
produces an average illumination of 5 lumens/ft 2 . The room is 27 X 63 ft. 

The quotation-board room of the San Francisco stock exchange is 
another example of thoroughly modern treatment. This room is 122 ft long, 
68 ft wide, and has a 40-ft ceiling. There are no pendant fixtures, but in the 
center of the ceiling there is a panel 109 X 39 ft made up of metal and ham¬ 
mered glass. Above this panel are fifty-five 750-watt lamps and twenty 300- 
watt lamps in prismatic glass reflectors. The resulting illumination in the 
room is 30 lumens/ft 2 , and is very well diffused The board itself is illumi¬ 
nated to 75 lumens/ft 2 by a spec ; al trough containing 150-watt lamps on 8^- 
in centers. 

Daylighting of Interiors 


Until recently the problem of daylight illumination of buildings received 
but little attention. Too often windows were placed purely by guess, and 
the resulting illumination was highly uneven and inadequate. Mistakes of 
this type are difficult to remedy. 

Within the last few years, however, considerable research has been made 
on the calculation of daylighting and on the best size and location of windows. 
The method has been used recently in the design of new buildings for General 
Motors, the General Electric Company, Western Electric Company, and 
others, and has resulted in a marked improvement in the quality and quan¬ 
tity of illumination. • 

Case I. Window Perpendicular to Working-Plane. It has been shown 
by Iligbie * that a window of uniform brightness of B candlesfft 2 will produce 
an illumination at a point P of 


E 


B 

2 



cot -> 


cot y 

\/cot 2 7+1 


tan 


m 'f 


y/ cot 2 


y + 




(lumens/ft 2 ) 


in which m =• width of window (feet); 

/ — height of window (feet); 

7 *= vertical angle subtended by window. 

Values of illumination are given in Table XII for a window brightness of 200 
candles/ft 2 . This is a representative value for a dull day. The table applies 
directly only when the bottom of the window is on the level of the working- 
plane and the point P is on a perpendicular to the window as shown in Fig. 4 
By a slight modification, however, the table can be applied to any case. 


See Bibliography at end of chapter. 
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Table XII. Illumination from Rectangular Window 


Perpendicular to Working-Plane 
Lumens/It 2 for uniform window brightness of 200 candles/ft 2 


■■ 

mjf -13 

mjf 

= 3 

2 

1.5 

1.0 

0.7 


0 61 







10 

2.33 

2 

10 

1 4 




IS 

5 36 

4 

10 

3 2 

2 70 

1.76 

1 20 

20 

9 50 

8 

0 

6 6 

5.6 

4 2 

2.92 

25 

14 7 

n 

2 

11.6 

10.0 

7.7 

5 6 

30 

21.0 

19 

6 

18 4 

16 4 

12.8 

9 6 

35 

28 5 

27 

6 

26 0 

23 6 

19 6 

14 8 

40 

36 8 

36 

0 

34 2 

32.0 

27 4 

21.6 

45 

46 2 

44 

8 

43 0 

40 6 

35 2 

28.8 

50 

56 2 

54 

4 

52.4 

50.0 


38 2 

55 

67 0 

65 

6 

63.0 




60 

78.4 

77 

m 

75 0 

73.0 


61.6 

65 

90 6 

89 

6 

88 4 

86 0 


75 0 

70 

103 6 

102 

8 

101 8 


96 6 


75 

116 6 

116 

4 

116 0 

114 0 

111 0 

106 0 

80 

129 8 

129 

4 

128 8 

127 2 

125 2 

121 6 

90 

157 0 

157 

0 

157 0 

157 0 

157 0 

157 0 

y 

0.5 

0.4 

0.3 

0.25 

0.2 

0.1 

15° 

0 90 







20 

2 2 

1 

70 

1 2 




25 

4 2 

3 

3 

2 6 

2 0 

1 6 


30 

7 2 

5 

8 

4 4 

3 6 

2.8 

1 6 


11.2 

9 

2 

6 8 

5 6 

4 4 

2.4 


16 0 

13 

6 

10 2 

8 2 

6 8 

3 6 


21.4 

18 

6 

14 4 

12 0 

10 0 

5 0 


30 0 

25 

2 

20 2 

16 2 

13 0 

6.2 


40 0 

33 

6 

27 0 

22 0 

18 0 

8 8 


51 0 

44 

0 

35 6 

30.0 

24 0 

12 2 


64 0 

56 

8 

46.4 

40 2 

33 0 

17 0 


80 0 

72 

0 

60 8 

54 0 

44.0 

24 0 

75 

97.0 

89 

6 

78 2 

70 0 

60 0 

34 0 

80 

1 114.4 

108 

2 

98 4 

90 0 

80 2 

50 0 

90 

| 157 0 

157 

0 

157.0 

157 0 

157.0 

157.0 


Case II. Window Parallel to Working-Plane, 
beneath one corner of the window (Fig. 5). 


Here the point P is directly 


-?[: 


m/f 


V(clf )* + (m//)« 

1 


tan - 


: tan 


V ( elf ) 2 + (m //) 2 

m/f 


V(c/W + 1 V(c //) 2 4- 1 


Qumens/ft 2 ) 


in which E - illumination at P; 

B — brightness of window (candles/ft 2 ); 
m — larger dimension of window (feet); 
f ■» smaller dimension of window (feet); 
c - height of window above working plane (feet). 




























Daylighting of Interiors 


1817 


Table XIII. Illumination from Rectangular Window 

Parallel to Working-Plane 

Lumens/ft 2 for uniform window brightness of 200 candles/ft 2 
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Fig 5 Illumination from Horizontal Window 



Working Plane 

Fig. 6. Illumination from Window A. 
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Table XIII gives the illumination for any size window of brightness 200 can¬ 
dles/ft 2 . 

Other Positions of Windows. Tables XII and XIII apply directly only to 
the illumination at points on a perpendicular erected at a corner of the window. 
The question immediately arises as to the illumination at other points. 
This can be found very easily as shown below. 

Consider the illumination at P (Tig. 6) where the bottom of the window A 
is not on the level of the working-plane. First take the fictitious window AB. 
Tabic XII applies, and the illumination is quickly obtained. Next the value 
for the fictitious window B is determined. The true illumination at P is 
then the difference of the two, or: 

(Illumination at P due to A) 

«(Illumination due to AB) — (Illumination due to B ), 
Similarly for the window AB of Fig. 7: 

(Illumination at P due to AB) 

= (Illumination due to BD) — (Illumination due to D) 

+ (Illumination due to AC) — (Illumination due to C). 



If much work of the kind is to be done, it is advisable to plot a set of curves 
from Tables XII and XIII. Then from a blue-print of the room, the angle y 
can be read by means of a protractor, the values of m and / can be scaled off, 
and the illumination at any point determined. 

Artificial Windows. The method is also applicable to artificial lighting 
from skylights, modernistic panels, indirectly lighted ceilings, etc. In such 
cases the values of the table must be multiplied by the ratio of the actual 
brightness of the source to 200 Thus if the source has a brightness of 
50 candles/ft 2 , the values of the table must be multiplied by 50/200 - 0.25. 

Example. A room is illuminated by an artificial skylight 8 X 16 ft made 
of diffusing glass and evenly illuminated from above by incandescent lamps 
to a brightness of 100 candles/ft 2 . What is the illumination on a desk 
directly beneath the centfr of the skylight and 12 ft below it? 



Table XIV. Illumination from Vertical Side-Wall Windows 
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Taken fr->m Rand’.11 & Martin—Trans. I E S 25, 1930, d 262. 






















































Vertic J Height above Working Plane A 

15 ft 0 in I 25 ft 0 in | 35 ft 0 in j 45 ft 0 in 
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Taken from Randall & Martin—Trans. I. E. S. 25, 1930, p. 262. 
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Here the window must be considered as made up of four equal parts in 
order to get the desk beneath the corner of each part. For one section: 

m = 8 
/ - 4 
mjf =20 
c » 12.0 
cff = 3.0 

Table XIII gives 16.5 as the illumination due to such a 4 X 8-ft window with 
a brightness of 200 candles/ft 2 . For the entire 8 X 16-ft window, the illu¬ 
mination on the desk would be four times this or 66.0 lumens/ft 2 . But the 
actual brightness is not 200 candles/ft 2 =• it is only 100. Thus the actual 
illumination on the desk is 

66 0 X 100/200 =» 33 0 lumens/ft 2 

The Fenestra Method. The above is a general method applicable to many 
problems. For the special cases most used in practical daylighting, Randall 
and Martin * have formulated tables which give directly the daylight illu¬ 
mination due to windows of brightness 200 candles/ft 2 . 

Table XIV gives the illumination on a working plane which is at the level of 
the bottom of the window. It applies to steel-sash windows with clear or 
hammered glass having a transmission factor of 80%. The windows should 
have an almost unobstructed length of 200 ft or more. For any number of 
panes 20 in high, and for any distance from the window, the illumination is 
read directly from the table. In case the window is less than 200 ft long, a 
correction is applied (Fig. 8). Also if the window is dirty another correction 
(Fig. 9) is used. 

Table XV gives the illumination from vertical monitor windows. It is 
used exactly like Table XII. 

Table XVI and Table XVII are for sloping monitor windows. Here it should 
be noted that the distances are measured from the plane op the window; 
that is, from the point C on the working plane. 

Example. A steel-sash window is 6 panes high (10 ft 3 in) and 20 ft wide. 
What is the illumination at a point P on the level of the bottom of the win* 
dow and 15 ft from it? 

From Table XIV the illumination from a 200-ft window is found to be 31 0 
lumens/ft 2 . However, the window is only 20 ft wide, so Fig 8 must be used. 
This gives a factor of 0.38. So the actual illumination at P is 

31.0 X 0.38 « 11.8 lumens/ft 2 

This is for a clean window. After two months’ use, we could expect 
11.8 X 0.72 « 8.5 lumens/ft 2 

by use of Fig. 9. 

It will be noted that the Higbie method and the Fenestra method are 
based upon slightly different postulates. The Higbie method depends upon 
a theoretical treatment which assumes that the windows are of uniform 
brightness throughout, while the Fenestra method is based largely upon 
actual measurements made in buildings. In case prismatic glass is used, both 
methods will probably give values which are low for long distances from the 


See Bibliography at end of chapter- 




0 to 20 80 40 50 60 70 

Slope of Glass - Degrees from Vertical 

Fig 9. Corrections for Dirt on Glass * 

* From Randall and Martin. 


The Diffusion of Light through Windows* 

Tests on the Diffusion of Light by Glass, f The results of tests on a score 
or more of different glasses may be stated briefly. We may increase the light 
in a room 30 ft or more deep to from three to fifteen times its present value by 


* See, also, the subjects Pressed Prism-Plate Glass and Prism Glass, 
t From Report No. Ill, Insurance Engineering Experiment Station. 
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using factory-ribbed glass instead of plane glass in the upper sashes. By 
using prisms we may, under certain conditions, increase the effective light 
fifty times. The gain in effective light on substituting ribbed glass or prisms 
for plane glass is much greater when the sky-angle is small, as in the case of 
windows opening upon light-shafts or narrow alleys. The increase in the 
strength of the light directly opposite a window in which ribbed glass or 
prisms have been substituted for plane glass is at times such as to light a desk 
or table 50 ft from the window better than one 20 ft from the window had pre¬ 
viously been lighted. 

The Kinds of Glass Tested were as follows: 

(1) Ground glass of different degrees of fineness. 

(2) Rough plate or hammered glass 

(3) Ribbed or corrugated glass, with five, and eleven and twenty-one ribs to 
the inch, the corrugations being sinusoidal in outline, as in A, lug. 10, and the 
back of the plate smooth. 

(4) Glass known as maze, florfntine or figured, in which a raised pattern 
is worked upon one side, practically roughening the whole surface. 

(5) Wash-board glass, corrugated, with twenty-one ribs tothe inchonone side 

and five ribs to the inch on the 
other side, the ribs being parallel. 

(6) Skylight-glass, which has 
five ribs to the inch on each side, 
the groove on one side being op¬ 
posite the rib on the other, giving 
a sinuous section B, Fig. 10. 

(7) Ripple-glass, with rippled 
surfaces on both sides; of very 
beautiful appearance and a clear 
white color. 

(8) Glass ribbed on one side 
and figured on the other. 

(9) Ribbed glass with a wire 
net pressed into it, to increase its 
resistance to fire. 

Of these several specimens, one or two may be dismissed with brief mention. 
Ground glass is of little value, except as a softening medium for bright sun¬ 
light, Its rapidly increasing opaqueness with moisture and dust makes it 
undesirable as a window-glass. The common rough plate has very little action 
as a diffusing-medium, giving no perceptible change in the effective light. 
Ripple-glass has great value as a diffusing-medium in small rooms with nearly 
open horizon. Of the ribbed glasses, the fine Factory-Ribbed, with twenty- 
one ribs to the inch, is distinctly the best, not in all probability because of the 
fineness, but because of the greater sharpness of the corrugations. The 
Ribbed wire-glass is about 20% less effective than the ordinary Factory- 
Ribbed glass. The addition of a second corrugation upon the back of the 
plate giving the Skylight and Wash-Board glass is of no apparent value. The 
raised pattern imprinted upon one surface of the glass, as in the case of the 
Maze glass, gives the widest diffusion, especially in bright sunlight. A raised 
figure, when worked upon the back of the Ribbed glass, renders it less offensive 
to the eye in bright sunlight, but less effective in deep rooms. The only 
glasses of this group which it is worth while, then, to discuss further are the 
Factory-Ribbed and the Maze glass. The second group comprises various 
prism glasses (Fig. 10). 
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Conclusions. (1) The conditions in a room less than 15 ft deep are such 
that, except with a skylight of less than 45°, it is not advisable to alter the 
general course of the light by using a prismatic or ribbed glass. A nearly 
hemispherical diffusion, such as is given by the Maze or Ripple-glass, is ordi¬ 
narily preferable. 

(2) When a room is from 20 to 60 ft deep, or even more, and has a skylight 
of 60° or less, the ribbed and prismatic glass results in a very great gain in 
effective light. The gain in brilliancy is such as to make a basement with 
prism-canopies as light as a second story with plane glass. 

Rooms with windows Opening upon light- 


shafts and narrow alleys with very limited 
openings to the sky, where the available 
light is now small, may have the light 20 ft 
back from the window increased ten or 
twenty times by using prisms; and, by using 
canopies of prisms, it is sometimes possible to 




Fig. 11.—Refraction of Light in Ribbed and Fig. 12. Basement and First Story 
Prism-glass Lighted from Court 


strengthen the light fifty to one hundred times. With sky-angles of 30°, or less, 
and in deep rooms, the relative efficiency of the prism tile increases greatly. The 
refraction of the incident ray in a case of the ribbed glass and prism is shown 
in Fig. 11. Ribbed and maze glass are of very great value in softening the 
light, especially in the case of such windows as are exposed to the direct sun, 
aside from their effectiveness in strengthening the light at distant points. 
With the Maze glass, the artist may have, in all weather and in all directions, 
what is in effect a much-desired north light. The photographer may have 
in this way as well diffused a light as he now has with cloth screens or shades, 
and with a much greater intensity. To be efficient in rooms 20 ft deep or 
more, ribbed glass should be set with its ribs horizontal, and where the sun¬ 
light falls upon it, it should be provided with thin white shades. All infer¬ 
ences drawn from the test are made upon the assumption that thle windows are 
to be glazed with diffusing glass only in the upper half, which is the common 
practice. If the lower sash is to be glazed with diffusing glass as well, a fur¬ 
ther increase of about 25% may be expected. 

Considering both expense and efficiency, the following general suggestions 
are given: Use Maze or Ripple-glass in small rooms or offices not more than 15 
or 20 ft deep; use Factory-Ribbed glass in rooms from 30 to 50 ft deep, with 
sky-angles of 60° or more; use prisms or Factory-Ribbed glass, in sheets, in all 
vertical windows in rooms more than from 50 to 60 ft deep, with sky-angle of 
less than 45°. With a sky-angle of less than 30° use prisms in canopies. Fig. 
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12 shows an effective method of lighting the basement and first story where 
the light must come from a court. 

Floodlighting of Buildings 

Floodlighting provides a means of revealing and emphasizing architectural 
beauty which would otherwise be hidden at night. The method has been 
made economically feasible by modern high-efficiency lamps. 

For buildings of simple construction it is usually most effective to illuminate 
the entire front more or less uniformly. Any marked variation in illumina¬ 
tion from point to point (spotty illumination) must be avoided. This means 
that the number of floodlight projectors must be adequate, the beams must 
not be too concentrated, and the projectors must be carefully adjusted to give 
the best effect. A gradual increase in illumination from bottom to top, so 
that the upper part of the building stands out in contrast with the background, 
is effective. Usually the projectors can be placed on nearby buildings at a 
distance of 50 to 200 ft. 

For the setback type of construction floodlighting seems particularly 
adaptable. The projectors are placed just inside the parapet and a foot or 
two above the roof level. The units can be arranged to give either a uniform 
illumination over the setback section or to give a gradual variation in illu¬ 
mination from top to bottom. The projectors should be carefully adjusted 
after installation to give the most pleasing result. Different colors can be 
employed advantageously on the different sections by the use of colored 
glasses in the floodlight units. 

Equipment. Floodlight projectors may be divided into two general classes, 
the narrow-beam type, using concentrated-filament projection lamps and 
carefully designed reflectors; and the medium and broad beam types, using 
ordinary lamps. The former finds its principal use in lighting statues, col¬ 
umns, and other features where a broad beam would result in much wasted 
light. For most purposes, however, the ordinary type of lamp in a medium- 
beam reflector is recommended. 

The control of light is done almost entirely by the reflector, the front glass 
being used largely to make the unit water-tight and dust-proof. Reflectors 
are made of various materials, as shown in Table XVIII. 


Table XVIIL Reflection Factors of Various Metals 



Per cent 

Silver plate . 

92 

Slivered glass. 

82-88 

Chromium plate . . . ... 

65 

Polished aluminum. . . . 

62 

Nickel plate... 

55 


Silver-plated metal reflectors are the most efficient when new, but are never 
used in floodlights because they quickly tarnish. Silvered glass is very effi¬ 
cient and is widely used. Chromium is finding considerable use because of its 
freedom from corrosion and its ability to stand rough usage which would ruin 
glass reflectors. However, it will be noted that it reflects much less light than 
silvered glass. 

Cover-glasses are usually of clear heat-resisting glass which is clamped 
between asbestos gaskets to make a water-tight unit. In some cases, lightly 







Floodlighting of Buildings 


1829 


stippled glasses are used to give a more diffused beam. Colored glass nt- 
ters are available in red, amber, green, and blue; and by combination of pro¬ 
jectors with glasses of different colors any tint can be obtained on the flood¬ 
lighting surface. 

Design of a Floodlight Installation. Table XIX gives recommended 
values of illumination to be used in floodlighting installations for down¬ 
town buildings in cities of various size. It will be noted that in small cities a 
lower level of illumination is permissible than in larger cities. This is due 
to the lower illumination usually found in streets and store windows in the 
smaller cities and the smaller number of electric signs. If the building to be 
floodlighted is in an outlying section of a large city, the conditions are much 
as they are in smaller cities, and the column for the next smaller size city 
should be used. 

Table XIX applies to white light. If the lighting is to be done in color, 
the wattage must be increased to take into account the absorption of light 
by the colored glass. The watts should be increased approximately as follows: 
Amber 50% increase in watts 

Red 100% increase in watts 

Green 200% increase in watts 

Blue 400% increase in watts 

Table XX gives the luminous output of various floodlight projectors. 
The results are given in lumens in the main beam of light, the spill light being 
neglected. For most purposes the medium-beam projectors using general- 
service lamps are best. 

Table XXI gives the luminous outputs of various lamps used in flood¬ 
lights. The general-service lamps have a life of 1 000 hours, and may be 
burrued in any position, while the floodlight lamps have a life of 800 hours and 
must not be burned within 45° of the vertical, base up. 


Table XIX. Recommendations for Floodlighting * 


Representative 
building materials 

Initial 
reflection 
factors, 
per cent 

Foot-candles for down-town f 
buildings in cities of population: 

50 000 or 

over 

50 000 to 

5 000 

Under 

5 000 

White terra-cotta . 

Cream terra-cotta. . 

Light marble 

60-80 

10 

8 

6 

Light gray limestone .. . 
Bedford limestone. . . 

Buff limestone. 

Smooth buff face brick 

40-60 

15 

12 

8 

Briar hill sandstone.. 

Smooth gray brick . 

Medium gray limestone. .. 
Common tan brick 

20-40 

20 

15 

10 

Dark field gray brick 
Common red brick.... 
Brownstone . 

10-20 

30 

20 

15 


* Taken from Edison Lamp Works Bulletin LD-159. 

t For buildings in outlying districts use the foot-candles recommended for down-town 
buildings in cities of the next smaller classification. 

Note. Buildings composed of material having a reflection factor less than about 20% 
cannot economically be floodlighted unless there is a large amount of light trim. 
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Table XX. Beam Lumens of Typical Floodlighting Units * 


Beam spread 

Projectors designed for 
floodlight lamps f 

Projectors designed for 
general-service lamps 

Lamp 
size in 
watts 

Average 

beam 

lumens 

Lamp 
size in 
watts 

Average be 

Reflector 
diameter 
12 to 16 in 

am lumens 

Reflector 
diameter 
18 to 24 int 





1 400 



250 

1 100 


2 500 


Narrow. . .. 





5 500 






7 800 




1 500 


10 500 




1 

1 700 



250 



3 000 


Medium 



750 

4 900 

6 000 






8 500 






12 500 




' 




250 



3 400 


Broad. 



750 


6 200* 


500 




8 800 






13 000 


• Taken from Edison Lamp WorkB Bulletin LD-159. 

t These lamps have concentrated filaments and can be burned in any position except 
within 45® of the vertical, base up 

X These large units are recommended for long throws, or where the installation will be 
kept in operation for at least five years, or where there are unusually severe operating 
conditions. 

Table XXI. Lumen Outputs of Mazda Lamps for Floodlighting 
Service 



General-service lamps 
(rated life 1000 hr) 

Floodlight 
lamps 
(rated life 
800 hr) 

Lamp watts .. 

300 

500 

750 

1 000 

1 500 

250 

500 

Approximate lumens. 

5 400 

9 850 

14 700 



3 575 

8 300 

Lumens per watt. 

18 0 

19.7 

19 6 

20 4 

21 6 

14.3 

16.6 


Procedure in Design. (1) Decide upon how much of the building is to be 
floodlighted and where projectors are to be placed. 

(2) Obtain lumens/ft 2 from Table XIX. 

(3) Assume size of projectors (500 watt is used perhaps more than any other 
size). Obtain beam lumens from Table XX. 

(4) Determine the number of projectors by use of the formula: 


Number of projectors 


(lumens/ft 2 ) X (area to be lighted) 
0.7 X (beam lumens) 
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where (lumens/ft 2 ) is obtained from Table XIX and (beam lumen) is obtained 
from Table XX. The factor 0.7 is to allow for light spilled around the 
edges of the building. 

In most cases this will give a large number of units so that there is no ques¬ 
tion but that the projectors can be adjusted to give uniform illumination over 
the area in question. A method of checking for uniform coverage is given 
in the Edison Lamp Works Bulletin LD-159, from which the above data 
were obtained and to which the reader is referred for more information. 

Example. The top setback section of a building in a city of 200 000 is to 
be floodlighted. The building is of common tan brick and the section is 30 ft 
high and 100 ft long on a side. 

Table XIX gives 20 lumens/ft 2 as the illumination to be used. The area 
to be lighted on each side of the building is 30 X 100 = 3 000 sq ft. It is 
decided to use 300-watt medium-beam units with general-service lamps. 
Table XX gives 1 700 beam lumens as the light emitted by such a pro¬ 
jector. Thus, 

v u , . , 3 000 X 20 rA 

Number of projectors = qYxTIoO = 5 ° 

Use 50 projectors on each side of the building (200 total), and mount them 
just inside the parapet. 
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CHAPTER XXXIV 

ELECTRIC WIRING 

By 

W. H. TIMBIE 

PROFESSOR OF ELECTRICAL ENGINEERING, MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 

AND 

P. H. MOON 

ASSISTANT PROFESSOR, MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

General Considerations and Definitions. Electrical energy is now in com¬ 
mon use, furnishing power, heat and light, operating bells and buzzers, and 
transmitting messages by telephone and telegraph. In order to accomplish 
these results, a current of electricity must flow around an electric circuit. The 
nature of electricity is not known, but the flow of it through an electric circuit 
is analogous to the flow of water through a system of pipes. 

Current. Amperes. The flow of water is measured in gallons per 
second. The flow of electricity is measured in amperes. An ampere-flow of 

electricity is analogous to a 
gallon-per-second flow of 
water. The amperes thus in¬ 
dicate the quantity of elec¬ 
tricity flowing through an 
electrical appliance in one 
second. About }/% ampere 
is flowing through an ordi¬ 
nary 60-watt, 115-volt incan¬ 
descent lamp. An arc-lamp 
usually requires from 5 to 10 
amperes. 

Pressure. Volts. When a 
current of water flows from 
one point to another in a pipe- 
system, it is always because 
there is a hydraulic pressure 
present causing it to flow. 
This pressure is usually measured in pounds per square inch. Similarly, 
when a current of electricity flows from one point to another in an electric 
circuit, it is because there is an electric pressure present which causes it to 
flow. This electric pressure is measured in volts. An electric pressure of 
1 volt is analogous to a hydraulic pressure of 1 lb per sq in. The pressure 
which causes the }^-ampere current to flow through an incandescent lamp 
is usually 115 volts. The electric company installs at least two wires in a 
residence and then maintains an electric pressure of 115 volts between them 
just as the water company maintains a pressure in the water-pipes. This 
electric pressure is at all times tending to force electricity from one wire to the 
other wire across the space between the two wires, just as the water-pressure 



Fig. 1. Current always Flows from (+) to (—) 
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tends to force the water out from the pipe. The rubber insulation is put on to 
prevent this flow, very much as the strength and compactness of the iron pre¬ 
vents the flow of water through the walls of the pipe. But when one terminal 
of a lamp is connected to one wire and the other terminal to the other wire, the 
electric pressure tending to send a current from one wire to the other, sends a 
current through the lamp and causes it to glov. We mark the wire bringing 
the current to the lamp (+). The wire taking the current away, we mark 
(—). Thus in Fig. 1, if the current comes in on the wire marked (x), this wire 
is (+) and the wire (y) is ( —). A pressure of 115 volts is maintained which 
tends to cause a current to flow across from the wire ( x ) to the wire (y). No 
current can flow, however, unless some path is afforded between the two wires. 
For instance, no current is flowing through lamp L\, because the open switch 
A makes a gap across which the current cannot pass. Switch B, however, 
is closed, thus allowing the pressure to force a current from the wire (*) 
through the lamp Li to the wire (y) and back into the street-mains. Of 
course the electric company maintains the 115-volt pressure between the 
wires (r) and (y) whether any current is drawn from the wires or not, just 
as a water company maintains the pressure in the water-mains whether any 
water is drawn from the pipes or not. 

Resistance. Ohms. The fact that a current of only ampere flows 
through an incandescent lamp when a pressure of 115 volts is applied to it, 
is due to the resistance of the fine filament. This resistance of the filament 
is analogous to _he resistance which a pipe of small bore offers to the flow of 
water. The resistance of an electrical appliance is merely the ratio of the 
pressure to the current which that pressure can force through it. As an 
equation, it is expressed 

„ . pressure 

Resistance ® - 

current 


When the pressure is measured in volts and the current in amperes, the 
resistance is then in ohms. Thus 


Ohms 


volts 

amperes 


Thus, since a pressure of 115 volts forces ampere through an ordinary 
incandescent lamp, the resistance of the lamp is 115/J^ = 230 ohms. 


Ohm’s Law. This relation between pressure, current and resistance is 
called Ohm’s law. It is written in symbols in the three forms 


R - Ell 
E - / R 
I - E{R 

where R — resistance in ohms; 

E — pressure in volts; 

I - current in amperes. 


Example. An electric flat-iron has a resistance of 35 ohms. What current 
will flow through it when it is put across a 110-volt circuit? 

I — E/R — 110/35 - 3.14 amperes 


Example. An electric toaster takes 5 amperes when on a 115-volt circuit 
What resistance does it have? 

R - E/I - 115/5 - 23 ohms 
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Insulators and Conductors. In order that practically no current may 
leak from one wire to the other, the wires are covered with rubber. This 
rubber covering offers such high resistance to the flow of an electric current 
that, although two wires may lie very close to one another with only this 
rubber between them, practically no current leaks through the rubber from 
one wire to the other. Materials such as rubber, glass, porcelain, dry wood, 
etc., have this resisting property and are said to be insulators. Metals, on 
the other hand, offer very little resistance to the flow of an electric current 
and are called conductors. A copper wire Ho in in diameter has a resistance 
of only Ho00 °f an °hm per foot. Accordingly, because of their low resist¬ 
ance, copper wires are generally used to carry electric currents, and because 
of its high resistance, rubber is generally used as a covering of the copper 
wires to prevent leakage from one wire to another. Wire, approved by the 
National Board of Fire Underwriters and installed according to their rules, 
will have the proper insulating covering for each installation. 

Power. Watts. The flow of an electric current has been likened to the 
flow of water through a pipe. A current of water is measured by the number 
of gallons, or pounds, flowing per minute; a current of electricity is measured 
by the number of amperes. The power required to keep a current of water 
flowing is the product of the current in pounds per minute by the head, or 
pressure, in feet. This gives the power in foot-pounds per minute. To 
reduce to horse-power, it is necessary merely to divide by 33 000. Thus 


(pounds per minute) X (feet) 

ITooo 


horse-power 


In exactly the same way, the power required to keep a current of electricity 
flowing is the product of the current in amperes by the pressure in volts. 
This gives the power in watts. 

Watts » amperes X volts 

The term watt is merely a unit of power, and denotes the power used when 
one volt causes one ampere of current to flow. The watts consumed when any 
given current flows under any pressure can always be found by multiplying the 
current in amperes by the pressure in volts. Thus, if an incandescent lamp 
takes 0.5 ampere when burning on a 110-volt line, the power consumed equals 


0.5 X 110 - 55 watts 


That is, Power =» current X pressure 

or Watts ■=» amperes X volts 

Example. What power is consumed by a motor which runs on a 220-volt 
circuit, if it takes 4 amperes. 

Watts - amperes X volts - 4x 220 
Power « 880 watts 


Incandescent lamps are rated as to the voltage of the line on which they can 
run, and also as to the amount of electric power it takes to keep them glowing. 
Thus, a lamp may be rated as a 110-volt, 50-watt lamp. Another lamp may 
be rated as a 110-volt, 25-watt lamp. This means that both lamps are 
intended to run on a 110-volt circuit, but the first takes twice as much power 
as the second. 
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The Power-Equation. The above relation between volts, amperes and 
watts is usually expressed in the form of an equation: 

P - IE 
I - PfE 
E - P{1 

in which P — power in watts; 

/ - current in amperes; 

E - pressure in volts. 

Example. What current does a 40-watt tungsten-lamp take when running 
on a 115-volt circuit? 


/ - PJE - 40/115 - 0.348 ampere 

Power. Kilowatt and Horse-Power. Because the watt is so small a unit 
of power, being only 0.74 ft-lb per second, a larger unit, the kilowatt, is gener¬ 
ally used in connection with machines, etc. 

1 kilowatt « 1 000 watts — lH horse-power 

Thus a motor drawing 10 amperes from a 220-volt line would take 10 X 220 
— 2 200 watts « 2 200/1 000 — 2.2 kilowatts. 

At 80% efficiency this motor would give out 80% of 2.2 - 1.76 kilowatts — 
1.76 X 1 ] /i “ 2 V 3 horse-power. 

Horse-Power-Hour. Kilowatt-Hour. When a man buys mechanical 
power to run machinery, he has to pay not only according to the horse-power 
he uses but also according to the number of hours he uses the power. For in¬ 
stance, he may use 40 horse-power for 1 hour and pay $1.20 for it, that is, at 
the rate of 3 cts for each horse-power-hour. If he uses 40 horse-power for 
2 hours he would have to pay twice as much, because he has used the same 
power twice as long. Another way of stating the same fact is to say that 
he used twice as many horse-power-hours. For in the first instance he used 
40 X 1, or 40-horsc-powcr-hours, and in the second 40 X 2, or 80 horse-power- 
hours. In other words, he did twice as much work in the second case as he 
did in the first, or received twice as much energy. The unit of work or energy, 
then, is the horse-power-iiour, and is the work done in 1 hour by a 1 -horse¬ 
power machine. 

Example. IIow much work is done by a machine delivering 15 h.p. when it 
is run for 8 hours? 


That is 
or 


1 h.p. in 1 hr docs 1 h p.-hr 
15 h.p. in 1 hr does 15 h p.-hr 
15 h.p. in 8 hr does 8 X 15, or 120 h.p.-hr 

Work - horse-power X hours 

15 X 8 = 120 h.p.-hr 


Similarly, electric power is sold by the kilowatt-hour. This unit is the 
work or energy delivered in one hour by a 1 -kilowatt machine. 

For lighting purposes electrical energy is usually sold for from 6 to 10 cts per 
kilowatt-hour. Thus at 10 cts per kw-hr the monthly bill for burning a 40-watt 
lamp on an average of 5 hours per day would be computed as follows: 

For 1 month of 30 days the lamp is burning 

30 X 5 - 150 hours 
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To use a 40-watt lamp 150 hours consumes 

40 X 150 - 6 000 watt-hours - 6 000/1 000 - 6 kilowatt-hours 

At 10 cts per kw-hr, 6 kw-hr cost 

6 X 10 - $0.60 

An instrument called a kilowatt-hour meter is placed in each house to 
measure the number of kilowatt-hours which each customer consumes. See 
M in Fig. 11 for location of Kilowatt-hour meter, and Fig. 16 for method of 
connection in typical installation. 

Heating-Effect of Current. An electric current always heats the material 
through which it passes. Examples of this are the incandescent lamp, in 
which the current heats the fine tungsten wire until it glows; the electric heat¬ 
ers for chafing-dishes, toasters, etc. Even the wires carrying the current to 
and from the lamps are heated by the passage of the current through them. 
But since the heating effect for a given current is directly proportional to the 
resistance of the conductor, and the conductors always have very little resist¬ 
ance, the heating here is very slight indeed. If conductors of smaller size, 
and therefore of a higher resistance, were used, the heating would be very 
pronounced; in fact, it would soften the rubber insulation and might even 
produce a temperature high enough to set fire to the building. For this rea¬ 
son The National Board of Fire Underwriters issues a table specifying the 
size of wire which must be used for each amount of current. If smaller wire 
is used, the resistance of it might be great enough to raise the temperature to 
a dangerous degree. On the other hand, if a greater current than allowed by 
this table is sent over the wire, the temperature will also rise, because the 
heating of a current is also directly proportional to the square of the cur¬ 
rent. Thus, doubling the current which a certain wire is carrying will quad¬ 
ruple the amount of heat which the wire must dissipate. For this see Table 
III and IV. 

Fuses and Circuit-Breakers. Use is made of the heating effect of a current 
to protect a circuit against too much current, very much as a boiler is pro¬ 
tected by a safety-valve against too much pressure. A small piece of fusible 
metal, generally a mixture of lead and bismuth, is inserted in the circuit in such 
a way that all the current which passes through the circuit must also pass 
through this piece of metal. This device is called a fuse. Any current 
which would be dangerous to the circuit melts this fuse, opens the circuit at 
this point, and thus protects the rest of the circuit from the effects of the cur¬ 
rent. The cause of the large current may be then removed and a new fuse 
inserted in place of the old one. Circuit-ureakers arc also used to protect 
a circuit against too much current. They are automatic switches controlled 
by an electro-magnet and are made in a variety of styles. They operate upon 
the principle that when an electric current passes through a coil of wire it 
makes a magnet of the coil. The coil is so adjusted that when a current of a 
certain number of amperes passes through it, it attracts to itself a small piece 
of iron. The motion of this piece of iron opens the circuit. Fuses and cir¬ 
cuit-breakers are thus automatic safety-devices required for the protection 
of all constant-potential systems whatever the voltage. Both are for the pur¬ 
pose of protecting the wires from damage due to the presence of too much 
current from any cause whatever. A fuse cut-out or circuit-breaker is 
required at or near the place where the wires enter a building, and every branch 
circuit must be protected by a cut-out. Circuit-breakers are more expensive 
than fusible cutouts, and are generally used only on switchboards for large 
installations. 
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Dynamo-Electric Machines. There are three classes of dynamo-electric 
machines: 

(1) Generators for generating an electric current. 

(2) Motors for converting electrical into mechanical energy. 

(3) Transformers and rotary converters. 

(а) Transformers for converting one voltage into a higher or lower 

voltage. Converters and transformers belong to the same 
class. 

(б) Rotary converters for changing alternating currents to direct 

currents or vice versa. 

Generators are of two general classes, namely, continuous-current and 
alternating-current machines; the latter are commonly called alternators. 
Generators and motors of all kinds vary in voltage, current and speed, accord¬ 
ing to the purpose for which they are designed. A transformer consists 
essentially of two coils of wire wound upon an iron core. Its function is to 
convert electrical energy from one voltage to another. If it reduces the volt¬ 
age it is known as a step-down transformer, and if it raises it, it is known as a 
step-up transformer. A transformer has no moving parts and requires no 
attendant. 

Kinds of Currents Produced. There are two kinds of electrical currents 
commonly used for light and power in building: (1) direct currents, and (2) 
aternating currents. 

“A direct current is uniform in strength and direction, while an alternating 
current rapidly rises from zero to a maximum, falls to zero, reverses its direc¬ 
tion, attains a maximum in the new direction and again returns to zero. A 
complete set of these changes is called a cycle. The number of times the 
current goes through these changes during each second is called the frequency 
of the current. The frequency commonly used for incandescent lighting is 
60 cycles per second; that is, the current goes through the above changes in 
value 60 times per second. A frequency of 25 cycles is also used, especially for 
motors, although it is not so satisfactory for use with incandescent lights. If 
a direct current is likened to the steady flow of water through a pipe-system 
an alternating current may be likened to the rapid surging back and forth of 
water in a pipe-system. The advantages of alternating over direct currents 
are: (1) Greater simplicity of dynamos and motors, no commutators being 
required in some types; (2) the feasibility of obtaining high voltages by means 


Table I. Average Current Taken by Direct-Current Motors 


Horse¬ 

power 

Amperes on 

110-volt line 

Amperes on 
220-volt line 

Horse¬ 

power 



x 

3 

1.5 

25 

186 

93 

M 

5.4 

2.7 

30 

212 

111 

i 

9 

4.5 

35 

260 

130 

2 

17 

8.5 

40 

296 

148 

3 

25 

12.5 

50 


185 

5 

40 

20 



220 

7 M 

58 

29 

75 


275 

10 

76 

38 

85 


312 

15 

114 

57 

100 


366 

20 

150 

75 
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of transformers for cheapening the cost of transmission; (3) the facility of 
transforming from one voltage to another, either higher or lower, for dilferent 
purposes.” * 

The current taken by single-phase alternating-current motors can be found 
by noting the current taken by a direct-current motor of the same size and volt¬ 
age, and dividing this current by the power-factor of the alternating-current 
motor. To find the current taken by each terminal of a three-wire, three- 
phase alternating-current motor, divide the current taken by a single-phase 
alternating-current motor of the same size and voltage by 1.73. 

Example. What current is taken by a 5-horse-power, alternating-current, 
220 -volt, induction-motor of 80% power-factor? 

Solution. A 5-horse-power, direct-current, 220-volt motor takes 20 
amperes. A single-phase, 5-horse-power, 2 20-volt motor of 80% power-factor 
takes 20/ .80 - 25 amperes. 

Electric-Lighting Systems Commonly Used for Supplying the 
Electrical Energy to Lamps 

Direct-Current, Constant-Potential Systems. The systems most used in 
America are: 

(1) Two- wire system largely used for incandescent lighting from small 
plants, as for a large office-building or factory. It is usually operated at 115 
volts. 

(2) Three-wire system used in small towns for the lighting of buildings 
from the public mains, usually operated at 230 volts. 

Alternating-Current, Constant-Potential Systems. There are two systems: 

(1) Single-phase system. The term phase is used in connection with 
alternating-current systems only in the sense of circuit. Thus a single-phase 
system means an alternating-current system sending out power from one cir¬ 
cuit only of the generator. A three-phase system has three circuits. 

(2) Three-phase system. Three or four wires are used. This system is 
used almost universally by large generating stations because it is the most 
economical in wire. (See Table II.) For a comparison of a three-wire direct 
current with a three-phase, three-wire alternating current, see text under this 
heading. An alternating current may be changed to a direct current at a sub¬ 
station by a rotary converter or by a mercury-arc rectifier. The latter is very 
generally used in garages in order to convert an alternating current into a 
direct current for charging storage-batteries. 

Methods of Connecting Lamps. There are three ways of connecting lamps 
to the distribution-wires: (1) in series; (2) in parallel; and (3) in parallel 
series. 

(1) Lamps in Series. Lamps are said to be connected in series when they 
are arranged one after the other, so that the same current flows through all 
the lamps. The most common example of this system is the lighting of elec¬ 
tric cars and the stations on an electric-railway line. The voltage of such lines 
is usually 550 volts. Since the ordinary incandescent lamp requires but 110 
volts, five of these are placed in series as in Fig. 2. Each lamp now has a 
pressure of 110 volts across it, and the set of five lamps requires 550 volts 
across it, and so can be placed across the railway supply-wires. When lamps 
are arranged in series the total resistance of the circuit is the sum of the resist- 


Adapted from Kent’s Pocket Book 
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ances of the several parts, and the voltage required to force the current through 
a number of lamps in series is the sum of the voltigos required for the separate 
lamps. Thus the voltage required to supply the proper current for four 52- 
voit lamps is 4 X 52 - 208 volts The series system requires th at the same 
current flow through each 
lamp, and if one lamp burns 
out the circuit is broken and 
all of the lamps will go out, 
unless some provision is made 
for maintaining the circuit 
around the dead lamps. 

(2) Lamps in Parallel. This 
is the common method of con¬ 
necting incandescent lamps. 

It is illustrated in Fig. 3. 

With this system the pressure Fig . 2 . Five Lamps in Series on a 550-Volt Line, 
in each lamp is. the same as Each Lamp has a Voltage of 110 Volts across It 
in the distributing lines, and 

any lamp may be turned on or ofl without affecting the other lamps. 
For this system the pressure or voltage must be kept constant, while the 
current or quantity of electricity flowing in the lines will depend upon the 
number of lamps that are burning. Thus if twelve 110-volt lamps are con¬ 
nected in parallel and each lamp takes 0.51 ampere, the 
total current will be 6 12 amperes, and the power required 
will be 673.2 watts.* With but one lamp burning, a 
current of only 0.51 ampere will flow. The voltage, how¬ 
ever, must be the same for one lamp as for the twelve. 
For lamps in parallel, therefore, a constant-potential 
system is required. The current for lamps in parallel 
may be turned on or off at the lamp, or a switch-loop 
may be run any distance and the contact made by a 
switch ( S ) as for the lower lamp (Fig. 3). 

(3) Lamps in Parallel Series. This method is a com¬ 
bination of the other two. Parallel lines are run as in 
the parallel system, but two or more lamps are connected 
in series between them as in Figs. 4 and 5. This method 
of connecting lamps is used principally in places where it 
is desired to operate lamps on a power system. Fig. 4 
shows a series of five lamps operated on a 500-volt system 
and Fig. 5 a series of two lamps on a 220-volt system 
using 110-volt lamps. Any number of series may be 
connected across the mains, each series being independent 
of the others. But in each series if one light burns out, 
the others in the same series will be useless, and one lamp 
Fig. 3. Four Lamps alone cannot be used, 
in Parallel. Each The Edison Three-Wire System. Figs. 3, 4, and 5 are 
line'pressure of 110 exam P^ es °* t ^ ie two-wire system of distribution, which is 
Volts across It the system recommended for average-sized office-buildings, 

apartment-houses, theaters and stores. Where power 
for motors is to be taken from the same plant as the lighting current and where 
the power is not too great, this two-wire system may also be used. Separate 
mains, however, should under all circumstances be run for the motors, as 
• Watts being equal to amperes times voltage. 






neutral wire, forms one side of two circuits, the current from one circuit 
tending to flow in one direction and that from the other circuit in the opposite 
direction; consequently, when currents of the same strength, in amperes, are 
flowing in both circuits they neutralize each other in the middle wire and 
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there will be no current flowing in this wire. With a current of 10 amperes 
flowing in one circuit and one of 6 amperes in the other circuit, the current 
flowing in the neutral wire will be 4 amperes. To obtain the greatest benefit 


from this system, it should 
always be installed so 
that there will be nearly 
the same load or number 
of lamps on each side of 
the neutral wire. Even 
then there will be times 
when more lamps will be 
burning on one side than 
on the other, so that it is 
necessary to give some 
size to the neutral wire 
The neutral wire is seldom 
made less than one-half 
the cross-section of the 
outer wires. For distrib¬ 
uting mains in buildings 
having a lamp load only, 
the neutral wire should be 
of the same size as the 
outer wires. From Table 
II it will be seen that the 



three-wire system effects Fig. 7. The Wiring of a Cabinet 

a considerable saving in 

copper, amounting to fully 60% of the ordinary two-wire 110-volt system. 
As a rule, in supplying current for light and power from one plant, the 
main wires only are arranged on the three-wire system and the distributing 

wires are run on the two-wirrt 



system as in Fig. 6. When using 
the three-wire system for lighting 
only, the three wires are usually 
run no farther within the build¬ 
ing than to the centers of distri¬ 
bution, and from these centers 
two wires are run for each circuit, 
the circuits being divided as 
equally as possible on the two 
sides of the three-wire system as 
shown by Fig. 7. Three-wire 
mains are now very commonly 
used where the current exceeds 
100 amperes. When motors are 
operated from the three-wire 
system they are usually con¬ 
nected only to the outside wires. 
Motors used on three-wire incan¬ 
descent-lighting systems should 
be wound for 230 volts. 


Comparison of the Three-Phase and Three-Wire Edison Systems. The 

wiring for the Edison three-wire direct-current system is the same as that 
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Fig. 9. 


Three-wire System, Direct Current. 
Compare with Fig 8 


for the three-wire, three- 
phase alternating-current 
system, the only difference 
being that the voltage 
BETWEEN ANY TWO WIRES 
of a three-phase system is 
the same. Thus in Fig. 8 
which represents a three- 
wire. three-phase system 
the voltage between the 
wires A and B (phase 
No. 1) is 110 volts; between 
B and C (phase No. 2) 
is 110 volts; and between 
A and C (phase No. 3) is 
110 volts. But in Fig. 9, 
which represents a three- 
wire direct-current system, 
in which the voltage across 
A and B, and B and C, 
is 110 volts, the voltage 
across A and C is 220 volts 
or twice that across either 
leg. 


Table II. Relative Weight of Copper Required in Different 
Systems for Equal Effective Voltage 


Direct-current, ordinary two-wire system 

! 

000 

Direct-current, three-wire system, all wires of same size. 

0 

375 

Direct-current, three-wire system, neutral, one-half size... 

0 

313 

Alternating-current, single-phase two-wire system. . 

1 

000 

Three-phase three-wire. . ... .... 

0 

750 

Three-phase four-wire. 

0 

333 


Wire-Calculations 

Wire-Gauges.* As the diameter of wires is ordinarily designated by the 
number of a wire-gauge, and as there are a number of wire-gauges in common 
use, some knowledge of those used for copper wire is necessary. The Brown 
& Sharpe, or B. & S., gauge is almost exclusively used in America in connec¬ 
tion with electrical work, except where the size of the wire is designated in cir¬ 
cular mils. The sizes of wire given by this gauge range from No. 0000 (0.46 in) 
to No. 40 (0.0031 in), but No. 14 is the smallest size permitted for interior 
wiring. The No. 10 wire has a diameter of about in and its resistance per 
1 000 ft is very nearly 1 ohm. For any given number of this gauge a wire 
three numbers higher has very nearly half the cross-section, and one three 
numbers lower has twice the cross-section; thus a No. 13 wire has very nearly 
one-half the cross-section of a No. 10 wire, and a No. 7 has twice the cross- 
section of a No. 10, or four times that of a No. 13. 

The Circular-Mil Wire-Gauge. In practice the B. & S. gauge is commonly 
used for designating wires up to No. 0 or No. 00, and all wires above that size 

* For other gauges, see index. 
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are designated by circular mils (c.m.). The size of wire required is often 
determined in circular mils and designated by the corresponding B. & S. 
gauge-number, which is readily done by means of Table III. 

The basis of the circular-mil gauge is the area of a wire K 000 in in diameter 
Cl mil = 0.001 in); consequently, 1 c.m. - 0.0000007854 sq in. As the 
areas of circles vary as the squares of their diameters, it follows that the sec¬ 
tional area of a wire 2 mils in diameter — 4 c.m., of a wire 10 mils in diameter 
100 c.m., and so on. 

When wires are designated by circular mils, the sectional area and not the 
diameter is generally given, c.m. always referring to sectional area. The 
diameter of a wire in mils or in thousandths of an inch - square root of its 
area in circular mils. 

Thus the diameter of a wire of 3 600 c.m. ■» 60 mils, or 0.060 in. 

The diameter of a wire 14 400 c.m. - 120 mils - 0.12 in. 

The area of a wire 0 162 in in diameter, or 162 mils -162 2 « 26 244 c.m. 

To reduce circular mils to square inches. Multiply by 7 854 and point off 
ten places of decimals. Thus, 5 000 c.m. » 7 854 X 5 000 — 0.0039270000 
sq in. 

To obtain the sectional area of a square or rectangular bar in circular mils. 

Multiply together its dimensions in mils and the product by 1.273. 

Example. What is the sectional area in circular mils of ^ bar % in X in? 

Solution. Y% In - 0.125 in - 125 mils, l /£ in « 0.250 in - 250 mils; 125 
X 250 X 1.273 - 39 781 25 c m. 

The weight of bare copper wire per 1 000 ft « c.m. X 0.003027 lb. Thus 
the weight of 1 000 ft of copper wire having a sectional area of 2 000 c.m. - 
0.003027 X 2 000 =» 6.054 lb. Table IV gives the dimensions and weights of 
bare copper wire from No. 18 to No. 0000 B. & S. 

Carrying Capacity of Copper Wire. The safe carrying capacity of copper 
wire for interior wiring is practically fixed by the underwriters, and if the ca¬ 
pacity limits given in the table published by them are exceeded it would tend 
to destroy the right to recover insurance in case of fire. The safe carrying 
capacity of rubber-covered and weather-proof wires given by the National 
Board of Fire Underwriters is shown by Table III. The lower ampere- 
capacity assigned to rubber-covered wires is due to the fact that the rubber 
insulation would deteriorate in quality under a temperature as high as that 
allowed for weather-proof wire. No wire smaller than No. 14 may be used 
under insurance-rules, except that No. 16 may be used for flexible cord and 
No. 18 for fixture-wiring. Nos. 13, 11, 9 and 7 are not usually carried in 
stock and can only be purchased on special order. Rubber-covered wire 
must be used for service-wires, for molding-work and in damp places; it is 
more expensive than weather-proof wire. The latter wire may be used in 
open or exposed places and for outside line-wires. 

Drop of Potential. When an electric current flows through a wire of any 
appreciable length the pressure becomes reduced by the resistance of the wire, 
so that if the current enters the wire at, say, 110 volts, at the extreme end of 
the circuit it will be somewhat less, depending upon the length and sectional 
area of the wire. This loss in voltage is called drop of potential. Drop of 
potential corresponds to loss of head in hydraulics. As a drop of voltage 
materially below that for which the lamps are designed means diminished 
light, it is very important that the wires be proportioned so that the drop 
shall not be sufficient to affect the illumination. The table for safe carrying 
capacity for wires has nothing to do with the drop of potential which these 
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currents will cause in the wires. Accordingly, mains and distributing wires 
may be capable of carrying the number of amperes in accordance with Table II, 
and yet cause a drop of potential of such magnitude that the most distant 
lamps will burn only at a dull red. It is therefore necessary, in computing 
the size of these mains and distributing wires, to consider two things: 

(1) That the wire is large enough, according to the underwriters’ table, to 
carry the current safely. 

(2) That the potential drop from the generator to the farthest lamp shall 
not be excessive. 

The drop in volts (not in percentage) «=* current in line X resistance of line, 
or drop in volts => amperes X ohms. 

Example. What will be the drop in a circuit of No. 14 copper wire 280 ft 
long, supplying nine lamps, requiring 4.5 amperes? 

Solution. From Table IV it is found that the resistance of No. 14 wire is 
2.527 ohms per 1 000 ft; hence for 280 ft it will be 2.527 X 0.280 - 0.7075 
ohm, and drop in volts = 45 X 0.7075 = 3.1837 volts. The voltage for 
this current (0.5 ampere per lamp) will be about 110; consequently, the per¬ 
centage of drop = 3.1837/110 = 2?io%, nearly. A 2% drop on a pressure of 
110 volts is 2.2 volts. 



Load-Center. The meaning of this term may best be illustrated by an 
example. Let Fig. 10 represent a circuit carrying six lamps, the first lamp 
being 40 ft from the cut-out, or source of supply. The whole of the current 
must be transmitted through this 40 ft, but from that point it will gradually 
fall off, and the average current will only extend to the point CD, half way 
between the extreme lamps. Or, in other words, the load-center is analogous 
to the center of gravity of the lamps on the circuit. The load-center.deter¬ 
mines the length of the line in the rules for finding the necessary size of wire. 

Calculations for Size of Wire for Incandescent Lighting. The sizes of 
wires for interior lighting are or should be always determined on a basis of a 
fixed drop of potential, usually 2 volts on the distributing circuit and from 
2 to 3 volts on the feeders or mains.* The size of wire may be determined 
either in terms of its sectional area in circular mils or in terms of its resistance 
in ohms per 1 000 ft. Knowing the sectional area in circular mils, one may 

♦Many municipal lighting companies require that there shall be no more than 2% 
total drop in the wiring for interior lighting. 
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find the corresponding gauge-number from Table III, or if the resistance in 
ohms per 1 000 ft is known, the corresponding gauge-number may be found 
from Table IV. 

Table III. Carrying Capacity of Wires and Cables 

I OR INTERIOR CONDUCTORS, ALL VOLTAGES 

From the National Electrical Code 


No. of wire, 
B. AS. 
gauge* 

Circular 

mils 

Capacity iz 

Rubber- 

covered 

amperes 

Weather¬ 

proof 

18 

1 624 

3 

5 

16 

2 583 

6 

10 

14 

4 107 

15 

20 

12 

6 530 

20 

25 

10 

10 380 

25 

30 

8 

16 510 

35 

50 

6 

26 250 

50 

70 

5 

33 100 

55 

80 

4 

41 740 

70 

90 

3 

52 630 

80 

100 

2 

66 370 

90 

125 

1 

83 690 

100 

150 

0 

105 500 

125 

200 

00 

133 100 

150 

225 

000 

167 800 

175 

275 

0000 

211 600 

225 

325 

Cables 

200 000 

200 

300 


300 000 

275 

400 


400 000 

325 

500 


500 000 

400 

600 


600 000 

450 

680 


700 000 

500 

760 


800 000 

550 

840 


900 000 

600 

920 


1 000 000 

650 

1 000 

i« 

1 100 000 

690 

1 080 

II 1 

1 200 000 

730 

1 150 

II 

1 300 000 

770 

1 220 


1 400 000 

810 

1 290 


1 500 000 

850 

1 360 


1 600 000 

890 

1 430 

II 

1 700 000 

930 

1 490 

41 

1 800 000 

970 

1 550 

II 

1 900 000 

1 010 

1 610 


2 000 000 

1 050 

1 670 


* For other gauges, see index 


The formula for circular mils is as follows: 

, >i 10 4X2 dxN XI 

Circular mils -— 

v 

The formula for resistance per 1 000 ft of wire is 

^ . 1 000 V 

Resistance « 


N X / X 2d 


( 2 ) 
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Table IV. Dimensions, Weights and Resistances of Copper Wire 






Weight in lb per 1 000 ft 

Gauge* 
number, 
B. AS. 

Diameter 
in mils 

Area in 
cir. mils 

Area in 
sq in 

Bare 

wire 

Weather¬ 

proof* 

wire 

Ohms per 
1000 ft 
at 20° C. 
or 68° F. 

0000 

460 

211 600 

0.166190 

640.73 

800 

0.04893 

000 

410 

167 800 

0.131790 

508.12 

666 

0.06170 

00 

365 

133 100 

0.104520 

402.97 

500 

0 07780 

0 

325 

105 500 

0.082887 

319.74 

363 

0 09811 

1 

289 

83 690 

0.005732 

253 43 

313 

0 1237 

2 

258 

66 370 

0.052128 

200.98 

250 

0 1560 

3 

229 

52 630 

0.041339 

159.38 

200 

0.1967 

4 

204 

41 740 

0 032784 

126.40 

144 

0 2480 

5 

182 

33 100 

1 0.025999 

100.23 

125 

0.3128 

6 

162 

26 250 

0 020618 

79.49 

105 

0 3944 

7 

1 144 

20 820 

i 0 016351 

63 03 

87 

0 4973 

8 

128 

16 510 

0.012967 

49.99 

69 

0.6271 

9 

114 

13 090 

0.010283 

39.65 


0 7908 

10 

102 

10 380 

0 008155 

31.44 

50 

0 9972 

11 

91 

| 8 234 

0 006466 

24.93 


1 257 

12 

81 

6 530 

0.005129 

19.77 

31 

1.586 

13 

72 

5 178 

0.004067 

15.68 


1.999 

14 

64 

4 107 

0.003225 

12.44 

22 

2.527 

15 

57 

3 257 

0.002558 

9.86 


3.179 

16 

51 

2 583 

0 002028 

7.82 

14 

4 009 

17 

45 

2 048 

0.001608 

6.20 


5 055 

18 

40 

1 624 

0.001275 

4.92 

ii 

6.374 


•Approximate weight of weather-proof line-wire for outdoor work is 10% less than 
here given. 


In both these formulas d — distance in feet, one way, from cut-out to load- 
center for distributing wires, or from entrance cut-out or source of current to 
distributing center for main lines or feeders. / *» current in amperes per 
lamp. N « number of lamps supplied, v — drop in volts. Both formulas 
apply to any voltage and to any two-wire system. To use these formulas 
for the ordinary three-wire system, let N «« maximum number of lamps on 
one side of the neutral wire and double the drop in volts. The neutral or 
middle wire should be of the same size as the outside wires. 


Example. The distance from the cut-out to load-center of a circuit carrying 
sixteen 40-watt, 110-volt lamps is 50 ft. What size of wire should be used for 
a drop of 2 volts? 

Solution, d — 50; N — 16; I — 40/110 - 0.364; and v — 2. 


By Formula (1), 

Circular mils 


10.4 X 100 X 16 X 0.364 
2 


3 030 


Table III shows that the next larger size of wire is 4 107 c.m., equivalent 
to a No. 14 wire. 

By Formula (2), 

^ , 1 000 X 2 , M 

Resistance per 1 000 ft - rr -;-— - 4.59 

K 12 X 0.364 X 100 
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which we see from Table IV, is about the resistance of a No. 16 wire; but as 
No. 14 is the smallest wire permitted that size must be U9ed. 

To find the smallest size of wire that will comply with the underwriters’ rules 
it is only necessary to compute the total current in amperes, and from Table 
III select the wire having a capacity equal to or next above the required num¬ 
ber of amperes. 

Formulas (1) and (2) may also be used for motor-wiring, if the required 
current in amperes is known, by substituting the given number of amperes 
for N X I. 


Table V. Wire Size Required * 

(Length of wire for a circuit is double the length of run) 

WATTS PER. CIRCUIT 


70 

P 80 

a & 

I 

O 100 

8 no 

g- 

j 130 
S 140 
fcl50 

g 100 

I 190 


310 

330 

330 

340 

350 


1 

1 

I 

B 

B 

B 

B 

B 

B 

B 

i 

1 

1 

i 

b 

1 

i 

ii 

B 

D 

3 

l 

14 

IT 

Tt 

wlnr 

No. 

□ 

ledif 

g wi 

4ni 

T 

erem 

hN 

oali| 

J 

win 

x 12 

hi. a 

1 

ZK 

1 

f|4 

14 

14 

14 

B 

B 

12 

B 

B 

B 

10 

10 

B 

9 

10 

14 

14 

14 

14 

14 

B 

B 

12 

10 

B 

10 

m 

E 

E 

D 

8 

■ vantages generally summon, 

114 that many electrical men 14 

14 

12 

12 

B 

fl 

B 

10 

B 

10 

1 

E 

E 

9 

8 

14 


rorbi 

•aneb 

& 



14 

12 

12 

12 

□ 

| 

B 


8 

8 

B 

B 

I 

Q 

6 

14 

14 

14 

14 

14 

14 

14 

12 

12 

12 

12 

10 

B 

8 

8 

8 

8 

I 

E 

E 

B 

6 

14 

14 

14 

14 

14 

14 

12 

12 

12 

10 

10 

m 

8 

8 

8 

8 

J 

[7 

6 

6 

4 

6 

14 

14 

14 

14 

14 

12 

12 

12 

10 

10 

10 

id 

8 

1 

J 

4 

1 


4 

6 

4 

4 

14 

14 

14 

14 

14 

12 

12 

12 

10 

10 

10 

8 

8 

i 

6 

4 

E 


6 

6 

4 

4 

14 

14 

14 

14 

14 

12 

12 

10 

10 

10 

10 

8 

8 

m 

6 

4 

E 



4 

4 

4 

14 

14 

14 

14 

12 

12 

10 

10 

10 

10 

8 

8 

A 

4 

6 

6 

E 



4 

4 

4 

14 

14 

14 

14 

12 

12 

10 

10 


8 

8 

*! 

6 

6 

4 

4 

E 



4 

4 

4 

14 

14 

14 

14 

12 

12 

10 

10 

H 

E 

8 

J 

6 

4 

4 

E 




4 

4 

4 

14 

14 

14 

12 

12 

10 

10 

10 

E 


«j 

* 

4 

4 

E 

E 

B 




2 

14 

14 

14 

12 

12 

10 

10 

8 

E 


sj 

6 

6 

4 

E 

E 

E 



Jii 

2 

2 

14 

14 

14 

12 

12 

10 

10 

8 

8 

8 

J 

6 

C 

T1 

*. 

Iiiata 


m 



71 

2 

2 

14 

14 

(4 

14 

14 

14 

12 

12 

10 

10 

10 

10 

10 

8 

8 

8 

8 

8 

j 

6 

6 

6 

4 

for HS-volt circuit* of various lengths of . 
run. based on a drop of two volts be- * 
tween the panel board and the outlets. 

It it difficult in branch circuits, at 2 
least with present wiring methods, to use 

2 

2 

14 

14 

14 

12 

10 

10 

8 

8 

A 

6 

6 

6 

larger than No. 8 wire because of the 
difficulty of handling in conduit Where 

2 

2 

14 

14 

14 

12 

10 

H 

8 

8 

* 

6 

6 

6 

the proper wue aue for a proposed in¬ 
stallation, according to this table, la 
larger than No. 8. it m usually best either 

2 

2 

14 

14 

14 

12 

12 

10 


# 

8 

A 

6 

4 

^ to provide more circuits with lew load, 
or to relocate distribution centers to da* 

2 

2 

14 

14 

IS 

MM 

10 

i 

B 

8 

6 

6 

6 

5 

crease lengths of run. Tbs dotted line 
shows the usual practical limits for dr* 
cuit load and length of run. 

E 

1 

14 

14 

12 

i 

la 

E 

E 

8 

6 

6 

6 

E 

B 

1 

■ 

■ 





Q 

1 

14 

14 

12 

B 

fi 

B 

fl 

8 

6 

6 

6 

B 

B 

B 

B 

!E 

1 


E 


D 

1 


Not& These recommendations on wiring are based on the allowances of The National Code: 
i. e. circuits equipped with aoed>iun screw sockets limited to 15 amperes and not more than 
12 outlets per circuit; mogul sockets—limited to 40 amperes and 8 outlets per circuit. P rese n t 
wiring practice is usually well within the limit allowed by the code. In soup cases it is necessary 
to meet other requirements of local codes. 

• From National Lamp Works Bulletin No. 41-D. 
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Table VI. Recommended Capacity for Outlet * 


Actual 
floor 
area per 
outlet 

Square 

feet 

Class A 
Installations 

(Such as offices, 
drafting-rooms, 
factories, etc.) 

Wattage 
capacity 
per outlet 

Class B 
Installations 

(Such as stores, 
school-rooms) 

Wattage 
capacity 
per outlet 

Class C 
Installations 
(Such as neigh¬ 
borhood stores, 
storage areas in 
factoriesf and 
basements) 
Wattage 
capacity 
per outlet 

Class D 
Installations 

(Such as storage 
areas in garages 
and unimportant 
basements) 

Wattage 
capacity 
per outlet 

65-75 

300 

200 

150 

100 

75-85 

300 

250 

150 

100 

85-95 

350 

250 

200 

100 

95-110 

400 

300 

200 

100 

110-125 

450 

350 

250 

150 

125-140 

500 

400 

250 

150 

140-160 

600 

450 

■ 1 

150 

160-190 

700 

500 ! 

350 

200 

190-220 

! 800 


400 

200 

220-260 

950 

700 

450 

250 

260-300 

1 100 

800 

550 

300 

300-340 

1 250 

950 

650 

300 

340-390 

1 450 

1 100 

750 

350 

390-440 

1 650 


850 

400 

440-500 



950 

450 

500-560 


1 600 

1 050 

500 

560-630 


1 800 

1 200 

550 

630-710 



1 350 

650 

710-800 



1 500 

750 

800-900 



1 700 

850 


• From Westinghouse Lamp Co., Bulletin E-108. 

f In factories it is often desirable to convert storage areas into work places to meet 
immediate production needs. For this reason, it is recommended that storage areas be 
wired according to Class B Specifications. 


Example. What should be the size of the wires to be run to a motor that 
requires 30 amperes at 220 volts and is situated 200 ft from the distributing 
pole, the drop in volts not to exceed 2 %? 


Solution. 


Using Formula (1), and substituting 30 for N X /, we have 


Circular mils 


10.4 x 400 X 30 
4.4 


28 400 


which requires a No. 5 wire. Either the watts or the current in amperes is 
stamped on every motor. If watts are given, the current in amperes may be 
found by dividing the watts by the voltage. If kilowatts are given, multiply 
by 1 000 and then divide by the voltage. 

Wiring-Tables. Several forms of wiring-tables which are very useful to 
electricians are published in various books on electricity. For ordinary inte¬ 
rior wiring Table V will show at a glance the number of wire, B. & S. gauge, 
required. 
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Simple Example of Wiring. To show the method of Wiring an ordinary 
building for incandescent lighting we will take a two-story building having a 
floor-plan as shown in Fig 11. Most of the light-outlets are on the ceiling 
and are indicated by a small circle. The outlet marked E is a special outlet for 
heating, etc., and must be described in the specifications. Let us assume it is 
to take 320 watts. This 


is equivalent to adding 
eight 40-watt lamps to 
this circuit. F and G are 
wall-outlets. The mean¬ 
ings of the symbols used 
are explained under Stand¬ 
ard Wiring Symbols. The 
numbers 1 and 2 inside 
the circles denote the 
number of 60-watt lamps 
to the outlet. The same 
number of 25-watt or 
40-watt lamps may always 
be used without overload¬ 
ing the circuits. See 
Standard Wiring Sym¬ 
bols. The service wires 
should connect to the 
main f u s e-b lock and 
switch, which should be 
in a small cabinet, and to 
the meter (M ). The dis¬ 
tribution-cabinet should 
be located near the center 
of the building, say at DC, 
and there should be a 
cabinet on each floor. 
From this cabinet we will 
run four circuits for each 
floor, which are indicated 
by the letters A, B,C and 
D. Circuit A shows the 
wires run for a switch on 
the wall near the door of 
each of four rooms to 
( Control the lights in those 
looms. The lights on 
*1 circuits B and D are not 
- switched, except the outlet 
at head of stairs, which is 


Basement 



Fig. 11. Wiring-diagram for Second Story 


controlled by a snap or 

push-button switch at 5. For a first-class job all of the four circuits would 
be controlled by knife-switches in the cabinet, as shown in Fig. 12; but this 
is not absolutely necessary. 


Size of Wires. The load-center of circuits A , C, and D would be at about 
the points marked X (Fig. 11). For circuit B take one-half the distance ab 
and add to it the distance from c to the cabinet. In figuring the length of 
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line, 6 ft should be added for the drop from ceiling to the cabinet. In com¬ 
puting the current taken by each lamp it is assumed that no smaller than a 
40-watt tungsten is used. The number of 40-watt lamps and length of wire 
for each circuit are as follows: 

Circuit A , 8 lights, 41 ft one way to load-center. 

Circuit B, 11 lights, 52 ft one way to load-center. 

Circuit C, 16 lights, 37 ft one way to load-center. 

Circuit D, 12 lights, 59 ft one way to load-center. 

Total number of lamps, 47. 

From Table V we see that all of the lamp-circuits can be No. 14 wire, which 
is the smallest size permitted. 

Feeders. These should be run on the three-wire system. Allowing for 
2 X 47 or 94 lamps in first and second stories and eight in basement, the feed¬ 
ers must be capable of 
supplying 102 lamps. Each 
40-watt lamp would take 
40/110 - 0.364 ampere. The 
distance from outside the 
building to distribution- 
cabinet is about 72 ft, allow¬ 
ing for three drops. Using 
Formula (1), and assuming 
that there will be fifty-one 
lamps on each side of the 
three-wire system, and 

doubling the drop in volts, 
gives 

Circular mils 

10 4 X 144 X 0 364 X 51 
4 

-■ 6 960 c.m. 

fuse-plugs s.fe KNiFg-swiTCH&s w hi c h ca n s f or No. 11 wire; 

Fig. 12. Cabinet-wiring for Knife-switch Control but as this size is not car¬ 
ried in stock we must use 
No. 10. From the second story to the third No. 12 wires could be used. For 
almost all buildings lighted from a central station the lamp-circuits will not 
usually require a wire larger than No. 14, so that about the only wires which 
the architect needs to look after are the wires which run to the distribution- 
cabinets. 

Switches. A switch is a device for opening or closing a circuit at will either 
at the fixture or at any other point. In the better class of buildings the 
majority, if not all, of the ceiling lights are controlled by switches placed at a 
convenient place on a side wall. Lights may be controlled at any distance 
from the fixture by running a switch-loop. For controlling either a single 
lamp or fixture, or any number of lamps, a switch-loop is run as shown on 
circuits A and C, as in Fig. 11. As shown also in Fig. 3, one side of the loop 
must be connected with one of the distributing wires and the other side to the 
lamp. When a number of lamps are to be controlled by one switch, as in the 
case of hall-lights, and the lamps in large rooms, such as churches, theaters, 
concert-halls, etc., a separate circuit is usually run for those lamps, and a 
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switch anywhere in one of the distributing lines will turn on or off all of the 
lights on that line. It is also practicable to control one lamp from two or 
three places. Thus by a duplex or three-point switch and proper wiring, a 
lamp may be lighted or turned off from either the first or second story at will. 
By means of two three-point switches and one four-point switch a first-story 
hall-lamp may be controlled at will from either the first, second or third stories. 
Fig. 13 shows the method of control from 


any number of points, since any number of 
4-point snap-switches, such as B t C and Z), 
can be inserted between the 3-point switches 
A and E if more points of control are needed. 
Fig. 14 shows one method of wiring for con¬ 
trolling a hall-light from first and second 
stories by means of two 3-point switches. 
With the switches in the position shown the 
circuit is broken, as there is no connection 




Fig. 13. The Lamp May be Turned Off or On Fig. 14. The Lamp May Be 
From Any of the Five Points, A, B, C, D, Turned Off or On From Either 
or E the First or Second Story 


between the lamps and line B. By turning either switch a connection is 
made with line B and the current will flow. 


Kinds of Switches. For controlling lamps from one point three kinds of 
switches are used, namely, snap-switches, flush or push-button switches 
and knife-switches. When less than eight lamps are controlled by the 


switch, a flush or push-button switch is 
commonly used where a neat appearance 
is desirable, and in places where this is 
of no importance, a snap-switch is used, 
as it is the cheaper. Where a circuit of 
twelve or more lamps is controlled by a 
switch, a double-pole (d.p.) knife-switch 
(Fig. 15) is commonly used, being gen¬ 
erally placed in a cabinet. Knife-swit^ies 
should always be used on main wires. 
Snap and push-button switches are made 
both single and double pole. A single¬ 



pole switch opens only one side of the Fig . 15> Common Knife-switch 
circuit and a double-pole switch both 


sides. A double-pole knife-switch necessarily opens both sides. A switch 
used on a three-wire system may have three poles. 
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Methods of Wiring 

Various wiring methods have been developed to meet different conditions: 

(1) Open wiring is probably the cheapest method and is still used to some 
extent in industrial work. In dry places and for voltages not in excess of 300, 
the wires must be separated 2 l /fa in from each other and at least in from 
the surface wired over. In damp locations the spacing to the surface must 
be increased to one inch and rubber-covered wire must be used. 

(2) Concealed knob-and-tube wiring was once the favorite method of 
house wiring, but has now been largely superseded by armored cable and other 
high-class methods. The conductors are supported on porcelain knobs and 
are run in the hollow spaces of walls and ceilings. Wires must be rubber- 
covered. They must be separated at least 5 in and must be maintained one 
inch from the surface wired over. Where the 5-in spacing cannot be main¬ 
tained, the wires are encased in lengths of approved flexible tubing. 

(3) Rigid Conduit. Since weather-proof and rubber-covered wire cannot 
be run in brick walls or floors of brick, terra-cotta, or concrete without some 
protection other than the covering of the wires, it is necessary in such places 
to run the wires in tubes or conduits. In fire-proof buildings, all the wires are 
run in conduits or in armored cable. 

For rigid conduit systems only mild steel piping of the same thickness as 
ordinary gas-piping is approved by the underwriters. The conduit must be 
continuous from outlet to outlet and must properly enter and be secured to 
all fittings. It is installed in the same manner as a good job of gas-fitting, 
except that conduit may be bent to a curve and no elbow can be used having 
less than a 3 ^ 2 -in radius for the inner edge. Wherever branches are taken 
off, junction boxes must be provided, and every outlet must have an approved 
outlet box and plate. The wires must be No. 14 or larger, rubber-covered. 
The conduit system must be grounded. 

Rigid conduit is undoubtedly the best form of wiring, though it is also the 
most expensive on account of the labor cost for bending, threading, etc. 

(4) Flexible armored conduit is made of steel ribbon wound spirally. 
Its advantage over rigid conduit is that it is so much easier to install. The 
same outlet boxes and fittings are used as for rigid conduit, and the complete 
conduit system is grounded. 

(5) Metal raceways are not approved for wires larger than No. 8 and must 
not be fused for more than 30 amps. Rubber-covered wire must be used and 
must be continuous from outlet to outlet. Metal raceways must be grounded. 

(6) Flexible armored cable consists of two or three rubber-covered 
wires protected by a spiral steel tape. It may be used in open or concealed 
wiring in dry locations. It may be fished and may be embedded in the 
plaster finish. For very damp locations, a special cable having a lead sheath 
under the protective armor is available. Steel covering must be grounded. 

(7) Non-metallic sheathed cable is used only in residences or offices in 
residential neighborhoods. It must not be installed in masonry, concrete, or 
where exposed to the weather. It is comparatively cheap and easy to install. 

National Electrical Code. The National Board of Fire Underwriters has 
prepared a code of rules and requirements for the installation of electrical 
lighting which is the generally recognized standard and with which all interior 
wiring must comply if it is desired to obtain insurance on the building. This 
code has also been made a part of the ordinances of most of the larger cities. 
The National Board of Underwriters also publishes, semi-annually, a sup- 
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plement to the National Electrical Code which contains a list of all articles 
that have been examined and approved for use in connection with the code, 
together with the names of the manufacturers. Articles not included in this 
list will not be passed by the inspectors. Copies of the code and supplement 
can be obtained from the nearest Underwriters' Inspection Bureau, or by 
writing to the Underwriters’ Laboratories, 207 E. Ohio St., Chicago; 109 
Leonard St., New York; or 205 Merchants’ Exchange, San Francisco. The 
following requirements apply to almost every installation, and every architect 
should be conversant with them. 

Extracts from the National Electrical Code * 

(1) All wire for concealed work must be of the best approved rubber-covered 
brands No wire smaller than No. 14 B. & S. gauge is to be used. All wire 
run in conduits must have double-braid covering. 

(2) Where wires are concealed and run parallel to joists they must be sup¬ 
ported on porcelain knobs which hold the wires at least 1 in from woodwork 
or surface wired over. Knobs must be securely fastened and must be 
placed every 4j^ ft. Where wires are run through joists they must be 
bushed with porcelain tubes the entire width of joists. All wires must be 
drawn tight, so as to have all slack removed. 

(3) In concealed work all wires must be separated from each other by 
at least 5 in. Where wires run down partitions, especially partitions formed 
by 2 by 4-in studs, the wires must be so supported as to run in the middle of 
partition. If more than two wires are run down partition between studs, they 
must be separated by at least 5 in. 

(4) Where wires pass through floors they must be protected from the floor 
up to a point 5 ft above the floor with conduit or with boxing. There must 
always be a space of 1 in between the wires and the boxing. 

(5) Ail joints must be securely soldered and taped. A splice to be ap¬ 
proved must be both mechanically and electrically secure without solder, but 
must be soldered unless made with some form of approved splicing-device. 
Joints to be properly taped require, where rubber-covered wire is used, first 
to be taped with rubber tape and then with friction-tape. The insulation of a 
joint must equal that on the conductors. 

(6) Where wires enter the building they must be provided with drip-loops. 

(7) There must be a main cut-out and switch installed in an easily acces¬ 
sible place, as near as possible to the point where the wires enter the building. 

General Suggestions for Electric Work f 

General Principles and Recommendations. In all electric-work con¬ 
ductors, however well insulated, should always be treated as bare, to the end 
that under no conditions, existing or likely to exist, can a grounding or short 
circuit occur, and so that all leakage from conductor to conductor, or between 
conductor and ground, may be reduced to the minimum. In all wiring special 
attention must be paid to the mechanical execution of the work. Careful and 
neat running, connecting, soldering, taping of conductors, and securing and 
attaching of fittings, are specially conducive to security and efficiency, and 

* The numbers here given do not correspond with those in the code, and several of 
the rules are much abridged. They are intended to give the substance, rather than the 
exact language. 

f Preface to the National Electrical Code. 
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will be strongly insisted on. In laying out an installation, except for constant- 
current systems, the work should, if possible, be started from a center of distri¬ 
bution, and the switches and cut-outs, controlling and connected with the 
several branches, be grouped together in a safe and easily accessible place, 
where they can be readily got at for attention or repairs. The load should 
be divided as evenly as possible among the branches, and all complicated and 
unnecessary wiring avoided. The use of wireways for rendering concealed 
wiring permanently accessible is most heartily indorsed and recommended; 
and this method of accessible concealed construction is advised for general use. 
Architects are urged, when drawing plans and specifications, to make provi- 



Fig. 16. Main Switch, Fuse-block and Meter Located Near the Point of Entrance of 
the Service-wires 


sion for the channeling and pocketing of buildings for electric-light or power- 
wires. Fig. 16 shows a common arrangement of main cut-out. switch and 
meter. 


Specifications for Interior Wiring * 

Specifications for Interior Wiring should provide: 

(1) That the wiring shall be installed in accordance with the latest rules and 
requirements of the National Board of Fire Underwriters, the local ordinances, 
and the rules of the local electric light company, where current is to be taken 
from the public mains. 

(2) No electrical device or material of any kind to be used that is not ap¬ 
proved by the Underwriters’ National Electric Association, and all articles 
must have the name or trade-mark of the manufacturer and the rating in volts 
and amperes or other proper units marked where they may readily be observed 
after the device is installed. 

Requirements (1) and (2) are sufficient to insure a safe installation. 

(3) Contractor must obtain a satisfactory certificate of inspection from the 
city inspector or from the inspector of the local board of fire-underwriters. 

(4) If the wires are to run in a conduit system it should be so specified. 
When a conduit system is used, the wires should not be drawn in until all 
mechanical work as far as possible is completed. It is best to wait until after 
the plastering is dry. All conduit systems must be grounded. 

(5) Size of Wires. The best method is to specify the size of all wires, no 
wire to be less than No. 14 B. & S. gauge; but if the architect docs not 
care to do this, the following clause is sufficient, provided he can have confi¬ 
dence that the contractor will comply with it: “All wires must be of such 
size that the drop in potential at farthest light-outlet shall not exceed 2% 
under maximum load.” 

(6) Cut-out cabinets and where they are to be placed; also location of 
mainline cut-out and fuse. For buildings containing not more than forty 

* Wiring specifications for buildings having their own generating plant should be pre¬ 
pared by an expert. 
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lights, one distributing point is generally sufficient, although in large houses 
it is often convenient to have a cut-out cabinet on each door 

(7) Number and kind of switches. All outlets should be marked on the 
plans, and the number of lights indicated by figures 1, 2, 3, 4, etc., as in Fig. 
11. See Standard Symbols. The location of all switches for controlling 
lights should also be indicated on the plans. 

Approximate Cost of Wiring for Incandescent Lighting. Approximate 
estimates of the cost of wiring buildings for electric lighting are usually based 
on the number of outlets (not lamps). The actual cost will depend upon the 
number of pounds of wire required, the kind and number of switches, character 
of cut-out cabinets, etc., and the time required to do the work, so that a close 
estimate cannot be made without plans and specifications. Again, wages and 
prices of material vary to a considerable extent in different parts of the coun¬ 
try, so that an estimate that would be about right for one locality would not 
suffice for another. 
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Standard Symbols for Wiring Plans 

As recommended and adopted by the Association of Electragists, Interna¬ 
tional, The American Institute of Architects and the American Institute of 
Electrical Engineers, and approved by the American Engineering Standards 
Committee. 
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<£>• 


0*0 
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s 1 

s 2 

s* 

s 4 

S D 

S K 

S E 

s p 
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w 
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Ceiling outlet. 

Ceiling outlet (gas and electric). 

Ceiling lamp receptacle. Specifications to describe type such 
as key, keyless or pull chain. 

Ceiling outlet for extensions. 

Ceiling fan outlet. 

Wall bracket. 

Wall bracket (gas and electric). 

Wall outlet for extensions. 

Wall fan outlet. 

Wall lamp receptacle. Specifications to describe type such as 
key, keyless or pull chain 

Single convenience outlet. 

Double convenience outlet. 

Junction box. 

Local switch—single pole. 

Local switch—double pole. 

Local switch—3 way. 

Local switch—4 way. 

Automatic door switch. 

Key push button switch. 

Electrolier switch. 

Push button switch and pilot. 

Motor. 

Motor Controller. 

Lighting panel. 

Power panel. 

Heating panel 
Pull box. 

Cable supporting box. 

Meter. 

Transformer. 

Branch circuit, run concealed under floor above. 

Branch circuit, run exposed. 

Branch circuit, run concealed under floor. 
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Standard Symbols for Wiring Plans (Continued) 

As recommended and adopted by the Association of Electragists, Interna¬ 
tional, The American Institute of Architects and the American Institute of 
Electrical Engineers, and approved by the American Engineering Standards 
Committee. 
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This character marked on tap circuits indicates 2 No. 14 conduc¬ 
tors in 3^-inch conduit. 

Indicates 3 No. 14 conductors in V£-inch conduit. 

Indicates 4 No. 14 conductors in %-inch conduit unless marked 
J^-inch. 

Indicates 5 No. 14 conductors in %-inch conduit. 

Indicates 6 No. 14 conductors in 1-inch conduit unless marked 
%-inch. 

Indicates 7 No. 14 conductors in 1-inch conduit. 

Indicates 8 No. 14 conductors in 1-inch conduit. 

Note. If larger conductors than number 14 are used, use the same 
symbols and mark the conductor and conduit size on the run. 

Feeder run concealed under floor above. 

Feeder run exposed. 

Feeder run concealed under floor. 

Annunciator. 

Interior telephone. 

Public telephone. 

Clock (secondary). 

Clock (master). 

Time stamp. 

Electric door opener. 

Watchman station. 

Watchman central station detector. 

Public telephone—PBX switchboard. 

Interconnection telephone central switchboard. 

Interconnection cabinet. 

Telephone cabinet. 

Telegraph cabinet. 

Special outlet for signal system. As described in specifications. 
Battery. 

Signal wires in conduit. Concealed under floor. 

Signal wires in conduit. Concealed under floor above. 
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CHAPTER XXXV 

ACOUSTICS OF BUILDINGS 

By 

F. R. WATSON 

PROFESSOR OF EXPERIMENTAL PHYSICS, UNIVERSITY OF ILLINOIS 

Introduction. The modern science of the acoustics of buildings began 
with the work of Wallace C. Sabine about 1895. In a series of funda¬ 
mental, painstaking experiments, he lifted the fog of mystery that hung 
over the subject, and showed that action of sound in buildings could be ex¬ 
pressed in terms of well-known scientific laws. Because of his pioneer 
work, and later investigations, it is now possible to prescribe conditions for 
securing good acoustics in any room; also, to construct walls necessary for 
adequate sound-proofing with some degree of success. The architectural 
engineei thus has available a considerable body of data for guidance in the 
control of acoustics in buildings. For architects, there remains an unde¬ 
veloped problem in the design of auditoriums which will give conditions favor¬ 
able for performers in the generation of sound and at the same time will insure 
comfortable listening for auditors. There are thus two chief problems in 
the acoustics of buildings: the acoustics of rooms and soundproofing of 

ROOMS. 


1. Acoustics of Auditoriums 

Action of Sound in a Room. When a speaker or musician appears before 
an audience, the sounds he creates proceed outward in spherical waves until 
they strike the boundaries of the room. Here they are reflected, transmitted 



Fig. 1. Diagram Showing How Sound Travels in Compressional Waves from the Source 
to the Listener 

and absorbed in varying amounts, depending on the character of the walls. 
Fig. 2 pictures a pulse of sound in a room 60 ft long and 40 ft wide, }/qo second 
after it has left the speaker at S. The pulse travels rapidly—as fast as a 
rifle bullet, about 1 120 ft per second at ordinary temperatures—so that, by 
successive reflections, it quickly fills the room. Fig. 3 pictures the same 
pulse J-<jo second later than the position in Fig. 2, and shows the increasing 
reflections and crossings of the sound. The imagination readily supplies the de¬ 
tails after o second has elapsed, when sound has been reflected many times 
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not only from the walls as pictured in Figs. 2 and 3, but also from the ceiling 



Fig. 2. Pulse of Sound in a Room, Ho of a Second after Leaving the Source, S 

and floor, so that every element of volume in the room is filled with waves 
proceeding in every direction. This means that the sound has the same 
average loudness for all 
auditors, even those in remote 
corners. 

Souud Waves in an Audi¬ 
torium. The pulse shown in 
Figs. 2 and 3 is of much 
shorter duration than those 
usually met with in auditori¬ 
ums. A simple musical tone, 
for instance, consists of a 
series of compressions and 
rarefactions that follow each 
other regularly. Fig. 4 is a 
photographic attempt to illus¬ 
trate a musical sound in an 
auditorium. The waves pic¬ 
tured are really water waves. 

A thin metal strip, shaped so 
as to give a miniature outline Fig 3 Pulse of Sound _ ^ 

of an auditorium, was laid flat Source 

on the glass bottom of a tank 

of shallow water. By directing puffs of air on the water surface, waves 

were generated that proceeded out¬ 
ward in circles and were reflected 
from the metal outline. Flashes of 
light coming up through the glass 
bottom of the tank cast a shadow of 
the waves on a screen and allowed 
a photograph to be taken. These 
water waves are quite similar in 
their action to sound waves and 
present a convenient means for 
studying the acoustic effect of pro¬ 
posed architectural features in an auditorium, so that objectionable construc¬ 
tions may be redesigned before the Anal plans are completed. 




Fig. 4. Photograph Showing How Sound 
Waves Will Act in an Auditorium 
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Defects Due to Reflected Sound. While the reflection of sound has the 
advantage of increasing the loudness somewhat, it is also responsible for most 
of the acoustics defects in a room, such as echoes, resonance and rever¬ 
beration. It appears of practical advantage to eliminate or reduce the 
reflected sound, as explained later under Ideal Auditorium Acoustics. 

Echoes. When sound is reflected from a surface in the room, particularly 
a curved surface, auditors will get a distinct confusing repetition of the direct 
sound that is called an echo. This occurs when the time interval between 



Fig. 5. Echo Set up by Reflected Sound in University of Illinois Auditorium 


the direct and reflected sounds is about second or more, which corre¬ 
sponds to a difference in path of these two sounds of about 75 ft. Fig. 5 pic¬ 
tures such an echo. Curved walls are a menace to good acoustics. Fig. 6 
shows a concentration of sound due to a curved wall, which will be annoying 
to auditors at C and D> although the difference in path between direct and 
reflected sound may not be great enough to produce a distinct echo. The 
effect of curved walls may be minimized by inserting grills in them, or by 
coffering them with highly absorbent material, so that the reflected sound is 
broken up. 

Reverberation. The chief acoustic defect in rooms is a reverberation, 
or undue prolongation of sound. For example, when sound waves strike 
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plaster walls, only about 3% of the energy is absorbed, so that 97% is reflected. 
4t the next reflection the same action follows, so that as many as 300 to 400 



reflections may take place in a room before the sound energy is used up. 

The correction for this defect lies in the installation of suitable materials 
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Fig. 7. Objectionable Persistence of Sound in a Reverberant Room 


which absorb more energy at each reflection and cause the sound to die out 
more quickly. Fig. 7 gives a diagram to illustrate, and shows that the loud- 
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fusing overlap of four words in a speech and makes clear why people are 
unable to understand the jumble of sounds s6t up 
Fig. 9 shows the same words in the same room, Fig. 8, after it has been cor¬ 
rected with absorbing materials. 



Time In Seconds 

Fig. 9. Diagram Showing Beneficial Reduction of Overlap in Speech Sounds in a Cor¬ 
rected Room 


Correction of Reverberant Rooms. The problem of correcting a rever¬ 
berant room involves a calculation of the volume and absorbing values which 
are substituted in an equation developed by Wallace C. Sabine: 

/ - 0.05 V/as 

in which t ■» time in seconds for a standard sound to die out; 

0.05 • a constant for standard loudness; 

V m volume of the room in cubic feet; 
as m absorption of all the surfaces and objects in the room. 

The factor as is found by adding the absorptions of the different surfaces in 
the room as indicated by the equation: 

as - aiJi + a 2 s 2 + a 2 s 2 -f • 

where the surfaces s\, s 2 , s 2 , ... and likewise the coefficients a\ t a 2 , a 2t ... refer to 
the different materials. When the absorption a> becomes large so that the average 
coefficient a exceeds the value 0 25, it is replaced by the factor -log*. (1 ~a) as 
required by Eyring’s equation. This means that the desired time of reverberation 
may be brought about by using a smaller amount of absorbing material. 
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Fig. 10. Optimum Time of Reverberation for any Room 


Optimum Time of Reverberation. A study of a large number of auditoriums 
gave data leading to the graph drawn in Fig. 10, which gives average values for 
the time of decay of a sound of the frequency 512 cycles per second for audi- 
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toriums of different volumes. It should be noted that the time in any auditorium 
should be short, not exceeding 2 seconds for a large volume of 1000 000 cu ft. 

Optimum Time of Reverberation for Different Types of Rooms * 


EBSyi 

Churches 

Theaters and 
School 
auditoriums 

Sound pictures 

100 000 - 200 000 
200 000- 400 000 
400 000- 800 000 
800 000-1 000 000 

1.4 ±0.3 sec 

1.6 ±0.3 sec 

1 75 ±0.3 sec 
1.85±0.3 sec 

1 2±0 3 

1.3 ±0.3 

1 4 ±0.3 

1.2 ±0.2 

1.3 ±0.2 

1 4 ±0.2 
1.6±0 2 


These values are for the frequency of 512 cycles per second, with capacity 
audiences present. 


Table I.f Coefficients of Sound Absorption for the Average Pitch 
of 512 Vibrations per Second 


Material 

Coefficient 
per sq ft 


0 017 


0 03 

Carpet, unlined. 

0 15-0.20 


0.20-0.35 

Fabrics, hung straight: 

Light, 10 oz per sq yd. 

0.11 

Medium, 14 oz per sq yd. 

0.13 

Heavy, draped, 18 oz per sq yd. 

0.50 

Openings: 


Stage, depending on furnishings. 

0 25-0 75 

Deep balcony, upholstered seats . 

0 50-1 00 

Grills, ventilating. 

0 15-0 50 

Plaster, gypsum or lime, smooth finish on tile or brick. 

0 025 

Plaster, gypsum or lime, smooth finish on lath. 

0 03-0.04 

Plaster, gypsum or lime, rough finish on lath. 

0 06 

Glass. 

0 03 

Marble or glazed tile. 

0 01 

Wood panelling. 

0.06 

Floors: 


Concrete or terrazzo. 

0 015 

Wood. 

0 03 

Linoleum, asphalt, rubber, or cork tile on concrete. 

0.03-0.08 

Seats and Audience 


Metal or wood chairs (i nits per seat). 

0 17 

Auditorium chair, wood veneer seat and back. 

0.25 

Wood pews... 

0.4 

Pew cushions... 

1.45-1.90 

Theater chairs, upholstered in leatherette. 

1.6 

Theater chairs, heavily upholstered, plush or mohair. 

2.6-3.00 

Seated audience, per person (depending on character of seats). 

3.0-4.3 


* Theory and Use of Architectural Acoustical Materials, published by the Acoustical 
Materials Association, and republished with their permission. 

t Copied from Bulletin II of the Acoustical Materials Association. 
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Absorbing Coefficients. Before installing absorbing materials to reduce 
the time of reverberation, it is necessary to know the absorbing value of various 
products that may be used in a room. A large number of these have been 
determined experimentally by Wallace Sabine and later investigators as 
shown in Table I. A perfect absorber is one that absorbs all the sound 
falling on it, so that its coefficient is 1. A material with the coefficient 0.50 
will absorb half the sound incident upon it, or 50%. 

Inspection of Table I shows that plaster, brick, wood and glass—the mate¬ 
rials most commonly used for the interior surfaces of rooms—have small 
absorbing values, and account for the defective reverberation so prevalent in 
modern buildings. Porous materials such as hairfelt, carpets, fiber boards, 
cork, etc., as well as certain porous acoustic plasters, are usually good absorb¬ 
ers. The sound energy is converted into heat by friction in the pores of 
materials. An audience is a good absorber of sound on account of the cloth¬ 
ing worn, and must always be considered in the acoustic correction of rooms. 

Numerical Example of Acoustic Adjustment of a Room. Consider a room 
of 44 000 cu ft volume, for which optimum acoustics are desired when an 
average audience of 100 people is present. The optimum time of reverbera¬ 
tion for a volume of 44 000 cu ft (Fig. 10) is 1.37 seconds, so that the absorp¬ 
tion a needed according to Sabine’s equation is: 

1 37 = 05 X 44 000/a 

from which, a - 1 610 units. The absorption of the room is as follows: 


Open windows 

30 

sq 

ft 

at 

1 00 

- 30 

units 

Plaster on tile walls 

6 000 

sq 

ft 

at 

0 025 

- 150 

units 

Plaster on lath 

3 000 

sq 

ft 

at 

0.033 

- 99 

units 

Wood floor (varnished) 

3 000 

sq 

ft 

at 

0.03 

- 90 

units 

Seats 300 




at 

0.15 

- 45 

units 

Total empty room 






414 

units 

One-third audience, 100 

1 at (4 

.7-0.15) 

* 

455 

units 







869 

units 


• An auditor adds only the difference between his absorption, 4.7 units, and the seat 
he covers, 0.15 unit, which has already been counted. 

The room thus has 870 units, in round numbers, and will be too reverberant. 
It will be necessary to add 740 units of absorption to give the 1 610 units 
desired for optimum acoustics. The acoustic adjustment may be made in 
several ways, depending on the circumstances. 

Solution 1. Install 1 580 sq ft of material at 0.5 - 740 units. Thi9 could 
be applied in decorative panels on the ceiling. 

Solution 2. Install 3 700 sq ft of acoustic plaster at 0.2 ==■ 740 units. 
Plastering the ceiling and the upper side walls would give the desired absorp¬ 
tion. 

Solution 3. Install 300 upholstered seats at 2.5 » 750 units. 

Solution 4. (a) 300 upholstered seats at 1.6 = 480 

(5) 1300 sq ft acoustic plaster at .2 * 260 

- 740 units. 

It is usually better to spread the absorption over some area, rather than 
concentrate a highly absorbent material on a small area. Upholstered sets 
make a loom less dependent on the audience; if an upholstered seat is unoc- 
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cupied, it presents considerable absorption; if it is occupied the auditor adds 
the absorption of his clothing. 

Selection of Absorbing Materials. When selecting a material for the 
acoustic adjustment of a room, several considerations should be held in mind. 

(1) The Absorbing Value of the Material. To be effective, the material 
should be porous, preferably with rather large openings at the surface that 
allow sound to penetrate to the interior, where absorption takes place in the 
fine pores by reason of friction between the vibrating air particles and the 
walls of the pores. The absorption depends on the pitch of the sound, being 
a maximum usually for 1 000 to 2 000 vibrations per second. In computing 
the acoustic correction of rooms, the coefficients for the pitch 512 are used, as 
shown in Table I, since this value is found to be a satisfactory average of the 
coefficients for all the pitches. When comparing the cost of different mate¬ 
rials, the absorption coefficient should be considered For example, 1 000 
sq ft of a material of coefficient 0.5 gives 500 units of absorption (1 000 X 0.5 
- 500), while a material of 0.25 coefficient would require 2 000 sq ft to giv# 
the same number of units (2 000 X 0.25 = 500). 




Fig. 11. Plan and Section of Reflecting Walls about Speaker or Musician to Give 
Perfect Generation of Sound 

(2) Painting or Redecorating Materials. It is necessary to keep the pores 
of the material open if it is to retain its acoustic value. Materials with large 
channels or perforations can be painted without acoustic loss if these holes are 
not closed. Otherwise it is necessary to use special sprays in decoration. 

(3) Standard Materials. Materials made at a factory and shipped for 
installation are more likely to have standard values than those made up on 
the job, where the skill of the workmen determines the efficiency. 

Ideal Auditorium Acoustics. There is a need and desire for perfect 
acoustics in auditoriums, but the construction of such rooms is not common 
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because of lack of the necessary guidance. It has already been shown that 
the reflection of sound to auditors in auditoriums is responsible for most of 
the acoustic defects. The radical question then arises, is it possible to get rid 
of the reflected sound? The answer is, yes, as illustrated by an open-aij 
theater; and these theaters always have good acoustics. The problem then 
is to make the indoor theater as dead as outdoors by the installation of sound¬ 
absorbing materials on the walls and ceilings, with upholstered seats on the 
floor. But will this not make the room too dead? No, provided certain 
reflecting walls are provided for the performers. Recent experiments show 
that speakers and musicians find it easy to talk or sing if they can “hear 
themselves ” by the sound reflected from nearby walls. These walls should 
be as substantial as possible (but heavy painted canvas surfaces can be used) 
and should preferably not be more than 25 ft distant from the performer. 
Fig. 11 gives the plan and section of a suggested simple stage for satisfactory 
generation of sound by a performer. 

There are two requirements for an ideal auditorium: 

(1) For perfect generation of sound, the performer should have reflecting 
walls near by to amplify the sound and allow him to “hear himself.” Addi¬ 
tional loudness, if necessary, can be obtained by the usual electric loud¬ 
speaker amplification. 

(2) For perfect reception of sound by listeners, the reflection by walls and 
ceiling of a room should be reduced to a minimum by the use of sound-absorb¬ 
ing materials, so that the auditorium will be like an outdoor theater* 


2. Soundproofing in Buildings 

Need for Soundproofing. The problem of soundproofing in buildings ha3 
received an increasing amount of attention in recent years, because of the 
insistence on the reduction of noise. The demand for quiet rooms in hos¬ 
pitals, hotels, and office-buildings, the desirability of insulating music studios 
and rooms where disturbing sounds are produced, and the necessity for solving 
other problems for the control of noise have led to repeated inquiries by archi¬ 
tects and builders for reliable information about effective methods of insu¬ 
lating sound. 

Sound Insulation a Matter of Uncertainty. A number of perplexing prob¬ 
lems are involved in the practical insulation of sound in buildings. The 
theory of the subject is incomplete, and practical attempts to secure effective 
soundproofing are not always attended with success, even though the construc¬ 
tions used are in accord with the theory and apparently have the elements of 
adequate insulation. Sound progresses with facility through the different 
solid materials in a building structure in paths not easy to trace, and may be 
heard in positions quite remote from the source. This action, together with 
the extreme sensitivity of the ear, explain why the insulation of sound is a 
difficult matter. 

Two Types of Sound to be Considered. The general problem of sound¬ 
proofing involves a consideration of two types of sound. First, there are 
those, such as violin sounds, that are generated in the air and progress in the 
air. These are quite effectively stopped by fairly rigid walls that do not have 
openings for pipes or ventilators. Second, there are vibrations, set up by an 
unbalanced motor that is rigidly attached to the building structure, that are 
very difficult to stop, and special devices are required to insulate the motor 
from the structure. 

When sound is incident upon a partition, it is reflected, absorbed and trans- 
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mitted, the exact amount of each depending on the character of the partition 
and the incident sound. Fig. 12 pictures these effects. 

Transmission of Sound Through a Partition. The sound emitted from the 
source S fills the room quickly where part of it is absorbed by the walls and 
part is transmitted into the second room. The transmission through the 
dividing partition can take place in three ways. 



Fig. 12. The Reflection, Absorption and Transmission of Sound by a Partition 

(1) It can pass easily through ventilating ducts, through cracks around 
doors or through other similar openings. Unless these air passages are 
stopped or guarded in some way, it is useless to build any “sound-proof" 
construction. 

(2) The partition is set into forced vibrations by the rapid pushes and pulls 
of the sound compressions and rarefactions, so that it sets up sound waves in 



Fig. 13. Diagram Showing How Sound in One Room is Absorbed and Transmitted 
to Another 

the room opposite the source. These vibrations, while very small, averaging 
about H 500 in in amplitude, are yet sufficient to create audible sounds. It 
should be remembered that a vibratory motion of air particles of about H 50 
in corresponds to the passage of a loud sound. 

(3) Sound waves can go directly through the partition as an elastic-wave 
motion in which the pressures and rarefactions are transmitted from particle 
to particle in the partition and are communicated to the air on the farther 
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side. But the amount of sound thus transmitted through plaster partitions 
is very small, since more than 95% of the incident sound is reflected, and only 
a small fraction remains for possible transmission. 

Experience shows that the transmission of sound is greatest tlirough air 
passages; next in importance comes the vibration of the partition, while least 
of all is the transmission by elastic waves in the solid material in the partition. 
A continuous partition, with no cracks or openings, that is hea/y and stiff, 
offers the best possibility of stopping sound. In building-constructions, 
however, it is desired that partitions be light in weight, easily ccnstructcd and 
cheap; so that the question arises as to how far one can depart from heavy, 
stiff constructions, and still get adequate soundproofing. 

Musical sounds arc more difficult to insulate than speech sounds. The 
tones of music are usually prolonged somewhat, which gives time to set up 
vibrations of walls and floors. Radio music has introduced a difficult prob¬ 
lem of sound insulation in modern dwellings. If neighboring apartments 
are to be free from disturbing sounds, either the radio must be operated softly, 
or else the floors and walls must be made more robust. , 

Loudness of Sounds. To understand the experimental values obtained 
for different types of partitions, it is first desirable to explain the loudness of 
sound as perceived by people The ear is very sensitive to faint sounds, but 
is equipped with a protective mechanism that makes it more and more insen¬ 
sitive as the sound gets louder. In other words, the ear responds to the 
logarithm of the intensity rather than the intensity. For example while 100 
violins would be 10 times as intense as 10 violins, they would sound only 
twice as loud (log 100 = 2, log 10 = 1). 

The loudness values are expressed by acoustical engineers as decibels 
(abbreviated to db), which are obtained by multiplying the logarithm of the 
intensity by 10. Thus a standard sound, 1 000 000 times as intense as a 
sound barely audible, would have a loudness of 60 decibels (10 X log 1 000 000 
= 60 db). 

A scale of loudness is shown in Fig. 13, which gives the values of some 
usual sounds in terms of decibels. The zero of this scale is the loudness of 
sound that is barely perceptible; ordinary conversation between persons 
about 3 ft distance from each other varies from 35 to 65 db, an airplane has 
the loud sound of about 95 db, while a sound of 108 db is the loudest that the 
car can stand without pain. This scale is based on an average complex sound 
given by the Western Electric 3A audiometer. For sounds of very low or 
very high pitch, the scale would not be applicable 

Experiments on Transmission of Sound through Partitions. Experi¬ 
mentally, in determining the transmission efficiency, the procedure is to 
measure the intensity V of the incident sound in front of the partition and 
also the intensity J" on the farther side after the sound is transmitted. Re¬ 
sults are expressed either as the reduction factor, l'/I", or as the logarithm 
of V/Y f . To be effective, a partition should reduce the intensity at least 
1 000 fold, so that an incident sound of intensity /' = 1 000 000 should be 
reduced to I" = 1 000, after transmission. The logarithm /'//" is thus 3, 
or 30 decibels reduction. Referring to Fig. 14, this would mean that a sound 
of 60 decibels would be reduced to 30 db, or 50 decibels to 20, etc. 

Transmission of Sound by Floors. It appears that sound is more easily 
transferred through floors than through partitions. This is due to actual 
contact of sound-producing bodies with the floor, such as pianos, radios, 
persons walking, etc. Tapping a wall or floor with a solid object will produce 
a sound that is easily heard in the room below, while talking or clapping one’s 
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hands generates a sound in air that has greater difficulty in penetrating the 
wall or floor. For this reason, it is desirable that the floor be made of more 
robust construction than walls, and fortunately this is usually the case, because 
the floor must be built strong enough to carry the weight put upon it. 

In this connection, it is interesting to note that in buildings constructed of 
concrete and masonry, the floors are strong and heavy, while the partitions 
which are carried by the floors are as light in weight as possible. For this 
reason, the problem of soundproofing in such a building is more concerned 


Threshold of Feeling 
vrn db 


•100 

- Noise In airplane. 
■90 


80 Noise in N.Y. subway 


70 Noise in stenographic* room 
Noise riding in train 
GO Noise on average busy street 


Range of speech 
as usually heard 
in conversation 


SO 


Soft radio music, in apartment 


SO 


20 Average whisper 1 4 ft. awa^ 


10 Rustle of leaves, in gentle breeze 


_|0 .... 

Threshold of Audibility 

Fig. 14. A Scale of Loudness (Waterfall) 

with the partitions than with the floor. With buildings constructed of wood 
the opposite is true, for in this case the partitions carry the floors, and there 
is more trouble with transmission through floors than through partitions. 

Numerical Example of Transmission of Sound. The effectiveness of a 
partition in reducing sound may be expressed in terms of the loudness scale. 
Suppose that conversation of 60 db loudness takes place in a room. The 
absorption of the walls and furnishings may reduce this 5 db to 55 db. In 
passing through an effective partition, the loudness may be reduced, say, 
30 db. to the value 25 db. The absorption of the second room will further 
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reduce the sound 5 db to a final value of 20 db, which is so weak that it is 
scarcely noticed. If, however, the original sound was due to a loud radio 
of say 80 db, the reduction by the rooms and the partition would be the same 
number of db as before (5 + 30 + 5 =» 40), but the residual loudness would 
now be 40 db, which would be objectionable. 

The quieting effect of materials on the walls of a room is given in an inter¬ 
esting experiment by Chrisler.* “A practical demonstration of the above 
statement was made by lining a large box with highly absorbing material. 
The average reduction factor of this box was slightly under 40 sensation 
units. The box was placed in a very reverberant room. A person inside the 
box could understand everything said by a person outside, while the person 
outside was unable to understand a single word that was spoken by the 
person inside unless he raised his voice. The reason for this was that the 
absorbing material in the box lowered the intensity of sound originating 
within to such an extent that it was no longer sufficient to carry through and 
be audible after transmission.” 

This example shows that the reduction of sound depends on the absorption 
of the walls, as well as on the effectiveness of the partition. Davis f has 
k\V 

given a formula: V’/V = -where k is the transmission per sq ft of the 

partition; W, the area of the partition; and ai$i, the absorption of the room 
into which the sound is transmitted. Numerical data obtained by different 
laboratories for I'{I" for the same type of partition do not agree, probably 
because the areas of the partitions and the absorption of the receiving-rooms 
are different. The value of k , however, should have the same value for any 
condition of test. 

Experimental Values of Sound Reduction by Partitions. A great amount 
of data on sound reduction by partitions has been obtained in different labor¬ 
atories, but the values of log I'(I" do not always agree, as just explained. 
For example, in the following results for wood-stud partitions, the values 
obtained by the Bureau of Standards with a reverberant receiving-room are 
about double the Riverbank values where the receiving-room was quite dead 
acoustically. 


Table II. Reduction of Sound by Wood-Stud Partitions * 


Lath 

Plaster 

Coats 

Lb per 
sq ft 

10 X log reduction factor 

Riverbank 

Bur. 

standards 

Metal 

Gypsum 

S & B 

m 

warn 

53 7 

Wood 

Gypsum 

S & B 

BXH 

Kftfl 

ry 

Wood 

Gypsum 

S, B, P 

i *£9 

BUS 

BB 

Wood 

Lime 

S, B 


35.4 


Wood 

Lime 

S, B, P 

18.0 

35.2 

60.8 


* P. E. Sabine, Amer. Arch't., August 5, 1926. 


Riverbank values are averages for 17 tones from 128 to 4 096 vibrations 

* Bureau of Standards, Research Paper No. 48. 
t Philosophical Magazine, Vol. 50, page 75, 1925; Vol 2, page 543, 1926 
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per second. Bureau of Standards values are averages for four frequency 
bands, 250 to 3 470 vibrations per second. 

Some conclusions drawn (P. E. Sabine) are: 

There is no important difference in the sound insulation afforded by 
gypsum plaster laid on metal lath and the same material laid on wood lath; 

Compared with similar tests on masonry partitions, the wood-stud construc¬ 
tion gives the same sound reduction as an all-masonry wall of equal weight; 

Oral tests showed that speech of conversational loudness could be heard and 
understood easily through all these partitions. 

Sound transmission measurements were taken by Wallace Waterfall * on 
actual partitions in apartments, as well as on the same types of construction 
in the laboratory. Measurements were taken by the ear and also by instru¬ 
ments. The following table gives one set of results obtained for wood-stud 
partitions showing the relative values obtained by three methods: reverbera¬ 
tion (ear), audiometric (ear), and instrumental. 


Reduction of Sound by Wood-Stud Partitions (Waterfall) 


Method 

Pitch of sound 

256 

512 

1024 

2048 

Average 

Reverberation (P. E Sabine) 

22 6 

34 

40 8 

36 6 

33 5 

Audiumetric (ear) 

29 

34 

37 

42 

36 

Instrumental * 

29 

30 

36 

43 

35 


* In this method, the sound was “wavered” on either side of the pitch indicated. 
The agreement of the average values is gratifying. 


The following table f gives data on plaster partitions, for range of pitch 
128 to 4 096 vibrations per second. The partitions were 8 ft 2 in by 6 ft 2 in 


Table III. Sound Reduction for Plaster Partitions (P. E. Sabine) 


Partition 

Lb per sq ft 

10 X Av. 
l>g I'/I" 

2-in Gypsum tile, unplastcred . 

10 4 

23 6 

3-in Hollow tile, unplastcred . 

11 l 

24 2 

lV6-in Plaster on metal lath. 

13 9 

25 3 

3-in Solid gypsum tile, unplastered ... 

14 2 

26.7 

2-in Solid gypsum and lM-m plaster. 

15 0 

27 2 

4-in Hollow clay tile, unplastered.. 

17 0 

28 3 

2-m Gypsum and 1-in plaster. 

19 6 

29 5 

2-in Gypsum and lj<f-ir> plaster.... ... 

21 4 

30 5 

4-m Clay tile and J^-in plaster. ... 

22 0 

30.7 

2> 2 -m Plaster on metal lath .. 

23 2 

32 4 

3-in Solid gypsum and IJ^-in plaster 

25 4 

32 8 

4-in Hollow clay tile and 1-in plaster .. 

27 0 

33 6 

4-in Hollow clay tile and 1^-in plaster 

28 8 

34 0 

3V$-m Plaster on metal lath. 

32.5 

36.0 

4^-in Plaster on metal lath. 

41.8 

38.2 


• Journal of Acoustical Society, Jan., 1930. 
t P. E. Sabine. Amer. Arch't, July 4, 1923. 
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in area, built in between two entirely separate rooms. It is to be noted that 
the reduction of sound (10 log I'll") is proportional to the weight of the par¬ 
tition per sq ft, the heavier partitions thus stopping more sound. 

Experimental Work at Bureau of Standards. The transmission of sound 
cnrough a large number of structures has been measured.* The lightest 
material tested was wrapping paper, while the heaviest structure was a com¬ 
bination tile floor with a cinder fill and concrete finish, weighing 109 lb to the 
square foot. For structures that are approximately homogeneous, such as 
masonry partitions the log I'll" is proportional to the logarithm of the weight 
per unit area. This conclusion, which was also found by P. E. Sabine, means 
that the sound reduction is more effective with the heavier partitions. 

The following table gives some of the results obtained in the investigation 
just mentioned. (Original paper should be consulted for details.) 


Table IV. Sound Reduction by Walls and Floors 
(Chrisler & Snyder) 


Material 

Lb per sq ft 

10 X Av. 
log I'll" 

Hollow clay tile, 3 in thick, plastered both sides 

28 

44 4 

Hollow clay tile, 4 in thick, plastered both sides 

29 

43 5 

Hollow ciay tile, 6 m thick, plastered both sides 

37 

44.6 

Hollow clay tile, 8 in thick, plastered both sides 

48 

49.8 

Hollow clay tile, double 3 in partition, l a 4 m air 



space containing 1 in Flaxlinum. 

50 

59.2 

Bnck panel, 8 in thick, plastered both sides . 

97 

56 7 

Single sheet of galvanized iron, 0 03 in thick 

1.2 

28 3 

Single sheet plate glass, m thick .... 

3.5 

| 

32.7 


Practical Results Obtained by Various Partitions. As already explained, 
the numerical results for log I'll" obtained by different laboratories do not 
agree. Some comparison of results is obtained by the following explanations. 

At the Bureau of Standards, the data are classified in four groups, as follows: 

*« Panels Whose Reduction Factors are Over 60 Sensation Units. Conver¬ 
sation carried on in an ordinary tone of voice is reduced to inaudibility. If 
there is external noise in the listening-room, a shout on the other side of the 
panel would be practically unnoticeable. 

“ Panels Whose Reduction Factors Lie between 50 and 60 Sensation 
Units. Conversation in ordinary tones heard through the panel is barely 
audible but unintelligible. 

“ Panels Whose Reduction Factors Lie between 40 and 50 Sensation 
Units. Conversation in ordinary tones heard through the panel is quite 
audible but difficult to understand. If the voice is raised, it becomes 
intelligible. 

“ Panels Whose Reduction Factors Are Less Than 40 Sensation Units. 
Conversation in ordinary tones heard through the panel is distinctly audible 
and intelligible.” 

At Riverbank Laboratories, P. E. Sabine states (see Table III) “speech 
of conversational loudness could be heard and understood easily through all 
these partitions.” The partitions were wood-stud with sound reduction of 
27 to 35 sensation units (decibels). 

• V. L. Chrisler and W. F. Snyder. Research Paper No. 48. 
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Waterfall * gives the following observations: 

“With an average reduction factor of 25 db, normal speech can be under¬ 
stood quite easily and distinctly through the partition. 

“ With an average reduction factor of 30 db, loud speech can be understood 
fairly well if conditions are quiet. 

“With an average reduction factor of 35 db, loud speech is audible, but not 
easily intelligible under quiet conditions. 

“With an average reduction factor of 40 db normal speech is not audible, 
loud speech can be faintly heard, but not easily understood, and for all prac¬ 
tical purposes the partition can be considered as ‘sound proof/ Separating 
partitions between apartments should have a factor of about 40. 

“For piano-rooms, organ-rooms, etc., a better partition is sometimes 
needed. Higher factors than 40 are desirable for such cases.” 

Acoustic Control of Ventilation System. One of the greatest sources of 
acoustic trouble in buildings is the ventilating system. Sound travels easily 
from room to room through these “speaking tubes.” An effective means of 
reducing this transfer of sound is to use small, individual pipes that extend 
from the supply chamber to each room without the usual large main duct. 
Large pipes can be padded on the inside to reduce sound. Baffles of sound¬ 
absorbing material help. A mushroom cap over open ends of pipes in attics 
has proved beneficial. Low-velocity fans, with balanced motors, create less 
disturbing noises than small high-velocity machines. 

Vibrations in Buildings. Vibrations may be set up in the building itself 
by motors, elevators, etc., or they may be originated outside by street-cars, 
trucks, and trains. Such vibrations are likely to disturb occupants in buildings 
because of mechanical vibration of the floors, or by the annoying sounds set 
up by vibrating partitions, by rattling windows and other loose constructions. 

These vibrations will be minimized in buildings that are massive in con¬ 
struction. It is helpful to have balanced motors and other quiet-running 
machinery. Padding placed under machines is helpful, but the vibrations are 
complex so that successful results are not always obtained. 


References for Further Reading 
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Speech and Hearing, Harvey Fletcher. 
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CHAPTER XXXVI 

ARCHITECTURAL SHADES AND SHADOWS 

By 

GEORGE W. BAUMEISTER 

ASSISTANT PROFESSOR OF GRAPHICS, SCHOOL OF FINE ARTS, 
UNIVERSITY OF PENNSYLVANIA 

1. Relation to Architectural Drafting 

Relation to Architectural Drafting. The science of all drafting is called 
descriptive geometry. It has sometimes been called the grammatical con¬ 
struction of the language of graphics. All the real progress in the growth 
of that language began with the formulation of this science about the begin¬ 
ning of the nineteenth century. The function of descriptive geometry, as 
its name implies, is to describe (in the language of graphics) geometric forms 
in space. Applied to architecture, its general function is to describe, upon a 
plane surface, the three dimensions of buildings, their details and entourages. 
In this application it is called architectural drafting. 

Architectural Drafting. To 

accomplish its purpose, archi¬ 
tectural drafting resorts 
to either of two conventions, 
called projections, wherein, 
imaginary projecting lines, 
called visual rays, are con¬ 
ceived as drawn from the lines 
of the object in space to imag¬ 
inary receiving planes, and 
the resulting image is drawn 
on paper. 

These two systems of pro¬ 
jections, employed in archi¬ 
tectural drafting, are in their 
chronological order: 

(1) conic projection, or 
perspective drawing (Fig. 
1). (Isometric, oblique and 
cabinet drawing, etc., are 
modifications of perspective 
drawing which find but little 
use in architectural drafting.) 

(2) ortiio-graphic pro¬ 
jection, commonly called mechanical drawing (Fig. 2). 

A brief description of these two systems will help to explain the statement 
of the function and importance of each. They differ only in the assumed 
location of the observer’s eye, from which point the imaginary projecting 
lines, or visual rays, are conceived to be drawn. 
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Conic projection or perspective drawing, although conventional drafting, 
makes some concessions to the natural laws of vision. The image-receiving 
plane is conceived to be a single plane (the picture plane), and the observer’s 
eye to be located at a reasonable finite distance (Fig. 3). The projecting 
lines (or visual rays) then converge to a point (the observer’s eye). When 
the resulting picture plane projection is drawn, it is called a perspective draw¬ 
ing (Fig. 1). Man’s very first attempts to draw were efforts at natural repre¬ 
sentation, i.e., perspective drawing. 

Ortho-graphic projection, on the other hand, is the extreme of conventional 
drafting. The interesting thing is, that perspective should have developed 
so far before this system originated. In this system the image-receiving 
planes are conceived to be the three planes of projection, called the coordi¬ 
nate planes, vertical, horizontal and profile, in a tri-rectangular relation, 
and the observer’s eye to be located at an infinite distance. The projecting 
lines, or visual rays, to each coordinate plane, are parallel to each other and 



Fig. 3. Perspecti e or Conic Projection Fig. 4. Ortho-graphic Projection 


perpendicular to their particular plane of projection (Fig. 4). When the 
resulting vertical or V, horizontal or II, and profile or P projections are drawn 
upon a plane surface, they are called, respectively, elevation, plan, and side- 
view or section (Fig. 2). The terms V projection and elevation, II projec¬ 
tion and plan, P projection and side view, are therefore used interchangeably. 

Working Drawings and Rendered Drawings. Generally speaking, in the 
architectural drafting of today, these plans, elevations and perspectives may 
be divided into working drawings and rendered drawings. 

Working drawings can be dismissed from our consideration here, for no 
matter how intricate the working drawing may become, it has but one supreme 
function, that is, to convey information. It must always remain the extreme 
of careful, conventional drafting for two reasons: (1) to eliminate the least 
possibility of misinterpretation, and (2) to have the effect of inspiring neat 
and careful results in wotk done under its guidance. 

Rendered drawings, on the contrary, are intended to convey both informa¬ 
tion and an impression, and may vary, according to their exact purpose, all 
the way from simple washes applied to conventional plans and elevations, to 
the less conventional but more elaborate presentation of a rendered perspec¬ 
tive. Indeed, because linear perspective is already a concession to the natural 
laws of vision, its rendering, in its tendency toward natural representation, 
may very easily overstep the bounds of conventional architectural drawing. 
It then becomes a picture instead of a drawing, for its main purpose is to 
convey an impression rather than to convey information. Aside from the 
technique, the difference between painting a picture and making a drawing 
is extremely fundamental. In painting a picture the artist hopes to express 
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and convey a definite mood, such as awe inspired by the grandeur and majesty 
of a storm, or serenity created by the peace knd beauty of a rural scene. In 
his picture he is not so much concerned with the outline of a wave or of a tree, 
or even with the reproduction of what are regarded as exact natural colors. 
But he is interested with imparting to the beholder the mood which has been 
created within himself. The degree of success which he attains in this pur¬ 
pose is alone the measure of the artist’s ability. A draftsman may be skilled 
in the technique of pencil and brush and yet lack this final requirement to 
be an artist. 

The Function of Shades and Shadows in Rendered Drawings. However, 
regardless of how much rendering is applied to architectural plans and eleva¬ 
tions to express plane values, textures, colors, etc., they must remain, in their 
nature, descriptive, conventional drawings conveying accurate information. 
That is, they must remain the linear drawings of either ortho-graphic or per¬ 
spective projection, and when, for 
instance (Fig. 5), in rendering the 
elevation of a building, the projec¬ 
tions of the shade and shadow sur¬ 
faces of the various architectural 
features are added, their purpose is 
not primarily to make a picture, but 
to express the facade’s third dimen¬ 
sion. If these shade and shadow 
surfaces are to fulfil this primary 
purpose, their outlines must be obtained according to certain fixed rules and 
conventions, so that their graphic language may also have constant signifi¬ 
cance and be universally understood. These fixed rules and conventions con¬ 
stitute the SCIENCE OF SHADES AND SHADOWS. 

2 . Character and Scope 

Character and Scope. The science of shades and shadows, as employed by 
geometricianis, may be said to have two principal purposes: (1) to furnish 
exercise in developing the mental ability to completely visualize and realize 
geometric description (sizes, shapes and relative positions) of geometric sur¬ 
faces in space; (2) to express this mental concept in graphics, by devising 
means of determining, both accurately and quickly, the outlines of the con¬ 
ventional light, shade and shadow parts of surfaces. 

This abstract study of the theory of the science of shades and shadows, a9 
an application of descriptive geometry, is admittedly of greatest fundamental 
importance to the architectural student, as elementary training in the cre¬ 
ative processes of the mind. To be of practical value to him, however, the 
concrete result of such a study must be the acquisition of a vocabulary of pro¬ 
jections of shade lines and shadow lines of constantly recurring architectural 
forms. Complete understanding of the derivation of this vocabulary assures 
its intelligent use, and both the rendering and the reading of architectural 
plans and elevations are greatly facilitated. The development of this vocabu¬ 
lary is really the distinguishing characteristic of that application of the science 
of shades and shadows which is called architectural shades and shadows. 

The Art of Rendering Architectural Shades and Shadows. In conven¬ 
tional architectural drafting the science of determining architectural shades 
and shadows is so closely associated with the art of rendering architectural 
shades and shadows that they are very frequently confused. At this point 
therefore, it is important that their fundamental difference be clearly under- 
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stood. The division, by lines, of all surfaces into their light, shade and shadow 
parts, according to certain conventions, is a matter of mathematical precision. 
The science, the function of which is to devise the processes for determining 
these lines is called the science of shades and shadows. It is an application 
of descriptive geometry. The realistic modeling of these separate light, 
shade and shadow parts of surfaces (with their outlines thus carefully deter¬ 
mined) to resemble natural light effects is a function of the art of architec¬ 
tural rendering. No matter how realistic this rendering may become, the 
original lines of demarcation between the light, shade and shadow parts must 
be maintained as long as the subject is a conventional drawing and not a 
picture. 





Plan 

Fig. 8. Cylinder and Hemisphere 




Section Elevation 


Fig, 7a. Half Round or Bead Molding 



Natural Shades and Shadows. In nature, a surface becomes visible only 
when rays of light reflect from it to an observer's eye. Thus it is reflected 
light which reveals the sizes, shapes and locations of surfaces in space. Hence, 
any surface exposed to light immediately becomes another source of light. 
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This reflected light, although less intense than the original direct light (on 
account of the absorption and refraction of some rays for color, etc.), is mislead* 
ing and tends to render the perception of the true sizes, shapes and relative 
positions of adjacent surfaces difficult and sometimes even impossible. Sur¬ 
faces, in nature, are classified as (1) high lights, (2) lights, (3) shades and 
(4) shadows, with all the intermediate gradations which only the human visual 
mechanism can detect and register. In an effort to express in drawings only 
the true size and relative positions of adjacent surfaces, and that as emphatic¬ 
ally as possible, conventional shades and shadows are employed. 



Conventional Shades and Shadows. The shades and shadows which are 
supposed to result when objects are conceived as being exposed to an assumed 
direct light, which is in a certain fixed position, are called conventional 
shades and shadows. The amount and direction of the light are then assumed 
to be constant. The light in conventional shades and shadows is assumed 
to have but one direct source, i.e., the sun, located at infinite distance, so that 
the rays may be taken as parallel to each other. It is assumed to be of con¬ 
stant intensity and location, and arbitrarily divides all surfaces, regardless of 
their geometrical description, into light, shade or shadow surfaces, recog¬ 
nizing no intermediate gradations. 
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Light, Shade and Shadow Surfaces. Light, shade and shadow being attri¬ 
butes of geometric surfaces when exposed to light, an understanding of the 
fundamental principles of geometry is essential. It must be remembered at 
the outset that the points, lines, surfaces and solids of plane and solid geome¬ 
try are purely ideal. A solid in common language is something real, i.e., a 
limited portion of space filled with matter; but a geometrical solid is purely 
an ideal, i.e., a limited portion of space which may be occupied by a physical 
body, or marked out in some other way. The surface of a solid is simply the 
boundary of the solid, i.e., that which separates it from surrounding space. 
The surface is no part of a solid, and has but two dimensions, length and 
breadth, but no thickness. 

Although the general science of shades and shadows considers every con¬ 
ceivable solid of pure geometry, its limited application to architecture must 
of necessity be restricted to consideration of the simple geometric solids which 
represent an analysis of architectural detail. 

Tabulation. The geometrical forms to which constantly recurring archi¬ 
tectural detail (both casting and receiving shadows) can be reduced, by con¬ 
vention, are tabulated in the table and illuminated in Figs. 6 , 7, 7a, 8, 9, 9a, 
10, 10a, 10b, 10c, 10d, and 11. 



Kind of solid 

Kind of surface 

Examples of occurrence 
in architecture 

1 

Prism 

Plane 

Plane wall buildings (Fig 6) 

2 

Pyramid 

Plane 

Plane roofs (Fig 6) 

3 

Convex right circu¬ 
lar cylinder 

Convex single curved 

Column shafts, towers, 
moldings etc. (Figs 7, 7\ 
and 9) 

4 

Convex right circu¬ 
lar cone 

Convex single curved 

Conical roofs (Fig. 7) 

5 

Sphere 

Convex double curved 

Domes, balls, etc. (Fig 8) 

6 

Torus 

Convex double curved 

Moldings such as column 
bases (Figs. 9 and 9 a) 

7 

Hollow right circu¬ 
lar cylinder 

Concave single curved 

Niches, moldings, etc.(Figs. 
10 and 10 a) 

8 

Hollow right circu¬ 
lar cone 

Concave single curved 

Moldings and ornament 
(Kig. 11) 

9 

Hollow hemisphere 

Concave double curved 

Moldings and ornament 
(Figs 10 and 10 b) 


Hollow scotia 

Concave double curved 

Moldings and ornament 

(Fig, 10 d) 


Hollow torus 

Concave double curved 

Moldings and ornament 
(Fig. 10c) 


Scotia 

Concave double curved 

Moldings such as column 
bases (Fig. 9) 













Elevation 



Plan 

Fig. 11. Hollow Cone 
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3. Conventions 

Conventions. It has been shown that the science of shades and shadows 
ignores completely the geometrical classifications of surfaces and recognizes 
but three classes of surfaces: (1) light, (2) shade and (3) shadow (Fig. 14). 

In the study of light, shade and shadow surfaces, with reference to their 
cause, the one outstanding fact of importance to remember is that light 
must travel in A straight line. Then, however light or dark a surface 
may appear depends upon its inclination toward the light, and reveals its 
size and shape. Its position relative to other surfaces is disclosed by the 
shadows which it receives and casts. Shadows in nature contribute to 
revealing size, shape and position not only of the objects casting the shadows, 
but also of the surfaces receiving the shadows. 

Source of Light. In its effort to express upon architectural drawings only 
the true sizes, shapes and relative positions of surfaces, and that as emphatic¬ 
ally as possible, sh\des and shadows assumes but one source of direct light, 
i e , the sun. This avoids the confusion and difficulties encountered in natural 
vision caused by various other sources of light (reflected, diffused, or artificial). 

Ray of Light. In its effort to standardize the projections of the outlines of 
the light, shade and shadow surfaces, and thus make their language universal, 
the convention of shades and shadows assigns a fixed location to the sun, so 



Fig. 12. Projections of the Conventional Fig. 13. True Angle of the Conven- 
Ray of Light tional Ray of Light 


that the conventional rays of light, besides being assumed parallel to each 
other, arrive at the object in space from a constant direction and at a constant 
angle. The assumed direction and angle of the conventional ray of light 
have so many practical advantages that they are, with rare exceptions, uni¬ 
versally accepted. In architectural shades and shadow's they are practically 
invariable. It is universal to assume the rays of light of conventional shades 
and shadows as parallel lines coming over the left shoulder and sloping down 
toward the right with their projections making 45° with the GL (ground line), 
in other words, parallel to that diagonal of a cube which slopes d-b-r, i.e., 
downward, backward, to the right, when the cube has two faces parallel to 
each of the three coordinate planes (Fig. 12). The actual angle which the 
ray of light makes with any one coordinate plane is of course the angle of the 
diagonal of any cube with its base, 35° 15' 52" (Fig. 13). The practical 
advantage in drafting of having all three projections of the ray of light at 
45° with the GL is self-evident. Other advantages will become immediately 
apparent in the later study of the shadows of certain straight lines and circles 
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4. Definitions and Principles 

Definitions and Principles. Fig. 14 illustrates the principles and terms 
employed in architectural shades and shadows. An object in space, such 
as a sphere, is conceived to be exposed only to the direct light of the sun 
which is assumed in conventional shades and shadows. It is said to cast 
a shadow upon the surface or part of the surface of a second object when the 
first object is so situated as to prevent light rays from reaching the surface 
of the second object The object excluding the light may be entirely external 
(as in this instance), or it may be an attached projection (as a pilaster or a 
cornice) (Fig. 15), but it received the light which the shadow surface other¬ 
wise would receive Depending upon its position relative to the assumed 



light and adjacent surfaces, every surface is distinctly classified as light, shade 
or shadow. 

(1) A light surface is that portion of the surface of a solid which, because 
of its shape and position, is reached by direct light (Fig. 14). 

(2) A shade surface is that portion of the surface of a solid which, because 
of its shape and position, is not reached by direct light (Fig. 14). 

(3) A shadow surface is that portion of the surface of a solid which, although 
faced directly toward the light, receives no direct light because of the inter¬ 
vention of some surface nearer the sun (Fig. 14). (A plane surface to which 
rays of light are exactly tangent is called a surface of light and shade and 
is treated as a shade surface, the theory being that the first line of the surface 
is the only one in a position to receive direct light) (Fig. 16). 

(4) Shade Line. The line dividing the light surface from the shade surface 
upon a plane or convex curved surface solid is called its shade line. Obviously 
it is formed by adjacent points of tangency of successive rays of light (Fig. 14). 
The shade line of a concave surface is called a false shade line, bccauss 
although it is formed by tangent rays of light it does not cast shadows. It 
divides shade from shadow (Fig. 17). 
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Definitions and Principles 

(5) Invisible Shadow. The rays of light coming from the sun are tangent 
to the object along its shade line. They continue on beyond the object, 
forming the surface of a geometric solid or invisible shadow (an absence of 
light in space) (Fig. 14). 

(6) Shadow Line and Visible Shadow. When this geometric solid of 
invisible shadow with its surface composed of light rays, reaches the next 




Fig. 15. Shadows Cast by Projecting Fig. 16. A Surface of “Light and 
Parts Shade” 

material surface, the outline of their intersection is called the shadow line 
and the intersection is called a cast visible shadow (Fig. 14). 

Distinction between Actual Shade and Shadow Lines in Space and Their 
Geometric Projections upon Architectural Drawings. Although we almost 
invariably, in practice, use the terms shade line and shadow line to describe 
them, actually, in theory, it is the geo¬ 
metric projection of the shade line or of 
the shadow line which is shown upon 
architectural plans and elevations. This 
is the same thing only when they lie in 
plane surfaces identical with the coordi¬ 
nate planes of projection. Otherwise it 
must be constantly remembered that, 
whereas the shade and shadow surfaces 
are actually part of obiects in space, the 
shade and shadow lines are parts of the 
projected drawing. To illustrate, a shadow 
line may be an ellipse in space but a circle 
in projection (see Figs. 36 and 37), or it 
may be a broken line in space and pro¬ 
jected as a straight line (Figs. 32-33-34- 
35). Similarly, a shade line may be a 
circle in space but an ellipse in projection (as the shade line of a sphere, Fig. 
14). When the architectural drawings are geometrical plans and elevations, 
it is, of course, the geometric projections of the outlines of the light, shade 
and shadows surfaces which we want. When these surfaces, so outlined, are 
rendered, they express a third dimension upon an otherwise two-dimensiona/ 
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drawing. Therefore, since the information which they convey is definite, 
it is extremely important that they be both accurately found, and clearly and 
accurately drawn. There can be no compromise; they must be correct. 
The correct outlines of the shade surfaces (in projection), and the correct 
outlines of the shadow surfaces (in projection), are just as vital to a rendered 
architectural drawing as the correct outlines of the geometric surfaces (in pro¬ 
jection). They are, in fact, integral lines in the drawing. If the architec¬ 
tural drawing is a perspective, the shade lines and shadow lines are drawn 
in perspective just as any other line of the drawing. 

Fundamental Principles. From the above explanations and definitions, 
and study of Fig. 14, it is extremely important to realize the following axioms. 
In casting shadows they should continually be borne in mind, as they are the 
very fundamental principles. 

(1) The shade line is determined by tangent rays of light; and the 
shadow line is determined by incident rays of light. 

(2) The shadow line of any object whatever upon any surface is the 
shadow of its shade line. 

(3) Shadows always fall upon surfaces faced toward the sun, i e., light 
surfaces. 

(4) Surfaces which are turned away from the sun are shade surfaces and 
incapable of receiving shadow. 

(5) Any surface or portion of a surface already in shade or shadow cannot 
cast shadow because of the absence of light. 

(6) For any surface in light there is a shadow. 

(7) The shape of the visible shadow which is cast by any object in space 
upon any surface depends upon three factors alone, as follows: (a) the shape 
of the surface of the object which is casting the shadow; (&) the shape of the 
surface of the object receiving the shadow; (c) the relation of both these 
surfaces to the direction of the assumed source of light. 

5. Theory of Casting Shadows 

Theory of Casting Shadows. In attempting to cast architectural shades 
and shadows it must, above all, be clearly understood that the shadow line 
of any solid, whether its surface be plane or curved, is actually nothing more 
than the shadow of a certain line in that surface, i.e., its shade line (Fig. 14). 
Then it can readily be seen that the work of finding the shadow of any solid 
is equivalent to finding the shadow of a certain limited portion of its surface. 
The shadow line of a surface or part of a surface is obviously the shadow of 
its boundary line, but the shadow of any line is only the shadows of the points 
in that line. Therefore, in the final analysis, the important fundamental 
step to which all shadow-casting is finally reduced is finding the shadows 
OP points. Equipped with the knowledge of how to find the shadow of any 
point upon any surface, one is prepared to cast the shadow of any line upon 
any surface, and finally therefore of any surface upon any other surface. 

Methods of Casting Shadows. The shadow of a point upon any surface 
whatever is never anything but the point where a ray of light drawn through 
that point in space pierces the surface whereon the shadow falls (Fig. 18). 
There are but two methods of finding the shadows of points (and hence of 
lines and surfaces): first, the method of oblique projection and second, the 
slicing method. 

When the surface receiving the shadow is of such kind and position that 
it can be projected as line, i.e., plane or single curved and perpendicular to 
V, H or P, then the method is an elementary problem in descriptive geom- 
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etry. It is called the method of oblique projection, and it never varies. 
When, however, the plane or single curved surface receiving the shadow ia 
oblique and cannot be projected as a line in V, H or P, or is a double curved 
surface which can never be projected as a line, then the slicing method must 
be used. 

To Find the Shadow of a Point by Oblique Projection. This method 

consists simply of passing an oblique line through the point, parallel to the 
conventional ray of light, and the point where this line strikes the intercepting 



or receiving surface is the visible shadow of the point (Fig. 18). The part 
of the line between the point in space and its visible shadow is called its 
invisible shadow. The line which is the projection of the shadow receiving 
surface becomes the ground line (GL) for the shadows. 

Geometric Demonstration. Definition. The shadow of a point is the 
trace of a ray of light drawn through that point. 

The simplest illustration of this method of finding the shadow of any point 
upon any surface is found in the shadow of a given point upon either the 



V or H coordinate planes, while using these two projections to obtain the 
shadow. 

Assume a point a , located by its projections, a h and a v and aP to be 1 in 
from V and in from //. 

Being nearer to V than //, its shadow will fall upon the vertical coordinate, 
and either the P and V (Fig. 19), or II and V projections (Fig. 20), could be 
used to obtain the shadow. For this demonstration the U and V projections 
are used (Fig. 20). 

Draw the ray R through the point. R v will pass through the V projection 
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of the point. R* will pass through the B projection of the point. R p will 
pass through the P projection of the point (Fig. 21). 

(1) The shadow, being a point in V, has its H projection in the ground line, 
(the GL is the H projection of every point in V ). 

(2) The E projection of the shadow point must also be in R h . (By defini¬ 
tion, the shadow point is a point in the ray of light; therefore, its H projec¬ 
tion s h must be in R h ). 

(3) The H projection of the shadow point must lie at the intersection of 
GL and R h . (Since a point which is common to two lines can only be their 
intersection) 

(4) The V projection s 9 of the shadow point must lie in a perpendicular to 
the GL at s h . (The two projections of any point lie in the same line perpen¬ 
dicular to the GL) 

(5) The V projection of the shadow point must lie in R v . (Reason similar 
to (2) above.) 

(6) Therefore, the V projection of the shadow point must lie at the inter¬ 
section of the perpendicular to the GL at s h and R v . (Reason same as (3) 
above) 

Now a point in a plane is its own projection in the plane, and s v is the 
shadow of the point a. 

Although the above demonstration of the finding of the shadow of a point 
upon a coordinate plane presents the simplest illustration of the method of 
oblique projection, the procedure for the shadow of any point in space upon 
any surface, where this method applies, is exactly the same. 

To Find the Shadow of a Point by 
Slicing (Fig. 22). This method is 
quite simple, and is sufficiently 
explained by the diagram. The line, 
which is a circle, forming the top 
edge of the scotia, casts a shadow 
upon the surface of the scotia. The 
shadows of six points are found in 
order to plot the shadow line. The 
method is as follows: (a) Cut the 
line casting the shadow and the 
surface receiving the shadow with 
vertical planes of light. (A plane 
which is assumed to be made up 
entirely of rays of light is called a 
plane of light.) 

(b) Draw rays of light from the 
points, 1, 2, 3, 4, 5 and 6, which are 
cut on the line casting the shadow 
until they strike the slices made 
upon the surface of the scotia by the 
auxiliary planes. These are the 
shadow points of points 1, 2, 3, 4, 5 
and 6. The curved line which joins them is the shadow line. 

The slices are the traces of planes of light upon the surface of the scotia, 
and the shadow points are traces of rays of light in those planes, because a 
line lying in a plane has its traces in the traces of that plane. 

The Shadow of a Line. Since a line is mathematically defined as the path 
ef a point in motion, it follows that to find the shadow of any line upon any 



Kg. 22. The Slicing Method of Finding 
the Shadows of Points 
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surface implies simply the finding of the shadows of a sufficient number of 
successive positions of the point to plot the shadow of the line. In other 
words, find either by oblique projection or by slicing the shadows of suf- 
|il ficient points in the line to plot the 

A" J J \iB 1 ; shadow of the line. Obviously the num- 

*1^*0— T her and position of these points would 

{ -TTTKNR* j depend upon, first, the kind of line 

! | ! j | ! casting the shadow, and second, the 

I 1 ! j j |! > s ! kind of surface receiving the shadow. 

! ! j ' ! !! I For example: 



(1) To Find the Shadow of any Straight Line upon Any Plane Surface 
Which Can Be Projected as a Line (Figs. 23 and 24), it is necessary to find 





Fig. 25. The Shadow of a Straight Line Fig. 26. The Shadow of a Curved Line 
upon a Single Curved Surface upon a Plane Surface 


the shadow of two points in the line by oblique projection and join them* 
since it is obvious that the shadow must be a straight line. 
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(2) To Find the Shadow of Any Straight Line upon any Single Curved 
Surface When the Surface Can Be Projected* as a Line (Fig. 25), it is only 
necessary to find the shadow of at least three points by oblique projection 
to obtain the sense of the shadow line. 


(3) To Find the Shadow of Any 



Fig. 27. The Shadow of a Straight 
Line upon a Double Curved Surface 


Curved Line upon Any Plane or Single 
Curved Surface When This Surface Can 
Be Projected as a Line (Fig. 26) would 
also necessitate more than two shadow 
points found by oblique projection. 

(4) To Find the Shadow of Any 
Straight or Curved Line upon Any Double 
Curved Surface or Any Other Surface 
Which Cannot Be Projected as a Line 
(Fig. 27) compels the use of the slicing 
method already described. 

The fundamental thing which under¬ 
lies the finding of the shadow of any 
line upon any surface by any method 
is, in the last analysis, the shadow of a 
point. 


6. Standard Architectural Shadows 

Standard Architectural Shadows. Certain straight lines in certain positions 
relative to the coordinates are constantly recurring as shade lines in archi¬ 
tectural drawings. They occur so frequently and their shadows are so critical 
and expressive that they should be instantly recognized and their shadows 
correctly drawn. The circle, either in whole or in part, also occurs with great 
frequency in the shade lines of solids casting shadows. Like the straight line, 
it is constantly recurring in certain fixed positions relative to the coordinates, 


G 


L G 



Fig. 28 Fig. 29 Fig. 30 

Figs. 28, 29, 30. Projections of Lines, A, B and C, and Their Shadows upon the 
Co-ordinates 




and if these shadows are at instant command the work of casting shadows is 
greatly facilitated. 

The Shadows of Throe Certain Straight Lines. For the purposes of expla¬ 
nation, these lines will be designated as follows: (1) Line A which is perpen¬ 
dicular to V and parallel to U (Fig. 28). (2) Line B which is perpendicular 
to B and parallel to V (Fig. 29). (3) Line C which is parallel to both V and 
E (Fig. 30). 
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Since A and B are, in effect, the same line, what is true of the shadows of A 
upon each of the two coordinate planes is simply reversed for B. However, 
for the sake of absolute clarity, they 
are considered as separate and 
different lines. 

Fig. 31 illustrates the occurrence 
of these lines A, B and C in an archi¬ 
tectural drawing. The shadows of 
these lines, when plotted carefully 
upon a drawing, convey much in¬ 
formation, and are quickly and easily 
found. 

(1) The Shadow of a Line A which 
is Perpendicular to V , and Parallel 
to H (Figs. 28 and 31). As seen in 
V projection, the shadow of this 
line is always a 45° line coincident in 
direction with the ray of light, re¬ 
gardless of what surfaces the shadow 
line crosses. Plan 

Actually, of course, this shadow Fig. 31. Lines A, B and C, as they occur 
line in space takes the contour of in Architectural Drawings 

the surfaces which it crosses (Fig. 

34). But the shadow line is the line of intersection of a plane of light 
through the line A and the shadow receiving surface. Since the line A is 
perpendicular to V , the plane of light through it is also perpendicular to V , 


A v 



Fig. 33 

Figs. 32, 33 and 34. The Shadow of the Line A upon a Flight of Steps 


and any line in it will be projected in V coincidentally with the V projec¬ 
tion of the conventional ray of light. Therefore, in elevation, the shadow 
line appears as an unbroken 45° line d~r (Fig. 32). 

As seen in H projection the shadow of the line A will express the contour 
of the surfaces it crosses (Fig. 33). The line A is parallel to the H coordinate, 
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and in that projection the relation to the coordinate is the same as in the case 
of line C. In Fig. 33 the surface is a flight of steps, and the rise and tread of 
the steps are expressed by the shadow line as exactly as a cross-section would 
show them. 

(2) The Shadow of a Line B which is Perpendicular to H, and Parallel to V 
(Figs. 29 and 31). As seen in II projection, the shadow of this line will be 
a 45° line b-r for the same reasons as the V projection of line A. 

As seen in V projection, the shadow of the line, B> like both A and C, will 
express the exact contour of whatever surface it crosses. 

(3) The Shadow of a Line C, which is Parallel to Both V and H (Figs. 
30 and 31), will express the contour of the surfaces which it crosses, as exactly 
as a cross-section, wiiln seen in either V or II projection. 



Fig. 35. The Shadows of the Lines A and B Express the Contours of the Moldings 

Specific examples of the shadow lines cast by A, B and C are given in Figs. 
31, 35, 36, 37 and 38, which are self-explanatory. 

In Fig. 31 the shadows of the lines B and C in elevation express exactly 
the amount of the projection of the cornice and the bay of which they arc, 
respectively, the shade lines. The length of the shadow of the line A is equal 
to the hypotenuse of a 45° isosecles triangle of arhich line A is one leg. 

Fig. 35 illustrates how the shadows of line A and B may be used to express 
the profiles of moldings. 

Fig. 36 shows the shadow of a line C, parallel to both V and H as it falls 
across the surface of a convex right circular cylinder, whose axis is perpendicu¬ 
lar to H. The shadow which a square abacus casts upon the cylindrical shaft 
of a column is a typical example. The shadow itself in space is actually an 
ellipse, being an oblique section of a right circular cylinder, but it is so projected 
in V as to have equal axes. It is therefore a circle in V projection. The cen- 
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ter of the circle is a distance down upon the axis of the cylinder equal to the 
distance which the line C lies in front of the axis of the cylinder. This is best 
observed in P projection. Fig. 37 is similar to Fig. 36 except that the cylin¬ 
der is now concave instead of convex. The lower half of the circle becomes the 
shadow of line C instead of the upper half, as in the case of the convex cylinder. 



Fig. 36. The Shadow of a Line Which is Parallel to both V and H as it Falls across a 
Convex, Right Circular Cylinder, the Axis of Which is Perpendicular to H 

Fig. 38 illustrates one of the most expressive of shadow lines. The shadow 
of this line B expresses exactly the slope of the roof, whatever it may be. If 
there are changes in the slope of the roof, as in a gambrel roof, this shadow 
will show it. Obviously, the shadow of a chimney will express upon the ele- 



Fig 37. The Shadow of a Line Which is Parallel to both V and U as it Falls across a 
Concave, Right Circular Cylinder, the Axis of Which is Perpendicular to H 


vation of a roof its exact slope so that a careful observer need not refer to any 
other drawing. No shadow better illustrates the importance of accurately 
cast shadows. 
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Fig. 38. The Shadow of a Vertical Line upon a Roof Plane 

The Shadows of Nine Certain Circles. The shadows of nine circles, the 
planes of which lie in certain positions relative to the coordinates, follow: 



Fig. 39. The Shadow of a Circle which is Parallel to B as it Falls upon B 

<1) The Shadow of a Circle upon a Plane to which its Plane ia Parallel 
{Fig. 39). The circle is parallel to H and its shadow falls upon H. The 
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shadow in this instance will be another circle of the same radius. It is only 
necessary to find the shadow 0® of the center 0. It will be noted, that the 
distance 0-0*, along R h is equal to the diagonal of a square of which the dis¬ 
tance O v lies above the GL is a side. 

(2) The Shadow of a Circle, the Plane of Which is Parallel to One Coordi¬ 
nate as it Falls upon the Opposite Coordinate (Fig. 40). The circle is parallel 
to II, and its shadow falls upon V . The shadow, in this instance, will be an 
ellipse, and it is most quickly and accurately plotted by the method of 8 
points and 8 tangents. A square A BCD is circumscribed about the circle 
and its shadow found. The diagonals A* C* and B ® D s are then drawn, 
obtaining the center 0 s , from which points 1*, 3 s , 5 s and 7 s are easily obtained. 
This gives 4 points and 4 tangent lines. The points 2 s , 4®, 6® and 8® are then 



Fig. 40. The Shadow of a Circle Which is Parallel to 77 as it Falls upon V. Shadow 
Found by Method of “8 Points and 8 Tangents” 

found as shown, and tangent lines, parallel to the diagonals .4® C® and B s D *, 
are drawn. No attempt should be made to draw the ellipse until all 8 points 
and 8 tangents are plotted. This shadow can be found without the use of a 
plan, as indicated. With 0® as a center and 0*B* as a radius, locate the point 
M, from which points 2® and 8® are obtainable, etc. 

(3) The Shadow of a Circle which Lies in a Profile Plane as it Falls upon V 
or // (Fig. 41). The shadow, in this instance, is again an ellipse, which is 
also found by circumscribing a square about the circle and using 8 points and 
8 tangents. The method and its short-cut is made sufficiently clear by the 
drawing and reference to the preceding problem. 

(4) The Shadow of a Circle Which Lies in a Plane Parallel to H as it Falls 
upon a Vertical Plane Which is 45° h-i (Fig. 42). In this instance, there is a 
difference between the shadow in spare and its V projection which we obtain 
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Fig. 41. The Shadow of a Circle Which is Parallel to P as it Falls upon V. Shadow 
Found by Method of “8 Points and 8 Tangents” 



Fig. 42. The Shadow of a Circle upon a Vertical Plane (45° B-L) 
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Actually the shadow is an ellipse. But its horizontal axis is so foreshortened 
(in projection) as to make the ellipse appear in V projection as a circle whose 
radius is equal to ]/2 the side of the inscribed square 2-4-6-8. The proof for 
this last statement becomes evident when Fig. 42 is studied. Isosceles tri¬ 
angles O h M -6 and X-Y-Z are equal. From this it can be seen that O h M ■» 
XY - 0*6 S . 

(5) The Shadow of that Great Circle of a Sphere which Lies in a Plane 
Perpendicular to the Ray of Light as it Falls upon Either Coordinate Plane 
(Fig. 43). This circle is at once recognized as the shade line of a sphere (Fig. 
14). Its two projections are ellipses and the shadow is an ellipse. The shade 
line is obtained by a variation of slicing, called the method of symmetry 
for spheres. (See, also, Figs. 67 and 68) Slice the sphere by 5 planes: 


< 

•u 



Fig. 43. “ Shade Line ” Obtained by the Method of " Symmetry for Spheres ” “ Shadow 
Line” Found by Casting the Shadows of 12 Points 

(1) the profile plane P, (2) the horizontal plane A, (3) the vertical plane B, 
(4) the auxiliary plane of light R which is perpendicular to V, (5) the auxiliary 
plane of light 5 which is perpendicular to H. Tangent rays are then drawn 
(in projection) to sections P, A and B and the points, 5 and 11, 1 and 7, 3 and 
9 thus obtained. Tangent rays (revolved), drawn to the sections R and S 
when revolved parallel to H and V, respectively, obtain the points 12 and 6, 
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10 and 4, respectively. These four points are critical points in the shade line, 
inasmuch as 10 is the highest point, 4 the lowest,.12 nearest to V and 6 fur¬ 
thest from V . The other two points 2 and 8 are plotted by symmetry. 

The shadow of the shade line is most quickly found by finding the shadows 
of the twelve points and joining them. 

It will be noticed that the major axis of the ellipse of shade casts the minor 
axis of the ellipse of shadow and is equal to it. The minor axis of the ellipse of 
shade casts the major axis of the ellipse of shadow and is equal to ^ its length. 

The Shadows of Circles upon Surfaces Other than Plane Surfaces. In 
the practical work of casting architectural shadows, it frequently happens 
that we are confronted with the problem of casting the shadow of a circle 
or part of a circle upon surfaces other than plane surfaces (see Fig. 102). 
But almost without exception the problem presented is one which is con¬ 
stantly recurring, and therefore, if once understood, is quickly solved. Exam¬ 
ples of such problems will now be given. 



Fig. 44. The Shadow Cast by a Cylin¬ 
drical Cap upon a Cylindrical Shaft below 



Fig. 45. The Shadow within a Hollow 
Cylinder 


(6) The Shadow of a Circle upon the Surface of a Convex Right Circular 
Cylinder (Fig. 44). This problem occurs with great frequency as the shadow 
of a cylindrical cap overhanging a cylindrical shaft. The method of solution 
has been explained elsewhere. (See Fig. 52.) A projecting band of molding 
upon a cylindrical wall surface would be a typical example. The shadow is 
extremely useful in expressing the curvature of the surface. 

(7) The Shadow of a Circle upon a Concave Right Circular Cylinder (Figs. 
45 and 46). This problem arises in the shadow in a hollow cylinder (Fig. 45), 
and the shadow within a barrel vault (Fig. 46). 

(8) The Shadow of a Circle upon the Surface of a Hollow Cone (Fig. 47), 
Variations of this problem are of frequent occurrence. The solution is similar 
to the first method for the head of a niche (Fig. 49). 

(9) The Shadow of a Circle upon the Surface of a Hollow Hemisphere 
(Fig. 48). The most common occurrence of this shadow is that cast within 
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a spherical-headed niche by the circular rim of the niche. When Figs. 45 
and 48 are combined we have the entire shadow which occurs within a spher- 



Fig. 46. The Shadow within a Barrel 
Vault 



Fig. 47. The Shadow within a Hollow 
Cone 


ical-headed niche. Figs. 49, 50 and 51 illustrate three methods whereby the 
shadow in the head of a niche may be obtained. They are all applications of 



Fig. 48. The Shadow within a Hollow Hemisphere 

principles already understood, and illustrate the ingenuity which can be 
shown in finding shadows. For all shadow points which fall below the spring 
line we have a ground line, and the method of oblique projection will serve. 
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First Method Auxiliary Planes Parallel to the Line Casting the Shadow 

(Fig. 49) shows a method whereby auxiliary vertical planes X, Y and Z are 
used to cut lines x t y and z from the niche. The shadow of the rim upon each 
of these planes is a circle since the rim is a circle parallel to V. The points 
where these circles cut the lines x, y and z are points in the shadow of the rim 



and in the head of the niche since the lines x, y and z are in the head of the 
niche. 

Second and Third Methods: Slicing (Figs. 50 and 51). These are two 
variations of the slicing method, already explained, of finding this shadow. 
In Fig. 50 the rays of light (in projection) are immediately applied to the pro¬ 
jected sections, and shadow points obtained. In Fig. 51 both the slices and 
the ray of light are revolved into the coordinate plane before the shadow points 
are obtained. (See Fig. 48.) They are then counter-revolved. This method 
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is sometimes called the revolved plane method, but is really but a variation 
of the slicing method. 


7. Practice of Casting Shadows 


Practice of Casting Shadows. The ultimate aim of the science of shades 
and shadows is to cast the shadow of any geometric surface upon any other 
geometric surface. Since architectural design is fundamentally the art of 
arranging geometric surfaces in such combined relations that their light 
effects (lights, shades and shadows) will be pleasing, it appears that each 
rendered drawing presents new problems to be solved. Equipped with all the 
necessary knowledge, it now becomes necessary to be resourceful. Every 
drawing to be rendered will contain objects the shadows of which cannot 
be cast either by oblique projection or slicing alone. Even the shadows of 
single objects may be most advantageously cast by the use of both methods 
applied to different parts (as in column caps or bases). There are no fixed 
rules. The Fundamental Principles outlined in Part 4 must be thoroughly 
assimilated. The Standard Shadows described in Part 6 must be at instant 
command. Even then, after the Theory of Casting Shadows (explained in 
Part 5) is completely understood, the practical work of casting shadows may 
be greatly simplified by ingenious short-cuts or expedients invented to meet 
new conditions. They do not involve any new method of casting shadows, 
but may reduce some complex shadow to several simpler ones (Figs. 55a and 
55b), or may simplify the procedure, as in Fig. 57. Examples given below 
are but a few of the better-known and generally used. 


(1) Dispensing with One Projection. In the method of oblique projection 
for the shadow of a point shown in Fig. 20, it is obviously only necessary to 
have the V projection and know how far the point is from V. The plan is 
unnecessary, since the shadow is 
a distance horizontally to the 
right of the point equal to the 
distance the point lies in front of 
V y and of course upon the ray. 

Similarly, for a shadow upon 
Tly the elevation is unnecessary. 

The convenience of this in actual 
practice where plan and eleva¬ 
tion may be upon different sheets 
and at different scales is self- 
evident. 

(2) Critical Rays (Figs. 52 and 
53) are used to illustrate a device 
used in many instances to sim¬ 
plify the work of finding shadows 
of lines. In Fig. 52 it is re¬ 
quired to find the shadow of a 
cap overhanging a cylindrical 
shaft. The lower edge of the 
upper cylinder is, of course, 
the shade line for the shadow 

upon the shaft. Instead of taking points at random and finding their 
shadows, in order to plot the shadow line, certain rays are drawn back¬ 
ward from the critical shadow points a, b, c, d and e. It is found that the 



Fig. 52. The Shadow of a Cylindrical Cap 
Overhanging a Cylindrical Shaft by 44 Critical 
Rays ” 
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points 1, 2, 3, 4 and 5 are the points in the shade line which cast shadow 
points a, b t c, d and e. Their V projection is then obtained and shadow 
points are thus obtained at I s and 5 s which are on the shade lines of the 
cylindrical shaft, at 2 s which is on the contour element, at 4 s the V projection 
of the axis of the cylindrical shaft, and at 3 s which point is cast by the ray 
which would pass through the axis of the cylinder. This shadow point 3 s is the 



Side Elevation Front Elevation 


Fig. S3. The Shadow of a Handrail upon a Flight of Steps by " Critical Rays ” 


highest point in the curve of the shadow line because that ray of light travels 
the shortest distance. A ray slightly to either side would travel further and 
the shadow point be lower. It will be noted that points I s and 5 s are at the 


same level, and 2 s and 4 s are also a pair. 

Fig. 53 illustrates how this same device of critical rays may be used in 
determining shadow lines which break across several adjacent surfaces. 



Plan 

Fig. 54 The Point of Flight 


The example given is the shadow of a 
sloping hand-rail beside a flight of 
steps. In this instance, both the treads 
and the risers are projected as lines at 
the same time only in the side-view or P 
projection, so that projection is most 
convenient to use as a ground line for 
the shadows. Only the critical shadow 
points 1 to 8 inclusive are found. In 
the practice of casting shadow many 
opportunities are presented for the exer¬ 
cise of ingenuity as shown by this method 
of critical rays. 

(3) The Point of Flight. Fig. 54 illus¬ 
trates another device which is exceed¬ 
ingly useful in the practical work of 
casting shadows. The point of flight 
is the point where the shadow of line 
C jumps from one surface to another. 
The ray of light passing through the 
point of flight x , which is the last shadow 
point of the line C upon the first surface, 
obtains the point y in the silhouette 


of the shadow. The point y is the first point of the shadow of the line C upon 
tHe second surface. In other words, the ray of light from the point M in the 


line C, touches the vertical edge B at x, the point of flight, and continues on 
to strike the wall surface at y. The figure illustrates a characteristic use of 
the ray of light through the point of flight which has many obvious advan¬ 
tages. There is no more important step to be learned in practical shadow¬ 
casting than frequent use of this device. It simplifies the work tremendously. 
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(4) Auxiliary Shadows (Figs. 55a and 55b). In architectural drawing a 
large group of figures to be represented are solids of revolution with their 
axes commonly perpendicular to II or V or parallel to GL It is therefore 
possible, without much difficulty, to determine their shadows by constructing 

<COO 

o V o 

XXX 


c *o o 



the shadows of a few principal cross-sections, since every cross-section would 
be circular. Figs. 55a and 55b are simple illustrations of the possibilities of 
this method. Its application facilitates the work by use of the auxiliary lines 
whose shadows may be cast readily and accurately. The principles upon 
which the method depends are made sufficiently clear by the drawings. 
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(5) Circumscribing or Inscribing Surfaces (Figs. 56 and 57). This applica¬ 
tion depends upon the principle that, at a point of tangency of two surfaces, 
whatever is true of one surface is also true of the other for such a point is 
common to both. In Fig. 56 the shade line of the sphere is found by circum¬ 
scribing cones, and in Fig. 57 the shadow of the sphere is found by inscribing 
a cube. The drawings are sufficient explanation. 



(6) Pyramids and Cones. Fig. 58 shows how finding the shade and shadow 
of a pyramid is simplified by producing the pyramid until its base rests in E. 
The new base is then its own shadow and need not be cast. The shade sur¬ 
faces of the original pyramid are the same as those of the new one. The 
shadow of the base of the first pyramid is then easily found. The same would 



Fig. 57. A Cube Inscribed within a Sphere 


apply to cones (Fig. 59). Fig. 56 shows a quick way of finding the shade line 
of a cone by the shadow complete method. 

(7) Niches (Figs. 49, 50, 51). The three methods already explained, show¬ 
ing how the shadow within a spherical-headed niche is found, are further 
examples of the ingenuity which must be shown in the practice of casting 
shadows 
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Fig. 58. Producing a Pyramid Fig. 59. Producing a Cone 


8. Determining and Forecasting Shade Lines 

Determining and Forecasting Shade Lines. The primary and most impor¬ 
tant function of the science of shades and shadows is that of determining shade 
lines. It has been shown that, in the final analysis, the shadow line of any 
object upon any surface is cast by the shade line of that object (Fig. 14). 
Therefore, it follows that it is only necessary to be able to find the shadows 



Fig. 60. Casting the “Shadow Complete” 


of points in order to find any shadows, once the shade line has been deter¬ 
mined. Of course the shadow line of any object upon any surface could be 
approximated by casting the shadows of sufficient random points in its surface 
and joining the outermost by a line (Fig. 60). But the labor of finding a 
great number of unnecessary shadow points and the uncertainty of the accu¬ 
racy of the results for more complex solids compel a more scientific procedure. 
Therefore, determining the shade line of an object not only definitely outlines 
the light and shade surfaces of the object itself, but if the shade line can pos¬ 
sibly be forecast, the work of finding the shadow line becomes greatly sim¬ 
plified. 
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Shadow Complete Method (Figs. 61, 62, 63). The simplest method of 
determining the shade line of any object is'to trace back from the outline of 
its completely cast shadow, and discover which points in the surface of the 
object cast the shadow line. Theoretically it will apply to any solid, and its 
only use is to determine the light and shade portions of the surface of the 
object, since the shadow is already obtained. This method is particularly 
applicable to cones (Fig. 63). 



Prism 



Pj ramid 



Cone 


Fig. 61 


Fig. 62 


Fig. 63 


Figs. 61, 62 and 63. “Shadow Complete” Method of Determining Shade Line as 
Applied to Prisms, Pyramids and Cones 


Tangent Ray Method (Figs. 64, 65, 66). Any application of the science of 
shades and shadows which seeks to predetermine or forecast the shade lines 
of objects before their shadow is cast, must devise ways for finding sufficient 
points upon their surfaces where rays of light are tangent, and connect those 
points of tangency and thus plot the shadeNines. Sometimes this is so 
simple and direct as to amount practically to inspection (Figs. 64, 65, 66). 
It is then called the tangent ray method. It consists of applying the pro- 




Fig. 64 Fig. 65 Fig. 66 

Figs. 64, 65 and 66. “Tangent Ray” Method of Predetermining Shade Line a 3 
Applied to Prisms, Pyramids and Cylinders 

jections of rays of lights to surfaces, on the coordinate where those surfaces 
are projected as lines. It will be apparent at once whether the surface is 
reached by light or not. The shade line divides the surfaces of light from the 
surfaces of shade thus determined. 

Obviously, this method will apply only to solids the surfaces of which can 
somewhere be projected as lines. 
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Slicing and Revolved Plane Methods (Tigs. 67 and 68). In both of these 
methods, auxiliary planes of light are used to cut critical sections from the 
surface of the solid. These sections are either projected (slicing method, 




Fig. 68. The Revolved Plane Method 



1906 


Architectural Shades and Shadows 


[Chap. 36 


Fig. 67), or revolved into a coordinate (revolved plane method, Fig. 68). 
The tangent ray is then drawn to the section of the surface (ray in projection 
in the slicing method and revolved ray in the revolved plane method). This 
obtains successive points of tangency of rays, hence points in the shade line. 
Although separate names have been given these methods, they are really one 
method, the slicing method. Both slicing and revolved planes are applicable 
to any solid whatever, but the revolved plane method is particularly useful 
when the object is a double curved surface of revolution. The sections cut 
by the auxiliary planes then are all circles, and when revolved into one of the 



coordinate planes, can be drawn with a compass. Fig. 67 illustrates the 
slicing method as applied to a sphere, and Fig. 68 illustrates the revolved 
plane method also applied to a sphere. In practice, the complete shade line 
of a sphere is found by the revolved planes method of slicing. (See Fig. 43 ) 
Because symmetrical points are found, this variation of the slicing method is 
called the method op symmetry for spheres. 

The Tangent Planes Method, applicable to all convex double curved sur¬ 
faces such as spheres, torii, etc., consists briefly in finding where planes of 
light are tangent to the surface. If a plane of light is tangent to the surface, 
it is a geometrical truth that a ray of light is tangent at the same point, hence 
that point is in the shade line of the object. A succession of such points con¬ 
stitutes the shade line. But since the slicing method applies in every case, 
this method is rarely used. 

The Paradox of Shade Line (Figs. 69, 70 and 71). An interesting paradox 
arises concerning the shade lines of right circular cylinders and right circular 
cones (both axes perpendicular to II ). The shade line of the cylinder is deter¬ 
mined by the tangent ray in U projection (Fig. 66). The shade line of the 
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cone must be found by the shadow complete method (Fig. 63). The tangent 
ray method does not apply to the cone. If a number of cylinders are piled 
up in a conical manner (Figs. 69 and 70), the shade line upon each will be 
on the corner, and the complete shade line of the pile will be a broken line or 
series of steps at the corner, irrespective of its steepness and the size of the 
steps. Even if they are so small that the surface looks almost smooth (Fig. 
70), and the pile of cylinders looks like a cone, the shade line will not change, 
although the shade line upon the cone (Fig. 71), which the pile of cylinder 
simulates, may vary anywhere from being a single line where a ray of light is 
exactly tangent up to the two corner elements, according to the slope of the 
cone. In the latter case the cone has become a 90° cone or a right circular 
cylinder. 


9. Vocabulary 

Vocabulary. Repeatedly to work out the shade lines and shadow lines of 
the elements constantly found in architectural drawings would only involve 
a considerable amount of unnecessary labor, once their derivations are under¬ 
stood. Since much architectural detail is vocabulary, and can be reduced 
by convention to certain definite geometric forms already tabulated (Figs 6 
to 11, inclusive), we have constant repetition of certain objects casting shadows 
and certain surfaces receiving shadows. 

It is, therefore, of the greatest fundamental importance to acquire from 
a study of shades and shadows a vocabulary of projections of shade lines and 
shadow lines of these constantly recurring architectural forms, so that both 
the rendering and the reading of architectural plans and elevations may be 
facilitated. 

These surfaces which are constantly casting and receiving shadow, alone 
and in combinations, occur in column caps and bases, cornices, pediments, 
moldings, brackets, modillions, balusters, etc. Their shade lines and shadow 
lines together with those of the orders (Doric, Ionic, Corinthian, and Com¬ 
posite) compose an extensive vocabulary. Intelligent use of this vocabulary 
presupposes a complete understanding of its derivation. In the use of this 
vocabulary there can be no compromise. The shade lin^s and shadow lines 
must be correctly drawn, in order that they fulfil their primary purpose, i.e., 
to convey accurate information. Although an approximation may seem to 
suffice, only absolute accuracy will be true. The critical and important 
points in the shade and shadow lines may be so subtle that, although the 
memory may be relied upon for an approximation, when absolute accuracy 
is sought either the problem should be correctly solved or visual reference 
made to a previous correct solution. 

Following is a reference vocabulary of miscellaneous architectural shades 
and shadows. 
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Fig. 73. Tuscan Capital 
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Fig. 74. Roman Doric Capital 



Front Side 



Fig. 75. Ionic Capital 
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Fig. 83. A Modillion in Block 



Fig. 84. A Modillion in Detail 



Front Yieur 


Front View 

Fig. 85. A Console in Block 


Fig. 86. Block Console in Detail 
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Fig. 89. 
A Baluster 


Vocabulary 



Fig 90 Fig. 91. Fig. 92. 

A Baluster A Baluster A Double Baluster 



Fig 93. In This Case the Arches are Parallel to the Wall. The Outer Edge of the 
Intrados Casts a Semicircular Shadow, Which Intersects the Similar Shadow of 
the Inner Edge of the Intrados 



Fig. 94. In the Same Way as in Fig. 93, the Shadows of the Outer and Inner Edges of 
the Arch Which is in Plane Perpendicular to the Wall are Intersecting Ellipses 
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Fig. 100. A Circular Opening in a Wall 
(a Barrel Vault) 



Fig. 102 (see Fig. 101). A Method of Finding 
the Shadow of a Plane Figure upon a Surface 
Other than a Plane Surface 



Fig. 101. (See also 
Fig 35 ) When a 
Line is Parallel to a 
Co-ordinate Plane, 
that Projection of 
its Shadow Line Ex¬ 
presses Exactly the 
Contours of the Sur¬ 
faces Which the 
Shadow Crosses 
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By 
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Specific Gravities and Weights. 

Wire Gauges and Metal Data. 

Nails and Screws. 

Excavating. 

Stonework. 

Brick and Brickwork. 

Lime. 

Sand and Gravel. 

Lathing and Plastering. 

Lumber and Carpenterwork. 

Building Papers, Felts and Insulators. 

Paint and Varnish. 

Window Glass and Glazing. 

Roofing. 

Tiling. 

Asphaltum. 

Mineral Wool. 

Estimating the Cost of Buildings 
The Quantity System. 

Dimensions and Data for Architects’ Drawings and Specifications 

Athletic Fields and Courts 

Mail-Chutes 

Refrigeration. 

Tower Clocks. 

Library Book-stacks. 

Classical Moldings. 

The Classical Orders. 

Lightning Conductors. 

Vacuum Cleaning. 

Waterproofing for Foundations. 

Force of the Wind. 

Wind-stresses in Tall Buildings. 

Horse-power, Pulleys, Gears, Belting and Shafting. 

Chain-blocks, Hoists and Hooks. 

Bells. 

Symbols for the Apostles and Saints. 

Documents of the American Institute of Architects. 

Glossary of Terms Used by Architects and Builders. 

Architectural Terms as Defined in Various Building Codes. 
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SPECIFIC GRAVITY 

The Specific Gravity of a substance is the number which expresses the ratio 
that the weight of a given volume of the substance bears to the weight of the 
same volume of distilled water at a temperature of 62° F.; or, the specific 
gravity of a body is equal to its weight divided by the weight of an equal vol¬ 
ume of water. The specific gravity of a substance, multiplied by the weight 
of a cubic foot of water, will gi e the weight of a cubic foot of the given 
substance. The weight of a cubic foot of water, at 62° F. and at the sea- 
level, is about 62.355 lb.* The specific gravity of a solid substance may be 
determined by first weighing a portion of it in air and then in water and 
dividing the weight in air by the loss of the weight in water; the quotient is 
the specific gravity required. 

Example. A piece of granite weighs 5 32 lb. in air; when immersed in water 
it weighs 3 32 lb. 

Solution. Weight in air (5.32 lb) divided by loss of weight in water (2 lb) = 
2.66, the specific gravity. 

2.66 X 62.355 lb — 165.84 lb = weight per cubic foot 

Note. 1 cu ft = 7.48 gal. 

• The textbooks differ slightly in regard to this value. 
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Specific Gravities and Weights per Cubic Foot of Various 
Substances * 


The basis for specific gravities is pure water at 

62° F. f barometer 30 in. Weight of 1 cu ft 
of water, 62.355 lb 

Average 
specific 
gravity. 
Water -1 

Average 
weight of 

1 cu ft 
lb 

Agate... .. . ... 2 5 to 2 8 

2.6 

162.1 

Air, atmospheric at 60° F , under pressure of one 



atmosphere, or 14 7 lb per sq in, weight His the 



weight of water .... ... 

0 00123 

0.0767 

Alabaster, carbonate . . ...2.61 to 2 76 

2 68 

167.1 

Alcohol, absolute, at 32° F .. .. . . 

0 794 

49.5 

Alcohol, 50 per cent- 

0 934 

58.24 

Alcohol, 95 per cent ... 

0 815 

50 82 

Alcohol, commercial - 

0 833 

51.95 

Alder, dryf . . .0.42 to 1 01 

0 55 

34.3 

Alum .... . .... 

0 53 

33.0 

Aluminum, hammered .... 

2 75 

171 7 

Aluminum, drawn . . . 

2 68 

167.1 

Aluminum, sheet .... . 

2 67 

166.5 

Aluminum, pure . . 

2 67 

166.5 

Aluminum, cast . 

2 '6 

160 0 

Amalgam... . . . 13.7 to 14 1 

13 92 

868.0 

Amber . 

1 08 

67 4 

Ambergris . ... 

0 87 

54.3 

Ammonia, 60° F. 

0 894 

55.81 

Antimony, cast. 

6 70 

418.0 

Antimony, native. 

6 67 

416.0 

Apple-wood, dryt. .0 66 to 1 25 

0 75 

46 8 

Arsenic ... ... 5.7 to 5 8 

5 73 

357.3 

Asbestos ... . . . 2.1 to 3 0 

2 81 

175.0 

Asbestos sheathing-paper ... 

1 20 

75 0 

Ash. Amencan white, dryt 

0 61 

38 0 

Ashes of soft coal, solidly packed ... 

0 70 

40 to 45 

Asphalt, for street-paving. 

1 60 

100 0 

Asphaltum. ... . 1 11 to 1 23 

1 15 

69 to 75 

Ballast, brick, gravel .. ... 

1 79 

111.6 

| Bamboo, dryt. 

0 36 

22.5 

Banum . . ... .... 

3 88 

242.0 

Barytes .... . . 

4 45 

277.5 

Basalt or trap-rock, average. 

2 96 

184.6 

Jersey City, N. J .... . ... 

3 00 

187.1 

Duluth, Minn .. . 

2 95 

184.0 

Staten Island, N. Y. 

2.86 

178.3 

Beech, dryt.0 65 to 1.12 

0 74 

46.0 

Beeswax. 

0 95 

59.0 

Benzine. 

0 69 

43.0 

Beer . . 

1 04 

64.9 

Birch, dryt.0 52 to 1.08 

0 65 

40.6 

Bismuth, cast.9.76 to 9 90 

9.82 

612.3 

Blood, at 32° F. 

1.06 

66.2 

Bone . . . . . 1.8 to 2 0 

1 90 

118.6 

Borax . . .1 7 to 1 8 

1.75 

109.2 

Boxwood, French, dryt 

1.33 

83 0 


• The values given in this table are average values. 

tThe word “dry” in this connection indicates that the wood contains not more than 
15% of moisture. Green timbers usually weigh from one-fifth to nearly one-half more 
than dry; ordinary building-timbers, tolerably seasoned, one-sixth more. 





















































Specific Gravity 


1921 


Specific Gravities and Weights per Cubic Foot of Various 

Substances * (Continued) 


The basis for specific gravities is pure water at 

Average 
specific 
gravity. 
Water — 1 

Average 
weight of 

1 cu ft 
lb 

62° F., barometer 30 in. Weight of 1 cu. ft 
of water, 62.355 lb 

Cinnabar. . 

8.12 

507.0 

Clay, potters’, dry.. . .. .1.8 to 2.1 

1.90 

118.5 

Clay, dry, in lump, loose. 

1.01 

63.0 

Coal, anthracite, 1 3 to 1 84; of Penn , 1 3 to 1 7. 

1.50 

93.5 

Coal, anthracite, broken, of any size, loose, average 


52 to 56 

Coal, anthracite, broken, moderately shaken 

Coal, anthracite, broken, heaped bushel, loose, 77 to 


56 to 60 

83 lb. 



Coal, anthracite, broken, a ton loose occupies 40 to 43 
cu ft. 

Coal, bituminous, solid, 1.2 to 1 5 . 

1 35 

84 0 

Coal, bituminous, solid, Cambria Co , Pa , 1 27 to 1 34 


79 to 84 

Coal, bituminous, broken, of any size, loose 


47 to 52 

Coal, bituminous, moderately shaken 

Coal, bituminous, a heaped bushel, loose, 70 to 78 lb 


51 to 56 

Coal, bituminous, 1 ton occupies 43 to 48 cu. ft . 
Coke, loose, good quality 


23 to 32 

Coke, loose, a heaped bushel, 35 to 42 lb ... 

Coke, loose, 1 ton occupies 80 to 97 cu ft 

Concrete, stone. . . . 130 to 150 

• 

2 33 

145 0 

Concrete, cinder . 100 to 110 

1.68 

105 0 

Copper, hammered - 8.8 to 9 0 

8 95 

558.0 

Copper, rolled. . 8 9 to 9 0 

8 95 

558.0 

Copper, drawn wire . 8.8 to 9.0 

8.89 

554.5 

Copper, sheet . . 

8 72 

543.6 

Copper, cast . 8.6 to 8.9 

8 82 

550 0 

Copper, melted. 

8 23 

513 0 

Cork, dry 

0 24 

15.0 

Corundum, pure ... 3 92 to 4.011 

3.96 

247.5 

Creosote oil .1 04 to 1 10 

1 07 

66.8 

Cypress, American, dryt 

0 55 

34 3 

Dogwood, dryf 

0 75 

46.8 

Douglas fir, dryf . 

0 51 

31 8 

Earth, common loam, perfectly dry, loose 


72 to 80 

Earth, common loam, perfectly dry, shaken 


82 to 92 

Earth, common loam, perfectly dry, rammed 


90 to 100 

Earth, common loam, slightly moist, loose 


70 to 76 

Earth, common loam, more moist, loose 


66 to 68 

Earth, common loam, more moist, shaken . ... 


75 to 90 

Earth, common loam, more moist, packed. 


90 to 100 

Earth, common loam, as soft, flowing mud 


104 to 112 

Earth, common loam, as soft, flowing mud, well-pressed 


110 to 120 

Ebony .... .... 

1.2 2 

76 0 

Eggs . 

1 09 

68.0 

Elder-pith . ... 

0 076 

4.7 

Elm, dryf. .. 

0 56 

35.0 

Elm, rock. .... 

0 80 

50.0 

Emerald . . ... 

2 70 

168 5 


• The values given in this table for specific gravities and for weights per cubic foot are 
average values 

t The word “dry” in this connection indicates that the wood contains not more than 
15% of moisture. Green timbers usually weigh from one-fifth to nearly one-half more 
than dry; ordinary building-timbers, tolerably seasoned, one-sixth more. 









1922 


Specific Gravity 


[Part 3 


Specific Gravities and Weights per Cubic Foot of Various 
Substances * (Continued) 


The basis for specific gravities is pure water at 

62 ° F. f barometer 30 in. Weight of 1 cu ft 
of water, 62.355 lb. 

Average 
specific 
gravity. 
Water «■ 1 

Average 
weight of 

1 cu ft 
lb 

Bmery. . 

4.00 

249 5 

Fats. . 

0.93 

58 0 

Feldspar. 

2.57 

160 2 

Filbert-tree, dryf. . 

0.60 

37 5 

Fir, Douglas (see Douglas Fir). 

Flint. 

2 63 

164 0 

Gamboge. 

1 20 

74 8 

Garnet. ... .3.4 to 4.3 

3.85 

240 1 

Glass, optical. . 

3 45 

215 0 

Glass, flint. 

3 00 

187 0 

Glass, white. 

2 89 

180 2 

Glass, plate. 

2 80 

174 6 

Glass, green. 

2 67 

166 5 

Glass, floor, heavy. . 

2 53 

158 0 

Glass, window. 

2 50 

156 0 

Gneiss (see Granites). 

Gold, pure.. 

19 50 

1 215 9 

Gold, hammered, native. 

19 40 

1 209 7 

Gold, cast. .... 

19 258 

1 200 8 

Granites and gneiss, Connecticut, Greenwich . 

2 84 

177 3 

California, Penryn (hornblende). . 

2.77 

172 9 

New York ... 

2 74 

171 0 

Maryland, Port Deposit . . 

2 72 

169 6 

Massachusetts, Quincy (hornblende) 

2 70 

168 5 

Wisconsin, Athelstane 

2 70 

168 5 

Georgia, Lithornia and Stone Mountain 

2 69 

167 9 

Minnesota. . . 

2 68 

167 3 

California, Rocklin (muscovite). 

2 68 

167 3 

Rhode Island, Wcsterley .... 

2 67 

166 7 

Connecticut, New London . . . 

2 66 

166 0 

New Hampshire, Keene. 

2 66 

166 0 

Maine, Hallowell 

2 65 

165 2 

New Hampshire, Concord . . 

2 65 

165.2 

Vermont, Barre .... ... 

2 65 

165 2 

Wisconsin, Montello . ... 

2.61 

164 6 

Colorado, Georgetown (biotite) ... 

2 63 

164 0 

Maine, Fox Island.. 

2 63 

164 0 

Massachusetts, Rockport 

2 61 

162 7 

Graphite. 

2 26 

140 0 

Gravel, dry 

1.79 

112 0 

Gravel, wet 

2 00 1 

125 0 

Greenstone, trap .... 2.8to 3 2 

3 00 

187 0 

Grindstone .. ... 

2 14 

133 5 

Gum arabic .. . 

1 32 

82.5 

Gun-metal (see Bronze). 

Gunpowder (granular) .. . . . . 

1 00 

62 4 

Gutta-percha. 

0 98 

61 0 


• The values given in this table for specific gravities and for weights per cubic foot are 
AVERAGE values 

f The word “dry” in this connection indicates that the wood contains not more than 
15% of moisture. Green timbers usually weigh from one-fifth to nearly one-half more 
than dry; ordinary building-timbers, tolerably seasoned, one-sixth more. 

















Specific Gravity 


1923 


Specific Gravities and Weights per Cubic Foot of Various 
Substances * (Continued) 


The basis for specific gravities is pure water at 

62° F. t barometer 30 in. Weight of 1 cu ft 
of water, 62.355 lb 

Average 
specific 
gravity. 
Water «1 

Average 
weight of 

1 cu ft 
lb 

Gypsum, natural rock, free from surface-water 

2.30 

143 0 

Gypsum, crushed rock, not calcined, all passing 1-in 
ring 

1.52 

95.0 

Gypsum, ground rock, 90% passing 100 mesh, dried 
not calcined.. . 

1.25 

78.0 

Gypsum. Plaster-of-Paris, stucco, stiff mortar, set and 
dried out 

1 22 

77 0 

Gypsum, Plaster-of-Pans, stucco, ground rock, 90% 
passing 100 mesh, calcined, loose 

0 96 

60 0 

well shaken down or in bins .. . 

1 11 

70 0 

Hackmatack (see Larch) 

Hay, loose in stacks, about 512 cu ft per ton 



Hemlock, dryf . 

0 42 

26 2 

Hickory, pignut, dryf 

0 89 

55.6 

Hickory, mocker-nut, dryf. •. • 

0 85 

53 1 

Hickory, shagbark. dry t ... 

0 81 

50 6 

Hickory, nutmeg, dryf • • • • 

0 78 

48 7 

Hickory, bitternut, dryf.. 

0 77 

48 1 

Hickory, water, dryf . • • 

0 73 

45 6 

Holly . . 

0 76 

47 4 

Honev. 

1 45 

90 5 

Horn . . 

1 69 

105.5 

Hornblende . 3 0 to 3 5 

3 25 

202.7 

Ice... .0 88 to 0 914 

0 89 

56.0 

Indiana Limestone 

2 31 

144 0 

Iodine.. .... 

4 94 

308.0 

Iridium, pure. . 

22 12 

1 379.0 

Iron, cast 6 9 to 7.4 

7 2 

448.9 

Iron, gray, foundry, cold . 

7 21 

450.0 

Iron, gray, foundry, molten. 

6 94 

433 0 

Iron, wrought. . . 

7 70 

480.0 

Ivory . ... 

1 88 

117.0 

Jumper-wood. . . 

0 57 

35 6 

Kaolin.. . . 

2 20 

137.2 

Lava .. .... 

2 65 

165.2 

Larch, or hackmatack, dryf. . . 

0 55 

34.3 

Lard.. 

0 94 

58.7 

Lead, commercial, cast. 

11 36 

708.0 

Lead, commercial, sheet. 

11 40 

710.8 

Lead, pure . . 

It 42 

713.0 

Lead, molten ... .... 

10 40 

648.8 

Lignum-vite, dryf. 0 65 to 1 33 

0 99 

41 to 84 

Lime, quick, ground. 1.04 to 1 20 

1 12 

65 to 75 

Limestone, Illinois . . . 

2.57 

160.4 

Indiana . 

2 31 

144.0 

Kentucky . 

2 685 

167.4 

Michigan 

2.44 

152.1 


* The values given in this table for specific gravities and for weights per cubic foot are 
average values. 

f The word “dry” in this connection indicates that the wood contains not more than 
15% of moisture. Green timbers usually weigh from one-fifth to nearly one-h&lf more 
than dry; ordinary building-timbers, tolerably seasoned, one-sixth more. 












1924 Specific Gravity [Part 3 


Specific Gravities and Weights per Cubic Foot of Various 
Substances * (Continued) 


The basis for specific gravities is pure water at 

62° F., barometer 30 in. Weight of 1 cu. ft 
of water, 62.355 lb 

Average 
specific 
gravity. 
Water = 1 

Average 
weight of 

1 cu ft 
lb 

Limestone (continued) 



Minnesota. . . 

2 655 

165.6 

Missouri. . 

2 32 

144 8 

New York .... 

2 71 

169 0 

Average of limestones . 

2.57 

160.4 

Linseed-oil .. .... 

0 935 

58 3 

Locust, dry f.. 

0 71 

44 3 

Magnesite. ... 

3 0 

187 1 

Magnesium, pure. 

1 72 

107.0 

Mahogany.. . . .0.56 to 1.06 

0 81 

50 5 

Manganese, pure . 

8 00 

499 0 

Manganese, ore, red 

4 01 

250.0 

Manganese, ore, black 

3 45 

215 1 

Marble, average . .. 2.6 to 164.4 

2 6 

162.1 

domestic. 



New Yoik . 

2.83 

176 5 

California 

2 75 

171 5 

Georgia ... 

2 73 

170 2 

Vermont. Dorset... .... 

2 06 

166 0 

foreign. 



Parian .. . 

2 84 

177 1 

African . 

2 80 

174 6 

Carrara .... 

2 72 

169 6 

Biscayan. . 

2 71 

169 0 

British . . 

2 71 

169 0 

French 

2 65 

165 2 

Marl... . . 

2 10 

131.0 

Masonry, brickwork (see Brickwork). 



Masonry, concrete, stone . 

2 33 

145 3 

Masonry, concrete, cinder 

1.68 

105 0 

Masonry, giamte, dressed 

2 64 

165 0 

Masonry, granite, rubble m cement. 

2 48 

155 0 

Masonry, limestone, dressed 

2 60 

162 0 

Masonry, marble, dressed for buildings.. 

2.72 

170 0 

Masonry, sandstone .. ... 

2 41 

151 0 

Mastic, gum resin. .. ... 

0 85 

53 0 

Mercury, at 32° F. 

13 62 

849 0 

Mica . . . . 2.75 to 3 1 

2 93 

183 0 

Milk, at 32° F. ... . 

1 032 

64 3 

Molybdenum, pure. .. . 

8 63 

538 1 

Mortar, lime.. . 

1 65 

103 0 

Mortar, cement. 

1 68 

105 0. 

Mud, dry, close. . . 


80 to 110 

Mud, wet, moderately pressed. 


110 to 130 

Mud, wet, fluid . .... 


104 to 120 

Mulberry-tree, dryf ... 

0 75 

46 8 

Naphtha-oil, wood, at 32° F 

0 85 

52 9 


* The values given in this table for specific gravities and for weights per cubic foot 
are average values. 

fThe word “dry” in this connection indicates that the wood contains not more than 
15% of moisture. Green timbers usually weigh from one-fifth to nearly one-half more 
than dry; ordinary building-timbers, tolerably seasoned, one-sixth more. 





















1925 


Specific Gravity 


Specific Gravities and Weights per Cubic Foot of Various 
Substances * (Continued) 


The basis for specific gravities is pure water at 

62° F., barometer 30 in. Weight of 1 cu ft 
of water, 62.355 lb. 

1 

Average 
specific 
gravity. 
Water »1 

Average 
weight of 

1 cu ft 
lb 

Nickel 

8 56 

517 to 550 

Oak, live, dryf 0 88 to 1 02 

0 95 

f *9.3 

Oak, white, dryf • 0 66:o 0 88 

0 77 

48.0 

Oak, red and black, dryf 


32 to 45 

Ochre. . .... 

3 50 

218 0 

Olive-oil, 32° F. 

0 916 

57.12 

Oolitic stones. 

2 25 

140 3 

Opal . 

2 15 

134 0 

Opium. 

1 34 

83.6 

Orange-tree... 

0 71 

44 3 

Palladium. 

11 80 

735 8 

Paper. . 

0 95 

59.3 

Paraffin ... 

0 88 

54.9 

Pear-tree wood, dryf 

0 67 

41.8 

Peat, pressed . 

0 72 

45 0 

Petroleum, oil. . 

0 878 

54 8 

Pine, Cuban, dryf . 

0 63 

39 3 

Pine, yellow, long-leaf, dryf. 

0 61 

38 1 

Pine, loblolly, dryf 

0 53 

33 1 

Pine, yellow, short-leaf, dryf 

0 51 

31.8 

Pine, red, Norway, dryf 

0 50 

31 2 

Pine, spruce, dryf. 

0 44 

27 5 

Pine, white, dryf. 

0 38 

23.7 

Pitch. 

1 08 

67.0 

Plaster of Paris (see Gypsum) . 

2 25 

140 3 

Platinum. 

21 50 

1 340.6 

Plumbago. 

2 10 

131.0 

Poplar, dryf .... 

0 47 

29.3 

Porcelain, china .... 

2 30 

143.4 

Porphyry... 

2 76 

172 3 

Potash . . . . 

2 26 

141.0 

Potassium 

0 865 

54 0 

Pumice-stone. 

0 92 

57.4 

Quartz 

2 65 

165.3 

Quince-tree wood, dryf. 

0 71 

44.3 

Red lead. 

8 94 

557.5 

Resin. 

1 09 

68 0 

Rock-crystal. 

2 60 

162.0 

Rosewood. . . 

0 73 

45 6 

Rosin . . . . 

1 10 

68.6 

Rubber, India ... 

0 93 

58.0 

Ruby... ... 

3.90 

243.0 

Salt, coarse, per struck bushel, Syracuse, N. Y , 56 lb. 


45.0 

Saltpetre. .... 

2 02 

122 to 130 

Sand, of pure quartz, perfectly dry and loose 


90 to 106 

Sand, or pure quartz, voids full of water. 


118 to 129 

Sand, of pure quartz, very large and small grams, dry 


117 0 


* The values given in this table for specific gravities and for weights per cubic foot are 
AVERAGE values. 

t The word “dry” in this connection indicates that the wood contains not more than 
15% of moisture. Green timbers usually weigh from one-fifth to nearly one-half more 
than dry; ordinary building-timbers, tolerably seasoned, one-sixth more. 














1926 Specific Gravity [Part 3 


Specific Gravities and Weights per Cubic Foot of Various 

Substances * (Continued) 


The basis for specific gravities is pure water at 

62° F., barometer 30 in. Weight of 1 cu ft 
of water, 62.355 lb 

Average 
specific 
gravity. 
Water — 1 

Average 
weight of 

1 cu ft 
lb 

Sandstone, average 

2 

44 

152.1 

Massachusetts, Longmeadow . . 

2 

49 

155.4 

Connecticut, Portland .. 

2 

50 

156.0 

New York . 2.40 to 2.70 

2 

60 

162.1 

New Jersey, Belleville .. 

2 

40 

149.7 

Pennsylvania .... 

2 

63 

164.2 

Virginia, Bristow 

2 

60 

162.0 

Ohio. . . 

2 

22 

138.6 

Michigan.. . 

2 

35 

146.5 

Wisconsin . 

2 

22 

138.6 

Minnesota . 

2 

25 

140.5 

Colorado. ... 

2 

33 

145.3 

California, Angel Island 

2 

73 

170.0 

Shales, red or black . 

2 

60 

162.0 

Silica_ 

2 

66 

166.0 

Silver. 

10 

50 

654.5 

Slate... 

2 

76 

175.0 

Snow, freshly fallen 



5 to 12 

Snow, moistened, compacted by rain . 



15 to 50 

Soapstone. 

2 

73 

170.0 

Sodium. 

0 

978 

61.0 

Spelter. 

7 

10. 

443.0 

Spirit, rectified. 

0 

824 

51.4 

Spruce. 

0 

40 

25.0 

Steel, cast. 

7 

9 

492.6 

Steel, wrought.. 

7 

85 

489.6 

Sugar 

1 

60 

100.0 

Sycamore, dryf... 

0 

58 

36.5 

Talc. 

2 

81 

175.2 

Tallow ... 

0 

94 

58.6 

Tamarack. 

0 

38 

23.6 

Tar. 

1 

00 

62.4 

Teak. 

0 

70 

43.7 

Terra-cotta, solid blocks. . 



120 to 122 

hollow blocks, lH-in thick, smaller pieces heaviest 



65 to 85 

Tiles, solid. 

2 

20 

136.5 

Tin, rolled.. . . 

7 

40 

461.5 

Tin, cast. . 

7 

.30 

455.0 

Tin, molten . 

7 

.02 

437.7 

Trap (see Basalt). 




Tungsten . . 

19 

129 

1 192.8 

Turpentine. 

0 

87 

54.3 

Type-metal, cast. . 

10 

.45 

651.8 

Uranium. ... 

18 

49 

1 153.0 

Vinegar. . 

1 

08 

67.5 

Walnut, black, dryf. 

0 

.60 

37.5 

Water, pure rain, distilled, at 32° F , barometer 30 in. 



62.4 


* The values given in this table for specific gravities and for weights per cubic foot are 
aveeage values. 

f The word “dry” in this connection indicates that the wood contains not more than 
15% of moisture. Green timbers usually weigh from one-fifth to nearly one-half more 
than dry; ordinary building-timbers, tolerably seasoned, one-sixth more. 
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1927 


Specific Gravities and Weights per Cubic Foot of Various 
Substances* (Continued) 


The basis for specific gravities is pure water at 

62° F., barometer 30 in. Weight of 1 cu. ft 
of water, 62.355 lb 

Average 
specific 
gravity. 
Water -1 

Average 
weight of 

1 cu ft 
lb 

Water, pure rain, distilled, at 62° F , barometer 30 m 

1 00 

62.355 

Water, pure rain, distilled, at 212° F , barometer 30 in 


59.7 

Water, sea ... ... 1 026 to 1.030 

Wax (see Beeswax). 

1 028 

64.1 

Willow. .... 

0 49 

30 5 

Wine . . .... 

1 01 

63 0 

Zinc or spelter . 6 8 to 7 2 

7 00 

436 5 


• The values given in this table for specific gravities and for weights per cubic foot are 
average values. 


WIRE-GAUGES* AND METAL-DATA 

A Wire-Gauge is a method of designating the diameter of wires or the thick¬ 
ness of sheets of metal by the numbers of a table arranged on a certain fixed 
basis. There are at the present time several gauges, resulting in great con¬ 
fusion, Table XIII, Chapter XI, gives the diameters of the gauges in common 
use. The only legal gauge in this country is the United States standard gauge. 
It is used by most of the manufacturers of sheet iron and steel and tinplate. 
The Brown & Sharpe gauge is commonly used for designating size of copper 
wires, and for sheet copper and brass. Nearly all copper wire, bare and insu¬ 
lated, is ordered, manufactured, and carried in stock in accordance with this 
gauge. This might be called the Copper Wire Gauge. The American Steel 
& Wire Company uses the old Washburn & Moen and Roebling gauges for 
all their steel and iron wire and also for wire nails. The sectional areas for 
these gauges are given in Table XIV, Chapter XI, and the table given in this 
section, taken from the Roebling and American Steel & Wire Company’s lists. 
When placing orders for sheets and wire, it is always best to specify the weight 
per square or linear foot or the thickness or diameter in thousandths of an 
inch or in circular mils. The gauge for steel wire, used by the J. A. Roeb- 
ling’s Sons Company, is given in Table XIV, Chapter XI, and the circular-mil- 
gauge in Table III, Chapter XXXIV. The gauge used by this company is 
the same as the Washburn & Moen gauge, or the American Steel & Wire 
gauge, except that the diameters in most cases are given to the nearest mil. 
This gauge is so generally used for steel wire that it is sometimes called the 
Steel Wire Guage or the Market Wire Gauge. The Birmingham Wire gauge 
is the same as Stubs’ Iron-Wire gauge, but entirely different from Stubs* 
Steel-Wire gauge. Galvanized telegraph and telephone-wire, both bare and 
insulated, and galvanized armor-wire are usually designated by this gauge. 
Its use is not very extensive and is becoming less. The new British Standard 
gauge is the legal standard for Great Britain and is used there for all kinds of 
wire. Its use in this country is very limited. It is known, also, as the English 
Legal standard gauge and the Imperial Wire gauge. 


See Chapter XI, Article 7. 
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Wire-Gauges and Metal-Data 


[Part 3 


Weights in Pounds per Square Foot of Sheets of Wrought Iron, 
Steel, Copper, and Brass 


Thickness by American (Brown & Sharpe) gauge 


No. of 
gauge 

Thickness 
in inch 

Iron 

Steel 

Copper 

Brass 

0000 

0 

46 

18 

40 

18. 

77 

20 

84 

19 

69 

000 

0 

4096 

16 

39 

16 

71 

18 

56 

17 

53 

00 

0 

3648 

14 

59 

14 

88 

16 

53 

15 

61 

0 

0 

3249 

12 

99 

13 

25 

14 

72 

13 

90 

1 

0 

2893 

11 

57 

11 

80 

13 

11 

12 

38 

2 

0 

2576 

10 

31 

10 

51 

11 

67 

11 

03 

3 

0 

2294 

9 

18 

9 

36 

10 

39 

9 

82 

4 

0 

2043 

8 

17 

8 

34 

9 

26 

8 

74 

5 

0 

1819 

7 

28 

7 

42 

8 

24 

7 

79 

6 

0 

1620 

6 

48 

6 

61 

7 

34 

6 

93 

7 

0 

1443 

5 

77 

5 

89 

6 

54 

6 

18 

8 

0 

1285 

5 

14 

5 

24 

5 

82 

5 

50 

9 

0 

1144 

4 

58 

4 

67 

5 

18 

4 

90 

10 

0 

1019 

4 

08 

4 

16 

4 

62 

4 

36 

11 

0 

0907 

3 

63 

3 

70 

4 

11 

3 

88 

12 

0 

0808 

3 

23 

3 

30 

3 

66 

3 

46 

13 

0 

0720 

2 

88 

2 

94 

3 

26 

3 

08 

14 

0 

0641 

2 

56 

2 

61 

2 

90 

2 

74 

15 

0 

0571 

2 

28 

2 

33 

2 

59 

2 

44 

16 

0 

0508 

2 

03 

2 

07 

2 

30 

2 

18 

17 

0 

0453 

1 

81 

1 

85 

2 

05 

1 

94 

18 

0 

0403 

1 

61 

1 

64 

1 

83 

1 

73 

19 

0 

0359 

1 

44 

1 

46 

1 

63 

1 

54 

20 

0 

0320 

1 

28 

1 

30 

1 

45 

1 

37 

21 

0 

0285 

1 

14 

1 

16 

1 . 

.29 

1 

22 

22 

0 

0253 

1 

01 

1 

03 

1 

15 

1 

08 

23 

0 

0226 

0 

903 

0 

921 

1, 

.02 

0 

966 

24 

0 

0201 

0 

804 

0 

820 

0 

911 

0 

860 

25 

0 

0179 

0 

716 

0 

730 

0 

811 

0 

766 

26 

0 

0159 

0 

638 

0 

650 

0 

722 

0 

682 

27 

0 

0142 

0 

568 

0 

579 

0 

643 

0 

608 

28 

0. 

,0126 

0 

506 

0 

516 

0 

573 

0 

541 

29 

0 

0113 

0 

450 

0 

459 

0 

510 

0 

482 

30 

0 

0100 

0 

401 

0 

409 

0 

454 

0 

429 

31 

0 

0089 

0 

357 

0 

364 

0 

404 

0 

382 

32 

0 

0080 

0 

318 

0 

324 

0 

360 

0 

340 

33 

0 

0071 

0 

283 

0 

289 

0 

321 

0 

303 

34 

0 

0063 

0 

,252 

0 

257 

0 , 

.286 

0 . 

270 

35 

0 

0056 

0 , 

.224 

0 

229 

0 

254 

0 

240 

Specific gravity 


7 

704 

7 

85 

8 

72 

8 

24 

Weight per cubic foot .. 

480 

.00 

489 

60 

543 

6 

513, 

,6 

Weight per cubic inch. . 

0 

2778 

0 

2833 

0 

.3146 

0 

.2972 





Weights of Sheets and Bars of Lead, Copper and Brass 


Weights of Sheets and Bars 


1929 


, f 

tf 

I sis 
i 

ei»N «D ^ ^ ^ <0 ® <8 

i s r. ? *£ r^rsr.s ? ^f . »f 

Brass 

Round 

bars 

1 ft long, 
lb 

cO-*ir>'*0*©Ol'«.*^©\t*50'.©©©OC©©©©©©©©©©© 

OH'Sj'OOfOM'OfOO-tONNJ'tCli'WaoONO 

OOOOOOOOOOOOO-H^^-HCN^tSfO'^iO'Ot^OOOv^ 

H M W 

0«.0 £ 

CO 

rt , TffN'O00r^.r^Of^0C^HT)OOOOOOOOOOOOOOOO 

O' < '*) | 0»iNNN | flO&O' ! rHOn«OC0HS^P)N«5OOO 

OOOOOOOOOOOOHH«MfsNfOfO'l'^'Ooo(>Hri , t 

Sheets, 
per sq ft, 
lb 

>0»h'0<NiopCOOOOCOOOOOOOOOOOOQOPOO 

f*3NO'CNHIO«)i0( < )ON^«00lON»O^NN'OO'l'5wN 

^N't«0\0000'0^'OOv^'tf'^NU5SO^«'t»'od'0^ l O 

r< « f HMNiNMM^n5P»jTf'<)<Tj'iO>0«^NOOOO 

Copper 

Round 

bars 

1 ft long, 
lb 

fOCNi^r^T^O^aviOioooiOiOOOOOOOOOOOOOOQO 
OH(NT|iNO^«10^NIOI^Kf<)00'HION'NNMOOOIo50 
OOOOO^*-*—i('l'fiONO l H^MJfOOOOOt'N»Ov!S'0« 

OOCOOOOOOOOCO—ifNtNf^^D'^LO'Ot^ChOr^ 

* £ 

H 

^lOTfO'tiO'^OO — VO<NOPOOOOOOOOOOOPPP 
Q«<0'Oj««^N'>C' , 50NON'OiOTl'»iflNHKioo550 
OOOOO^«cs^i0N0'O|w;XHio»i*!00 00ON'OfSMiOT|' 

odoodoodooooHHrtN'iNMKjKjt^NoooHMU) 

»-« 

S «£ 

jq u 

Ml 

^^^^0^0000000000000000000000 

rtM^WlNMO^’l'NOfO'OOO-^ij'NOrOOlNNfOOModoN 

rt^*H«MNCS(N(OfO(»5^^^iOiO\0'ONOOOOO\ 


Round 

bars 

1 ft long, 
lb 

rf»0'l*-<»or^f^^**HOO'0^000000000000 

O^f')'OO'fO»'t00^^Nf0(N^OiN«)fSO(N5»t'NOOOQ 

ooooo^^NfiioNaNioooHiooiTiio»o«)N*o5N« 

OodoOOOOOOOOHHH!S(NN«)ro^«N0(ioHj|)tf» 

Square 

bars 

1 ft long, 
lb 

«o©v''*oo*-<'*t^©»ooo©©00©000©QO©©POPQO 

PH^NNIsfO'HOOaiO^N't^OtNONONlONOOOOO 

OOOOHHN^^«0»Nifl0\(*5NN»(0O>Nls«<)(N'HNi0» 

ddodbdooooo^^^NN^(*)^«^0iH(*)i0N0i 

Sheets, 
per sq ft, 
lb 

v0«N00*tOO©OOO©OOOOOOOOOOOOOOOOO 

O00.i0^t^<s00>0r^000i0fs0\'0pc»-0««0v^00f0t^000 

H (*) WJN oii-tK} ^OONOOifON O^OOfSOOiO^Hol^^NO* 

H»HiHHNNN«fO't^^U5IOtf)'ON»flO»OHjJ 

i 

\ tf 

it 

—M— 
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Wire-Gauges and Metal-Data 
Sizes and Weights of Smooth Steel Wire 

As made by the American Steel & Wire Company 


[Part 3 



* For iron wire, the values in columns 6 and 7 should be multiplied by 0.98 and for 
copper wire, by 1.12. 




































































Kinds of Wire 


1931 


Kinds of Wire Manufactured by the American Steel and Wire 
Company 

Market-wire. Nos. 0000 to 18. 

Annealed stone-wire or weaving-wire, Nos. 16 to 47. 

Tinned market-wire, Nos. 0 to 18. 

Tinned stone-wire, Nos. 16 to 40. 

Gun-screw wire, finished with great care as regards roundness and exact* 
ness to gauge, Nos. 18 to 50, 

Machinery-wire, Nos. 00000 to 18. 

Cast-steel wire, J^-in diameter, down to No. 26. 

Drill and needle-steel wire, Nos. 12 to 25. 

Welding wire: 

for Electric Welding, Nos 3 to 10 

for Electric or Acetylene Welding, Nos. 2 to 7 

for Acetylene Welding, Nos. 2 to 16 

The term market-wire applies to the ordinary and most used forms of 

Bessemer annealed, bright, galvanized, tinned and coppered wires. 

Galvanized-Iron-Wire Strand. See Chapter XI. 



[Part 3 


1932 


Metal-Data 


Weights and Areas of Square and Round Bars and Circumferences 
of Round Steel Bars * 


Weights are for steel, at 489 6 lb per cu ft 


Thickness 

or 

diameter, 

in 

Weight of 
□ bar 

1 ft long, 
lb 

Weight of 

O bar 

1 ft long, 
lb 

Area of 
□ bar, 
sq in 

Area of 

O bar, 
sq in 

Circumfer¬ 
ence of 

O bar, 
in 

Me 

0.013 

0.010 

0.0039 

0 0031 

0.1963 


0.021 

0.016 

0.0061 

0.0048 

0.2454 


0.030 

0.023 

0.0088 

0.0069 

0 2945 

7 /ki 

0 041 

0.032 

0.0120 

0.0094 

0.3436 

X 

0 053 

0.042 

0 0156 

0.0123 

0 3927 

%l 

0.067 

0.053 

0 0198 

0.0155 

0 4418 


0.083 

0.065 

0.0244 

0 0192 

0.4909 

'Hi 

0.100 

0.079 

0.0295 

0.0232 

0.5400 

Me 

0 120 

0.094 

0.0352 

0.0276 

0.5890 


0.140 

0.110 

0 0413 

0 0324 

0 6381 

h2 

0 163 

0.128 

0.0479 

0 0376 

0 6872 

1964 

0 187 

0.147 

0.0549 

0 0431 

0.7363 

X 

0 213 

0.167 

0 0625 

0 0491 

0 7854 

17 A* 

0 240 

0.188 

0 0706 

0 0554 

0 8345 

%2 

0 269 

0.211 

0 0791 

0 0621 

0 8836 

1 /04 

0.300 

0.235 

0.0881 

0 0692 

0.9327 

Ha 

0 332 

0.261 

0.0977 

0 0767 

0 9817 


0 402 

0.316 

0.1182 

0.0928 

1 0799 

X 

0 478 

0.376 

0.1406 

0 1104 

1.1781 

l Xn 

0 561 

0.441 

0.1650 

0.1296 

1.2763 

Me 

0 651 

0.511 

0.1914 

0.1503 

1.3744 


0 747 

0.587 

0 2197 

0.1726 

1 4726 

X 

0.850 

0.668 

0 2500 

0 1963 

1 5708 

% 

0.960 

0.754 

0.2822 

0.2217 

1.6690 

Me 

l 076 

0.845 

0 3164 

0 2485 

1.7671 

X %2 

1.199 

0.941 

0.3525 

0 2769 

1.8653 

X 

1 328 

1.043 

0.3906 

0 3068 

1 9635 

*Me 

1.607 

1.262 

0.4727 

0 3712 

2.1598 

H 

1 913 

1.502 

0.5625 

0 4418 

2 3562 

*Mc 

2.245 

1.763 

0.6602 

0 5185 

2.5525 

X 

2 603 

2.044 

0.7656 

0 6013 

2 7489 

l Ha 

2.989 

2.347 

0.8789 

0 6903 

2.9452 


• Adapted from the Handbook of the Cambria Steel Company, Johnstown, Pa. 







1933 


Weights and Areas of Bars 

Weights and Areas of Square and Round Steel Bars* 


Weights aie for steel, at 489 6 lb per cu ft 


Thick¬ 

ness, 

in 

□ 

o 


□ 

o 

Area, 
sq in 

Weight 

per 

foot, 

lb 

Area, 
sq in 

Weight 

per 

foot, 

lb 

Thick¬ 

ness, 

in 

Area, 
sq in 

Weight 

per 

foot, 

lb 


Weight 

per 

foot, 

lb 

1 

1 

000 

3 400 

0 785 

2 670 

3 

9.000 

30 60 

7.069 

24.03 

Ha 

1 

129 

3.838 

0 887 

3 014 

Ha 

9 379 

31 89 

7 366 

25 04 

y* 

1 

266 

4.303 

0 994 

3 379 

Vs 

9 766 

33 20 

7.670 

26 08 

Me 

1 

410 

4.795 

1 108 

3 766 

Ha 

10 16 

34.55 

7.980 

27.13 

M 

1 

5 63 

5.312 

1 227 

4 173 

X 

10.56 

35.92 

8.296 

28 20 

He 

1 

723 

5.857 

1. 353 

4 600 

He 

10.97 

37.31 

8 618 

29 30 

H 

1 

891 

6.428 

1.48S 

5.049 

H 

11 39 

38.73 

8 946 

30.42 

1 16 

2 

066 

7.026 

1.623 

5.518 

Ha 

11 82 

40.18 

9.281 

31.56 


2 

250 

7 650 

1 767 

6.008 

H 

12 25 

41.65 

9 621 

32.71 

Ha 

2 

441 

8.301 

1.918 

6.520 

Ho 

12.69 

43.14 

9.968 

33 90 


2 

641 

8.978 

2.074 

7 051 

H 

13 14 

44.68 

10 32 

35 09 

‘Ha 

2 

848 

9.682 

2.237 

7.604 

‘Ha 

13.60 

46.24 

10.68 

36.31 

H 

3 

06 S 

10.41 

2.405 

8. 178 

X 

14.06 

47.82 

11.05 

37.56 

‘Me 

3 

285 

11.17 

2.580 

8.773 

‘Ha 

14 54 

49.42 

11.42 

38.81 

n 

3 

516 

11.95 

2.761 

9 388 


15 02 

51.05 

11.79 

40.10 

‘Me 

3 

754 

12.76 

2.948 

10.02 

‘Ha 

15.50 

52.71 

12.18 

41.40 

2 

4 

000 

13.60 

3.142 

10.68 

4 

16.00 

54.40 

12.57 

42.73 

Ha 

4 

254 

14.46 

3.341 

11.36 

He 

16.50 

56.11 

12.96 

44.07 


4 

516 

15.35 

3.547 

12 06 

H 

17.02 

57.85 

13.36 

45.44 

•Ha 

4 

785 

16.27 

3.758 

12.78 

Ha 

17.54 

59.62 

13.77 

46.83 

K 

5 

063 

17.22 

3.976 

13.52 

K 

18 06 

61.41 

14.19 

48.24 

Ha 

5 

348 

18.19 

4.200 

14.28 

He 

18.60 

63.23 

14.61 

49 66 


5 

641 

19.18 

4 430 

15.07 

H 

19.14 

65 08 

15 03 

51.11 

Ha 

5. 

941 

20.20 

4.666 

15.86 

7f a 

19 69 

66 95 

15.47 

52.58 

H 

6. 

250 

21.25 

4.909 

16.69 


20.25 

68.85 

15.90 

54.07 

'Ha 

6 

566 

22.33 

5.157 

17 53 

He 

20.82 

70 78 

16.35 

55.59 


6 

891 

23.43 

5.412 

18 40 


21.39 

72.73 

16.80 

57.12 

‘Ha 

7. 

223 

24.56 

5.673 

19.29 

‘He 

21.97 

74.70 

17.26 

58.67 


7 

563 

25.71 

5.940 

20.20 

K 

22 56 

76.71 

17.72 

60.25 

‘Ha 

7. 

910 

26.90 

6.213 

21 12 

1 Ha 

23 16 

78 74 

18.19 

61.84 


8. 

266 

28.10 

6.492 

22 07 

H 

23.77 

80.81 

18 67 

63.46 

‘Ha 

8.629 

29.34 

6 777 

23.04 

‘Ho 

24 38 

82.89 

19.15 

65.10 


Adapted from the Handbook of the Cambria Steel Company, Johnstown, Pa. 









1934 Metal-Data [Part 3 


Weights and Areas of Square and Round Steel Bars * (Continued) 

Weights are for steel, at 4&9.6 lb per cu ft 




o 

Thick¬ 

ness, 

in 

□ 

O 

Area, 
8q in 

Weight 

per 

foot, 

lb 

Area, 
sq in 

Weight 

per 

foot, 

lb 

Area, 
sq in 

Weight 

per 

foot, 

lb 

Area, 
sq in 

Weight 

per 

foot, 

lb 

5 


85.00 

19.64 

66. 76 

7 

49.00 

166.6 

38.49 

130 9 

He 

25 63 

87.14 

20 13 

68.44 

X 

52.56 

178.7 

41 28 

140.4 

H 

26.27 

89.30 

20 63 

70.14 

X 

56 25 

191.3 

44 18 

150.2 

He 

26.91 

91.49 

21.14 

71.86 

X 

60.06 

204.2 

47.17 

160 3 

X 

27.56 

93.72 

21.65 

73.60 

8 

64.00 

217.6 

50.27 

171 0 

He 

28.22 

95.96 

22.17 

75.37 

X 

68.06 

231.4 

53.46 

181 8 

H 

28.89 

98.23 

22.69 

77.15 

X 

72 25 

245.6 

56 75 

193.0 

He 

29 57 

100.5 

23.22 

78.95 

X 

76 56 

260.3 

60.13 

204.4 

X 

30.25 


23.76 

80.77 

9 

81 00 

275.4 

63 62 

216.3 

He 

30.94 

105.2 

24.30 

82.62 

X 

85 56 

290.9 

67.20 

228.5 

H 

31 64 

107.6 

24.85 

84.49 

X 

90 25 

306.8 

70.88 

241.0 

1 He 

32.35 


25.41 

86.38 

X 

95 06 

323.2 

74 66 

253.9 

X 


112.4 

25.97 

88.29 

10 

100 0 

340.0 

78.54 

267.0 

XU 

33 79 

114.9 

26.54 

90.22 

X 

105.1 

357.2 

82.52 

280 6 

X 

34.52 

117.4 

27.11 

92 17 

? 2 

110 3 

374.9 

86.59 

294 4 

1 He 

35.25 

119.9 

27.69 

94.14 

X 

115.6 

392.9 

90 76 

308.6 

6 

36.00 

122.4 

28.27 

96 14 

11 

121.0 

411.4 

95.03 

323 1 

H 

37.52 

127.6 

29.47 

100 2 

X 

126 6 

430.3 

99.40 

337 9 

X 

39 06 

132.8 

30.68 

104.3 

X 

132 3 

449.6 

103.9 

353.1 

H 

40.64 

138.2 

31.92 

108.5 

X 

138.1 

469.4 

108.4 

368.6 

X 

42.25 

143.6 

33.18 

112.8 

12 

144 0 

489.6 

113. 1 

384.5 

H 

43.89 

149.2 

34.47 

1 117.2 






X 

45 56 

154.9 

35 79 

i 121.7 






H 

47.27 

160.8 

37.12 

126.2 







* Adapted from the Handbook of the Cambria Steel Company, Johnstown, Pa. 




















1935 


Weights of Flat Bars 

Weights in Pounds of Flat Rolled Steel Bars 

PER LINEAR FOOT 

One cubic foot of steel weighs 489.6 lb 
For thicknesses from Mo in to Me in and widths from in to X in 


Width of bar, inches 


inches 

X 

Me 

*8 

Mo 

H 

Me 

X 

Hi « 

X 

mm 

0.053 

0.066 

0 080 

0.093 

0 106 

0 120 

0. 133 

0.146 

0 159 


0.066 

0 083 

0 100 

0 116 

0 133 

0 149 

0 166 

0 183 

0.199 


0.080 

0 100 

0 120 

0 139 

0 159 

0 179 

0 199 

0 219 

0 239 

■ii 

0.093 

0 116 

0 139 

0. 163 

0 186 

0 209 

0 232 

0 256 

0 279 

X 

0.106 

0. 133 

0 159 

0 186 

0.212 

0.239 

0 266 

0.292 

0.319 

Hi 

0 120 

0 149 

0.179 

0.209 

0 239 

0 269 

0.299 

0 329 

0 359 

Ma 

0 133 

0 166 

0. 199 

0 232 

0.266 

0 299 

0 332 

0 365 

0.398 

HU 

0 146 

0 183 

0.219 

0.256 

0 292 

0.329 

0.365 

0 402 

0.438 

Me 

0 159 

0 199 

0.239 

0.27Q 

0 319 

0 359 

0.398 

0.438 

0.478 

HU 

0 173 

0 216 

0.259 

0.302 

0 345 

0.388 

0.432 

0.475 

0.518 

ru 

0.186 

0 232 

0.279 

0 325 

0 372 

0 418 

0 465 

0 511 

0.558 

HU 

0 199 

0 249 

0 299 

0.349 

0.398 

0.448 

0.498 

0.548 

0.598 

X 

0.213 

0 266 

0 319 

0.372 

0.425 

0 478 

0 531 

0.584 

0 638 

HU 

0 226 

0 282 

0.339 

0 395 

0 452 

0 508 

0 564 

0.621 

0.677 

Ma 

0 239 

0 299 

0 359 

0.418 

0 478 

0 538 

0 598 

0.657 

0.717 

HU 

0 252 

0 315 

0.379 

0.442 

0 505 

0.568 

0.631 

0.694 

0.757 

Me 

0 266 

0 332 

0 398 

0.465 

0.531 

0 598 

0.664 

0.730 

0.797 

HU 

0 279 

0 349 

0 418 

0 488 

0.558 

0.628 

0.697 

0.767 

0.827 

HU 

0 292 

0 365 

0 4?8 

0 511 

0 584 

0 657 

0 730 

0.804 

0 877 

HU 

0 305 

0 382 

0 458 

0.535 

0.611 

0 687 

0 764 

0.840 

0.916 

X 

0 319 

0 398 

0.478 

0 558 

0 638 

0.717 

0 797 

0 877 

0.956 

2 >64 

0 332 

0 415 

0 498 

0 581 

0 664 

0.747 

0 830 

0 913 

0.996 

HU 

0 345 

0 432 

0 518 

0.604 

0.691 

0.777 

0.863 

0 950 

1 04 

HU 

0.359 

0 448 

0.538 

0.628 

0.717 

0.807 

0.896 

0.986 

1.08 

Me 

0 372 

0 465 

0.558 

0.651 

0.744 

0.837 

0.930 

1.02 

1.12 

HU 

0 385 

0 481 

0 578 

0.674 

0.770 

0.867 

0 963 

1 06 

1.16 

1 *>u 

0 398 

0 498 

0 598 

0.697 

0.797 

0.896 

0 996 

1.10 

1 20 

HU 

0 412 

0 515 

0.618 

0 721 

0.823 

0.926 

1.03 

1.13 

1.24 

X 

0 425 

0 531 

0 638 

0 744 

0.850 

0 956 

1 06 

1 17 

1.28 


0 438 

0 548 

0 657 

0.767 

0 877 

0.986 

1 10 

1.21 

1.31 

l 7 A 2 

0 452 

0 564 

0.677 

0 790 

0.903 

1.02 

1 13 

1 24 

1 35 

3S ( / >4 

0 465 

0.581 

0.697 

0.813 

0.930 

1.05 

1.16 

1.28 

1.39 

Me 

0.478 

0 598 

0 717 

0.837 

0.956 

1 08 

1.20 

1 31 

1 43 
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Weights in Pounds of Flat Rolled Steel Bars (Continued) 

PER LINEAR FOOT 

For thicknesses from M« to 2 in and widths from 1 to 3 in 







Weights of Flat Bars 1937 

Weights in Pounds of Flat Rolled Steel Bars (Continued) 

PER LINEAR FOOT 


For thicknesses from Ho to 2 in and widths from 3% to 7in 
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Weights in Pounds of Flat Rolled Steel Bars (Continued) 

PER LINEAR FOOT 

For thicknesses from He to 2 in and widths from 8 to 12 in 





















Rules for Estimating Weights 
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Rules for Estimating the Weight of any Piece of Wrought Iron, 
Steel or Cast Iron 


Wrought Iron. 

One cubic foot of wrought iron weighs. 480 lb 

One square foot, one inch thick, weighs. 40 lb 

One square inch, one foot long, weighs. 3% lb 


To find the weight per square foot of sheet iron, multiply the thickness in 
inches by 40. 

To find the weight per linear foot of bars of any section, multiply the cross- 
sectional area in square inches by 3}^. 


Steel. 

One cubic foot of steel weighs. 489.6 lb 

(Or just 2% more than wrought iron.). 

One square foot, one inch thick, weighs. 40.8 lb 

One square inch, one foot long, weighs. 3.4 lb 


To find the weight per linear foot, of bars of any section, multiply the cross- 
sectional area in square inches by 3.4; or, if the weight is known, the exact sec¬ 
tional area may be obtained by dividing by 3.4. 


Cast Iron. 

One cubic foot of cast iron weighs. 448.9 lb 

One square foot, one inch thick, weighs. 37}^ lb 

One square inch, one foot long, weighs. 3 x /% lb 

One cubic inch weighs. 0.26 lb 


The weight of irregular castings must be estimated by the cubic inch. 

Rules for Weights of Castings 

Multiply the weight of the pattern by 18 for cast iron, 13 for brass, 19 for 
lead, 12.2 for tin, 11.4 for zinc, the product is the weight of the casting. 

Reduction for Round Cores and Core-Prints 

Rule. Multiply the square of the diameter by the length of the core in 
inches, and the product multiplied by 0.017 is the weight of the pine core to 
be deducted from the weight of the pattern. 

Shrinkage in Castings 

f Cast iron. . J/g 

I Brass. ^16 

Lead. }/ % 

Tin.Jl2 

Zinc.^X6 


Pattern-makers’ Rule 


of an inch longer per linear foot 
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Weights of Square Cast-Iron Columns in Pounds per Linear Foot * 





* Birkmire. 

t a and b =* either side, outside measurement. 2 a 4* 2 b = number. Allowance has 
been made in this table for corners counted twice. 

Example. What is the weight per linear foot of a 12 by 16 by 1 in thick 
column? 

Solution. 2 a -f 2 b = 24 -f 32 = 56. Opposite this number, under 1-in¬ 
thick metal, we find 162.5, or weight per linear foot of a column 12 by 16 by 1- 
in-thick. 

Note. For flanges, brackets, etc., calculate the cubical contents of same 
and multiply by 0.26; cast-iron averages 448.9 lb per cu ft. 












































































Weights of Cast-Iron Columns 19 

Weights per Linear Foot of Circular Cast-Iron Columns *f 



Thickness of metal, inches 

Outside - — -•-:- 1 -j- 1 - 

diameter, iy . in iy in 1^ in, VA in, 2 in, 2% in, 2K in 



51.54 
66.30 
81.00 

* 

'S4.l' 

69.9 

85.6 

55 84 
73 02 
90.20 

57.5 
76 0 
94 3 

95.80 

101 8 

107 40 

112.8 

110 50 

117.7 

124.60 

131.2 

125 20 

133 7 

142.00 

149.6 

140.00 

149.6 

159.00 

168.0 

154.70 

165 6 

176,00 

186.4 

169.40 

181.5 

193.30 

204 8 

184.10 

197.4 

210.50 

223.2 

198.90 

213.4 

227.70 

241.6 

213.50 

229.4 

244.90 

260.0 

228.30 

245.3 

262.00 

278.4 

243.00 

261.3 

279.20 

296.8 

257.70 

277.2 

296.40 

315 2 

272.50 

293.2 

313 60 

333.6 

287.20 

309.0 

330.80 

352.1 

302.00 

325.1 

348.00 

370,5 

316.70 

341 0 

365.10 

388,9 

331 40 

I 357 0 

382 30 

407 3 


• Birkmire. 

t The table is arranged for the weight of plain shaft. For brackets, flanges, etc., cal 
culate the cubical contents and multiply by 0.26. 
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Weight of Cast-Iron Plates 
Weights, in Pounds, of Cast-Iron Plates One Inch Thick 

Calculated at 450 lb per cu ft 


Length, 

inches 




Width, 

inches 




6 in, 
lb 

8 in, 
lb 

10 in, 
lb 

12 in, 
lb 

14 in, 
lb 

16 in, 
lb 

18 in, 
lb 

20 in, 
lb 

24 in, 
lb 

30 in, 
lb 

4 

6 25 

8.3 

BOB 

12.5 

14 6 

16.6 

18.7 

20.8 

25 

31 

6 

9 37 

12.5 

15 6 

18 7 

21 8 

25 0 

28 1 

31 2 

38 

47 

8 

12 50 

16,6 

20.8 

25 0 

29 1 

33.3 

37 4 

41 6 

50 

62 

10 

15.60 

20 8 

26.0 

31.2 

36 4 

41.6 

46.8 

52 0 

63 

78 

12 

18 70 

25.0 

31.2 

37.5 

43.7 

49.9 

56.2 

62.4 

75 

94 

14 

21.80 

29.2 

36.4 

43.7 

51.0 

58.2 

65 5 

72 8 

88 

109 

16 

24.90 

33.3 

41 6 

50 0 

58.2 

66.6 

74 9 

83 2 


125 

18 

28.10 

37.5 

46.8 

56 2 

65.5 

74.9 

84.2 

93 6 

113 

140 

20 

31.20 

41.6 

52.0 

62 3 

72.8 

83.2 

93 6 

104 0 

125 

156 

22 

34.30 

45.8 

57 2 

68 6 

80. 1 

91.5 


114 4 

138 

172 

24 

37.50 

50.0 

62 4 

75.0 

87 4 

99.8 

112.3 

124 8 

150 

187 

26 

40.60 

54.0 

67.6 

81.2 

94.6 

108.2 

121 7 

135 2 

163 

203 

28 

43.60 

58.2 

72.8 

87.5 

101.9 

116.5 

131.0 

145 6 

175 

218 

30 

46.80 

62.4 

78.0 

93.7 

109.2 

124.8 

140 4 

156 0 

188 

234 

32 

49.80 

66 6 

83.2 

lOHHi] 

116.5 

133.1 

150 3 

166 4 

mmw 


36 

56.10 

75 0 

93 6 

112.5 

131.0 

150.0 

168 4 

187.2 

225 

281 


For larger plates take size of plate one-half smaller and multiply by 2. 
Thus a plate 28 by 32 in will weigh twice as much as one 14 by 32 in. P'or 
plates more or less than one inch in thickness multiply weight of plate by 
thickness in inches. 


Approximate Weights of Square-Ribbed Cast-Iron Column-Bases 

The following table, giving the weight of cast-iron column-bases, will be useful 
when estimating the steel and iron in tall buildings. * 


Size of 
square 
base, 
in 

Weight, 

lb 

Size of 
square 
base, 
in 

Weight, 

lb 

22X22 


32X32 

1 340 

24X24 

750 

34X34 

1 450 

26X26 

880 

36X36 

1 600 

28X28 


38X38 

1 720 

30X30 

1 180 

40X40 

1 850 


H. G. Tyrrell, in Architects and Builders Magazine. 
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Screw-Threads, Nuts, and Bolts 

Screw-Threads, Nuts, and Bolt-Heads 

Standard Screw-Threads 

Recommended by Franklin Institute, December 15, 1864, and adopted by Navy De¬ 
partment of the United States; by the R. R Master Mechanics' and Master Car-Builders' 
Associations; by Jones & Laughlin Steel Company; and by many other of the promi¬ 
nent engineering and mechanical establishments of the country. 



Angle of thread 60°. Flat at top and bottom X of pitch. 


Diam 

of 

screw, 

in 

Threads 
per inch 

Diam at 
root of 
thread, 
in 

Area at 
root of 
thread, 
sq in 

Diam 

of 

screw, 

in 

Threads 
per inch 

Diam at 
root of 
thread, 
in 

Area at 
root of 
thread, 
sq in 

X 

20 

0 185 

0 027 

2 

4Jj 

1.712 

2.302 

Mo 

18 

0 240 

0 045 

2 K 

4,4 

1.962 

3.023 

H 

16 

0.294 

0 068 

2K 

4 

2.176 

3 719 

Ho 

14 

0 344 

0 093 

2*4 

4 

2 426 

4.620 

X 

13 

0 400 

0 126 

3 

34 

2.629 

5 428 

H o 

12 

0 454 

0 162 

3K 

34 

2 879 

6.510 

X 

11 

0 507 

0 202 

3V 2 

3X 

3.100 

7 548 

H 

10 

0 620 

0 302 


3 

3.317 

8.641 

H 

9 

0 731 

0 420 

4 

3 

3 567 

9 963 

l 

8 

0 837 

0 550 

4 X 

2K 

3.798 

11.329 

i x 

7 

0 940 

0 694 

4 K 

2*4 

4 028 

12.753 

IX 

7 

1.065 

0 893 

4K 

2h 

4.256 

14.226 

l*/8 

6 

1 160 

1.057 

5 

24 

4.480 

15.763 

lX 

6 

1 284 

1.295 

SX 

24 

4.730 

17 572 

iy g 

5K 

1.389 

1.515 

5K 

2? t 

4.953 

19.267 

IK 

5 

1.491 

1.746 

5K 

2J s 

5.203 

21.262 

IK 

5 

1.616 

2.051 

6 

2K 

5.423 

23.098 


Nuts and Bolt-Heads are determined by the following rules, which apply to both 
square and hexagon nuts: 

Short diameter of rough nut =» V/% X diam of bolt + 3-g in. 

Short diameter of finished nut * XX X diam of bolt + Hs in. 

Thickness of rough nut =» diam of bolt. 

Thickness of finished nut = diam of bolt — Ho in. 

Short diameter of rough head « 1 Hi X diam of bolt + Y% in. 

Short diameter of finished head * 1^ X diam of bolt 4 * Ho in. 

Thickness of rough head = X short diam of head. 

Thickness of finished head = diam of bolt — Ho in. 

The long diameter of a hexagon nut may be determined by multiplying the short di¬ 
ameter by 1.155, and the long diameter of a square nut by multiplying the short diam¬ 
eter by 1.414. 
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Short Short Long Long ™ ck ' ™ ck ' Thick ‘ 

diam, diam, diam, diam, ““*£ nes ®> 

rough finished rough rough 







Weights of Bolts 1945 

Weights of One Hundred Bolts with Square Heads and Nuts 


INCLUDES WEIGHT OF NUT 

Hoopes & Townsend’s List 


Length 

under 

Diameter of bolts 

head 










to point, 

'.i in. 

c in, 

3 8 in, 

•/ia in, 

3-2 in, 

% in, 

Xin, 

H in, 

1 in, 

in 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

1 H 

4 00 

7 00 

10 50 

15 20 

22 50 

39 50 

63 00 



m 

4 40 

7 50 

11 25 

16 30 

23 82 

41 62 

66 00 



2 

4 75 

8 00 

12 00 

17 40 

25 15 

43. 75 

69.00 

109.00 

163 

2)i 

5 15 

8 50 

12.75 

18.50 

26 47 

45 88 

72.00 

113.25 

169 

2 1 £ 

5.50 

9.00 

13.50 

19.60 

27.80 

48 00 

75 00 

117.50 

174 

1 % 

5 75 

9.50 

14 25 

20 70 

29.12 

50.12 

78 00 

121.75 

180 

3 

6.25 

10 00 

15.00 

21 80 

30 45 

52.25 

81 00 

126.00 

185 

3*2 

7.00 

11 00 

16 50 

24 00 

33.10 

56.50 

87 00 

134 25 

196 

4 

7.75 

12 00 

18 00 

26 20 

35 75 

60.75 

93 10 

142 50 

207 

4312 

8.50 

13.00 

19.50 

28 40 

38 40 

65 00 

99 05 

151 00 

218 

5 

9 25 

14 00 

21.00 

30.60 

41.05 

69 25 

105.20 

159 55 

229 

5H 

10 00 

15 00 

22 50 

32 80 

43.70 

73.50 

111 25 

168.00 

240 

6 

10 75 

16 00 

24 00 

35 00 

46 35 

77 75 

117.30 

176.60 

251 

6*S 



25.50 

37 20 

49 00 

82 00 

123.35 

185.00 

262 

7 



27.00 

39 40 

51 65 

86.25 

129.40 

193.65 

273 

732 



28.50 

41 60 

54 30 

90.50 

135.00 

202.00: 

284 

8 



30 00 

43.80 

59 60 

94 75 

141 50 

210. 70l 

295 

9 




46.00 

64 90 

103.25 

153.60 

227 75 

317 

10 




48.20 

70 20 

111.75 

165.7Q 

224.80 

339 

11 




50.40 

75.50 

120.25 

,177.80 

261.85 

360 

12 




52 60 

80.80 

128.75 

189.90 

278 90 

382 

13 





86.10 

137.25 

202.00 

295.95 

404 

14 





91 40 

145.75 

214.lq 

313.00 

426 

15 





96.70 

154.25 

226.20 

330.05 

448 

16 


1 



102 00 

162 75 

238.30 

347.10 

470 

17 





107 30 

171.00 

250.40 

364.15 

492 

18 



i 


112 60 

179.50 

262.60 

381.20 

514 

19 





117 90 

188.00 

274.70 

398.25 

536 

20 





123 20 

206.50 

286.80 

415.30 

558 

Per inch 
additional 

1 137 

2 13 

! 3 07 

4 18 

5.45 

8 5? 

12 27 

16.70 

21.82 


Weights of Nuts and Bolt-Heads, in Pounds 

For calculating the weight of longer bolts 
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1946 Metal-Data 

Weights of Rivets and Round-Headed Bolts without Nuts. Steel 

POUNDS PER HUNDRED 


Length, 

in 

diam 

H in 

diam 

H in 

diam 

X in 

diam 

% in 
diam 

1 in 
diam 

1 A in 

diam 

IX in 
diam 

IX 

5.5 

12.8 

22.0 

29 3 

43 9 

66 6 

93.3 

127 

l H 

6.3 

14.2 

24.1 

32.4 

48.2 

72.1 


136 

1 X 

7.0 

15.5 

26.3 

35.5 

52.5 

77.7 

107 

145 

2 

7.9 

16.9 

28.5 

38.7 

56.7 

83.3 

114 

153 

2X 

8.7 

18.3 

30.7 

41.8 

61.0 

88 8 

121 

162 

2} 2 

9.4 

19.7 

32.8 

44.9 

65.2 

94.4 

128 

171 

2H 

10.2 

21.1 

35.0 

48.0 

69.5 


136 

179 

3 

11.0 

22.5 

37.2 

51.1 

73.7 

105 

143 

188 

3X 

11.7 

23.9 

39.3 

54.3 

78.0 

111 

150 

197 

3H 

12.6 

25.3 

41.5 

57.4 

82.3 

116 

157 

205 

3U 

13.4 

26.7 

43 7 

60.5 

86.5 

122 

164 

214 

4 

14.1 

28. 1 

45.9 

63.6 

90 8 

128 

170 

223 

4H 

14.9 

29.4 

48.0 

66. 7 

95.0 

134 

177 

231 

4 H 

15.7 

30.8 

50.2 

69.9 

99.3 

139 

185 

240 


16.5 

32 2 

52.4 

73.0 

104 

145 

192 

249 

5 

17.2 

33.6 

54.5 

76.1 

108 

150 

199 

258 

SX 

18.1 

35.0 

56.7 

79 2 

112 

156 

206 

266 

5'A 

18.8 

36.4 

58.9 

82 3 

116 

161 

213 

275 

SX 

19.6 

37.8 

61.1 

85.5 

120 

166 

220 

284 

6 

20.4 

39.2 

63.2 

88.6 

124 

172 

227 

292 

6H 

21.9 

42 0 

67.6 

95.1 

133 

184 

241 

310 

7 

23.5 

44.7 

71.9 

101 

142 

195 

255 

327 

Vi 

25.1 

47.5 

76. 1 


150 

206 

269 

345 

8 

26.6 

50.3 

80.6 

114 

159 

217 

284 

362 

m 

28.2 

53.1 

85.0 

120 

167 

227 

298 

379 

9 

29 8 

55 9 

89 3 

126 

176 

239 

312 

397 

9 X 

31.3 

58. 7 

93.7 

133 

185 

250 

325 

414 

10 

32.8 

61.4 

98.0 

139 

193 

261 

340 

431 

10 y 2 

34.5 

64.2 

103 

145 

202 

272 

354 

449 

n 

36 0 

67 0 

107 

151 

210 

284 

368 

466 

n J A 

37.6 

69.8 

111 

158 

218 

295 

382 

484 

12 

39 2 

72 5 

115 

164 

227 

306 

396 

501 

Heads.. 

1.8 

5 8 

11 1 

13 6 

22 6 

39.0 

58 0 

83.5 


For length of shaft required to form rivet-head, see Chapter XII. 
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NAILS AND SCREWS * 

Nails. Based upon the process of manufacture there are three kinds of nails 
in common use, namely, plate or cut nails, wire nails, and clinch-nails. These 
are briefly described in the following subdivisions of this article and other data 
bearing on the subject are included. 

(1) Cut Nails. Cut nails are made from a strip of rolled iron or steel of the 
same thickness as the finished nail and a little wider than its length, the fiber 
of the iron being parallel with the length of the nail. Special machinery cuts 
the nails out in alternate wedge-shaped slices, the heads are then stamped 
on them and the finished nails dropped into the casks. Cut nails made from 
iron are generally preferred for use in exposed positions. Cut nails are made 
in a variety of shapes to suit special uses. For ordinary use in building, nails 
of three different shapes are made, and the nails are called common nails, 
finish-nails and casing-nails. The common nails are used for rough work, 
finish-nails for finished work, and casing-nails for flooring, matched ceiling and 
sometimes for pine casings, although the heads are rather too large for finish- 
work. Cut nails are beginning to return to favor as they have holding power 
and lasting qualities superior to wire nails. 

(2) Brads. Brads are thin nails with a small head, used for small finish, 
panel-moldings, etc. They vary from 34 to 2 in in length. 

(3) Clout-Nails. Clout-nails arc made with broad, flat heads, and are sold 
in sizes varying from ? $ to 23 2 in in length. They are used chiefly for fasten¬ 
ing gutters and metal-work. Special nails are also made for lathing, slating, 
shingling, etc. 

(4) Wire Nails. These have of late years become as common as the cut 
nails, and are sold at about the same price. They are said to be stronger for driv¬ 
ing than the cut nails, not so liable to bend or break, especially when driven into 
hard woods, and less liable to split the wood; for these reasons they are gen¬ 
erally preferred by carpenters. Wire nails are made from wire, of the same 
section-diameter as the shank of the nail, by a machine which cuts the wire 
in even lengths, heads and points them, and, when desired, also barbs them. 
In general, the same classification is used for cut nails. It should be noticed 
that the gauge of the wire and the shape of the head vary in the different kinds, 
and that some are barbed, others plain. The various types of wire nails are 
drawn round, smooth or barbed, for the domestic trade; for export they are 
drawn oval, square, or diamond-shaped, according to the country to which 
they are to be shipped and its requirements. 

(5) Clinch-Nails. These are made from open-hearth or Bessemer-steel wire. 
Any ordinary wire nail will clinch, especially when made with duck-bill or 
flattened points for clinching purposes, or even otherwise, if annealed. These 
nails are used only in places where it is desired to turn over the ends of the 
nails to form a clinch, as in the case of battens or cleats. 

(6) Length and Weight of Nails. The length of nails is designated by pen¬ 
nies ( d’s ). Two explanations are given for the origin of this classification; 
for example, that tenpenny nails originally sold for tenpence a hundred, or that 
1 000 tenpenny nails originally weighed 10 lb. The designation is retained by 
manufacturers, both for cut and wire nails. The weights expressed in pennies 
run from two pennies to sixty pennies, the larger sizes being designated by 
fractions of an inch. The sizes and lengths of various kinds of nails and tacks 
are given in the following tables. 

* Prepared by the late Thomas Nolan. 
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(7) Sizes of Nails for Different Classes of Work. It is imperative for first- 
class work that nails of proper size should be used and to insure the best results 
it is well in certain classes of work to specify the sizes which are to be used. 
For framing, twentypenny, fortypenny and sixtypenny nails, or spikes, are 
used, according to the size of the timber. For sheathing and roof-boarding, 
underfloors and cross-bridging, tenpenny common nails should be used. For 
over-floors tenpenny floor-nails or casing-nails should be used for jointed 
boards, and nii.epenny or tenpenny for matched flooring, although eightpenny 
nails are sometimes used. Ceiling when % in thick is generally put up with 
eightpenny casing-nails, and when thinner stuff is used, with sixpenny nails. 
For inside finish any size of finish-nails or brads from eightpenny down to two¬ 
penny is used, according to the thickness and size of the moldings. For pieces 
exceeding 1 in in thickness, tenpenny nails should be used. Clapboarding i9 
generally put on with sixpenny finish-nails or casing-nails. Threepenny to 
fourpenny are used for shingling and slating, and threepenny for lathing. 
For slating, galvanized nails should be used, and they are also better for shin¬ 
gling. Whether wire or cut nails should be used may generally be left to the 
builder; but in places where there is any danger of the nails being drawn out 
either by the warping of the boards or from the pull of the nail, cut nails 
should be used, as they have greater holding power than the wire nails under 
certain conditions. In regard to the comparative holding power of cut nails 
and wire nails, and barbed nails and smooth nails, and tests made to determine 
this property, see tables under (9). 

(8) Copper and Brass Nails. Nails are also made of copper and cast brass, 
and these are sometimes used in connection with boat-building, refrigerator- 
work, etc. One wing of the Physical Laboratory Building of Harvard College 
is put together entirely with brass and copper. As the rooms were intended 
for use in delicate electrical work, no iron was used in their construction. 

(9) Cement-coated Wire Nails. The coating consists of various resinous 
gums mixed by a secret formula, and put on the nails by a baking-process 
which involves the use of quite complicated machinery. Although the chief 
market for coated nails is among the users of packages to be shipped, there is 
a limited market for them among builders, for construction-purposes. The 
chief merit of the coating is that it gives the nail an adhesive resistance approx¬ 
imately twice that of ordinary wire nails. This quality appeals especially to 
the manufacturers and users of packages to be shipped, for which strength is 
particularly wanted. It is desirable for construction-purposes also, but the 
lack of holding power in plain wire nails is not so apparent in building. About 
90% of the output goes to box-factories and large shippers. Cement-coated 
nails are quite widely used, also, in laying both ordinary and parquetry- 
flooring. The use of these nails, with a special head which leaves a small hole, 
gives a firm floor and prevents springing. Though the makers do not claim 
that the nails are absolutely rust-proof, they do claim that nails thus treated 
will resist the effects of moisture from 20 to 50% better than the uncoatcd 
wire nails. But it is when in use that the non-rusting quality is most evident. 
There is more coating on the nails than is actually necessary for holding power. 
The heat caused by the friction of driving the nail softens the coating and the 
surplus is forced toward the head, completely closing the opening; this pre¬ 
vents the admission of moisture between the wood and the nail. Under 
similar conditions, the life of a cement-coated nail will be about twice as long 
as that ot an uncoated one. Less force is needed to drive a coated nail as 
the softened coating forms a lubricant. These nails are made in two types, 
differing only in the heads, and are either coolers or sinkers. The former 
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have large flat heads; the latter, heads slightly reinforced by counter-sinking. 
They are made to replace common nails, in sizes from in to 1 in, and are 
used for framing, boarding, shingling and staging, and for boxes and crates. 
Results of tests made with cement-coated nails to determine their adhesive 
resistance in comparison with the common smooth-wire nails are given below. 

The following table shows the result of tests made at the United States 
Arsenal, Watertown, Mass., in 1902, the wood being pine: 


Comparative Adhesive Resistance of Common Smooth-Wire Nails 
and Cement-Coated Nails 

All nails were driven into the same piece and were perpendicular to the grain 


Size and name 

Diameter, 

in 

Length 

driven,* 

in 

Adhesive 

resistance,! 

lb 

Tenpenny, common, smooth. 

0 145 

2 }i 

167 

Tenpenny, coated 

0 117 

2'A 

418 

Ninepenny, common, smooth . 

0 152 

2H 

182 

Ninepenny, coated 

0 114 

2X 

327 

Eightpenny, common, smooth 

0 132 

2 

189 

Eightpcnny, coated 

0 112 

2 

316 

Sixpenny, common, smooth 

0 097 

1*8 

106 

Sixpenny, coated 

0 092 

l H 

226 


* All of the nails were left with their heads projecting from } 4 to A in. 
t Average of three trials. 


Holding Power of Nails. A committee appointed by the Wheeling nail- 
manufacturers, a number of years ago, to test the comparative holding power 
of cut and wire nails, published the following data. The kind of wood is not 
named. The effect of barbs is slight, and definite conclusions await complete 
tests. 


Pounds Required to Pull Nails Out 



Cut 

Wire 


Cut 

Wire 

Twentypenny 

1 593 

703 

Sixpenny . 

383 

200 

Tenpenny 

COS 

315 

Fourpenny . 

286 

123 

Eightpenny 

597 

227 





The holding power of nails varies with the kind of wood into w'hich they are 
driven. Austin T. Byrne gives the relative holding power of woods as about 
as follows: White pine, 1; yellow pine, 1.5; white oak, 3; chestnut, 1.6; 
beech, 3.2; sycamore, 2: elm, 2; basswood, 1.2. 

Comparative Holding Power of Cut and Wire Nails 

Very thorough tests of the comparative holding power of wire nails and cut 
nails of equal lengths and weights were made at the U. S. Arsenal in 1892 
and 1893. From forty series, comprising forty sizes of nails driven in spruce 
wood, it was found that the cut nails showed an average superiority of 60.50%, 
the common nails showing an average superiority of 47.51% and the finishing- 
nails an average of 72.22%. In eighteen series, comprising six sizes of box- 
nails driven into pine wood, in three ways the cut nails showed an average 
superiority of 99.93%. In no series of tests did the wire nails hold as much as 
the cut nails. 
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Quantity of Nails Required for Different Kinds of Work 


For 1 000 shingles'* allow 3H to 6H lb fourpenny nails or 3H to lb threepenny 

X 000 laths, 7 lb threepenny fine, or for 100 sq yd of lathing, 10 lb threepenny 
fine 

1 000 sq ft of beveled siding, 18 lb sixpenny 
1 000 sq ft of sheathing, 20 lb eightpenny or 25 lb tenpenny 
1 000 sq ft of flooring, 30 lb eightpenny or 40 lb tenpenny 
1 000 sq ft of studding, 15 lb tenpenny and 5 lb twentypenny 
1 000 sq ft of 1 by 2H-in furring, 12-in centers, 9 lb eightpenny or 141b ten- 
penny 

1 000 sq ft of 1 by 2}'2-in furring, 16-in centers, 7 lb eightpenny or 101b 
tenpenny 


* Depends upon width and length or shingles and kind of nails. 


Cut Steel Nails and Spikes 

Sizes, lengths, and approximate number per pound 


Taken from the Handbook of the Cambria Steel Company 
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Steel-Wire Nails, Spikes, and Tacks 

SIZE, LENGTH, GAUGE AND APPROXIMATE NUMBER TO THE POUND 

Compiled from Catalogue of American Steel and Wire Company 
American Steel and Wire Company’s gauge 



* Common brads differ from common nails only in the head and point, 
t Lengths are the same as common nails for corresponding size. 

| Spikes are made with chisel-points and diamond points; also with convex heads and 
flat heads. 
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Steel-Wire Nails (Continued) 


Clinch-nails 

Fence-nails* 

Slating-nails* 


Length, 

in 


Number 


Number 


Number 

Size 

Gauge 

to 

Gauge 

to 

Gauge 

to 



pound 


pound 


pound 

2d 

1 

14 

710 

No 5 smallest 

12 

411 

3 d 

IK 

13 

429 


104 

225 

4 d 

1)5 

IK 

12 

274 



104 

187 

5 d 

12 

235 

10 

142 

10 

142 

6d 

2 

11 

157 

10 

124 

9 

103 

7 d 

8 d 

2 X 

2 4 

11 

10 

139 

99 

9 

9 

92 

82 

Barbed roofing-nails f 

9 d 

2 H 

10 

90 

8 

62 

K"X No 13 

714 

10 d 

3 

9 

69 

7 

50 

4"X No 12 

469 

12 d 

3M 

9 

62 

6 

40 

1" X No 12 

4J1 

16 d 

34 

8 

49 

5 

30 

14"X No 12 

365 

20 d 

4 

7 

37 

4 

23 

14" X No 11 

251 


• Length same as clinch-nails of corresponding si^e. 

f Roofing-nails are designated by the length, not by penny. These nails are made in 
lengths up to 2 in. 

Wire-Tacks 


Title, 

ounce 

Length, 

in 

Number 

per 

pound 

Title, 

ounce 

Length, 

in 

Number 

per 

pound 

Title, 

ounce 

Length, 

in 

Number 

per 

pound 

1 

X 

16 000 

4 

ho 

4 000 

14 

1 la 

1 143 

IX 

Ho 

10 666 

6 

Ho 

2 666 

16 

h 

1 000 

2 

X 

8 000 

8 

4 

2 000 

18 


888 

24 

Ho 

6 400 

10 

Ul6 

1 600 

20 

1 

800 

3 

H 

5 333 

12 

U 

1 333 

22 

1 1 1 0 

727 







24 

1/8 

666 


Wire carpet-tacks are made polished, blued, tinned, or coppered, there are also uphol¬ 
sterers’ and bill-posters’ or railroad tacks. 


Expansion-Bolts. These are commonly used for bolting 
wood or iron to masonry that is already built. A hole is 
drilled in the masonry of such size that the expansion-nut will 
fit closely, and when the bolt is screwed up the nut expands 
and binds firmly in the masonry. The illustration shows the 
Evans expansion-bolt, which is also furnished with screw- 
head bolts. There are other forms of expansion-bolts on the 
market. From experiments on expansion-bolts it was found 
that the holding capacity was 264 lb per sq in when embedded 
in 1:2 Portland-cement mortar, 843 per sq in when em¬ 
bedded in sulphur and 485 lb per sq in when embedded in 
lead. For average working unit-stresses it is safe to use 
about one-fifth of the values given. When the work is exposed to rain or 
moisture sulphur should not be used as the acid which results will rust the 
metal and will also tend to disintegrate the mason work at the point of entrance 
of the bolt. 
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Screws. The substitution of screws for nails in building operations is a 
marked feature of modern work. Trimming hardware of all descriptions is put 
on with screws, and a great deal of panel-work, inside finish, etc, is put to¬ 
gether with them. Stop-beads, the casings of plumbing-fixtures, etc., should be 
fastened with screws, as well as all kinds of store and office-fixtures, and cab¬ 
inet-work in general, except where the joints are glued. Screws are also largely 
used in making furniture. They present a neater appearance than nails, have 
greater holding power and are less apt to injure the material if it should be 
removed and replaced. By making holes for the screws with a bit, all danger of 
splitting the finish is averted. The ordinary type of screw has a gimlet-point 
by which it can be turned into the wood without the aid of a bit. The heads 
are made in various forms to suit different uses. Screws are made ordinarily 
of steel, but sometimes of brass and bronze. The latter sort are used for 
screwing in place finished hardware of the same material, and have heads fin¬ 
ished to correspond with the trimmings. Steel screws, also, are finished with 
blue, bronze, lacquered, galvanized, or tinned surface, to match the cheaper 
class of trimmings. The galvanized finish is used in building operations at the 
seashore. Screws with blue surface, called blued screws, are generally used 
with japanned hardware and for stop-beads, and wherever a cheap round- 
headed screw is desired. Silver, nickel, and gold-plated screws are also manu¬ 
factured for use in connection with similar hardware. Steel screws for wood 
are made in twenty different lengths, varying from Y\ to 6 in, and each length 
of screw has from six to eighteen varieties in 
thickness, there being in all thirty-one differ¬ 
ent gauges; so that altogether there are in 
the market about two hundred and fifty dif¬ 
ferent sizes of ordinary screws used for 
woodwork. The most common shapes are 
the ordinary flat head, round head and oval 
head. The oval-head screw is tapered for 
countersinking but is slightly rounded on top 


Lag and Coach-screws 


Patent diamond-point steel screws are made especially for driving with a 
hammer. These can be driven with a hammer their entire length into any 
hard wood, and then held by one or two turns as securely as the ordinary 
screw. In ordering screws both the length and number of the gauge or diam¬ 
eter of the shank, the material and finish, and the use to which they are to 
be put, should be given 

Screws for Metal have the same diameter throughout and the threads are 
V-shaped. 


Sizes of Screws. The sizes of screws are given in length in inches and the 
number of the gauge, the gauge denoting the diameter. Thus, a 1-in No. 12 
screw is 1 in long and 0.2158 in in diameter. The gauge-numbers range from 
0 to 30 and the lengths from to 6 in. The lengths vary by eighths of an 
inch up to 1 in, by quarters of an inch up to 3 in and by halves of an inch up 
to 5 in. Screws from to 4}^ in long are made in about sixteen different 
gauge-numbers. Table XIII, Chapter XI, gives the diameter to four places 
in decimals of an inch of the American screw-gauge. It should be noticed 
that, unlike the ordinary wire-gauges, the 0 of the screw-gauge indicates the 
diameter of the smallest screw while the diameter of the screw increases with 
the number of the gauge. 

Lag-Screws and Coach-Screws are large, heavy screws used where great 
strength is required, as in heavy framing, and for fixing ironwork to timber. 
Lag-screws with conical point are made with diameters of % 6* /4t JKe» 
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%,and 1 in, and in lengths from to 12 in; coach-screws in diameters 
from to % in and in lengths from \%to 12 in. For putting in lag-screws 
a hole should be bored which has a diameter a little greater than the un¬ 
threaded shank of the screw and it should be bored to a depth corresponding 
to the length of the unthreaded shank. A second hole should then be bored 
at the bottom of the first hole of a diameter somewhat less than that of the 
threaded shank and to a depth of about half its length. 


Holding Power of Lag-Screws 


Kind of wood 

Size of 
screw, 
in 

Size of 
hole 
bored, 
in 

Length 

in 

wood, 

in 

Maximum 

resist¬ 

ance, 

lb 

Number 

of 

tests 

Seasoned white oak. 

X 

H 

4>2 

8 037 

3 

Seasoned white oak. 

?i* 

IU \ 

3 

6 480 

1 

Seasoned white oak. 

} 2 

H : 

4» j 

8 780 


Yellow-pine stick 

X 

H 

4 

3 800 


White cedar, unseasoned 

X 

H 

4 

3 405 



Hoopes & Townsend give the force required to draw screws out of yellow 
pine as follows: 


Screw. 






Wood, depth... 

3H m 

4 960 

4 in 

6 000 

4 m 

7 685 

5 in 

11 500 

6 m 

12 620 

Force, pounds. 


Wooden-screws are sold by the gross, lag-screws and coach-screws by the 
pound. 


DATA ON EXCAVATING 

Excavating is almost invariably measured by the cubic yard of 27 cu ft. For 
measuring excavations of irregular depth see Part I. For computing the con¬ 
tents of wells and cesspools, the circular area in square feet may be obtained 
from the table of Areas and Circumferences, Part I, and this circular area 
multiplied by the depth in feet will give the contents in cubic feet. The cost 
of excavating and removing earth is ordinarily made up of the following items: 

(1) Loosening the earth for the shovclers; 

(2) Loading by shovels into carts or barrows: 

(3) Hauling or wheeling it away, including emptying and returning; 

(4) Spreading it out on the dump; 

For every large job, such as railroad-work, it is also necessary to make an 
allowance for keeping the hauling-road in repair, for sharpening and repair of 
tools, and for carts, harness, superintendence and water-carriers. Where the 
dirt excavated can be spread over the ground immediately surrounding the 
excavation the loosened dirt may be removed by scrapers without shoveling. 
Today, practically all excavations are made by mechanically operated shovels, 
steam, gasoline or electric; hauling is performed by trucks or tractors. 

Data for Estimating Cost of Loosening Earth. Two men with a plough and 
team of horses will loosen from 20 to 30 cu yd of strong, heavy soil per hour or 
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from 40 to 60 cu yd of ordinary loam. One man with a pick will loosen l}*$yd 
per hour of stiff clay or cemented grave 1, 4 yd of common loam, or 6 yd of light 
sand. 

The average quantity of loosened earth that a man can shovel into a cart 
per hour is: 


Loam or sand. 2.0 cu yd 

Clay and heavy soils. 1.7 cu yd 

Rock. l.Ocuyd 


Average earth when loosened swells to from 1% to 1times its original 
bulk in place. 

The capacity of vehicles used for moving excavated materials is about as 


follows: 

Wheelbarrows. 3 to 4 cu ft 

One-horse dump-carts. 18 to 22 cu ft 

Two-horse dump-wagons... 27 to 45 cu ft* 

Drag-scrapers. 3 to 7 cu ft 

Wheel-scrapers. 10 to 17 cu ft 

Dump-cars on rails. 27 to 80 cu ft 

Steam shovels.. ^ cu yd 

Motor trucks.. x to 5 tons 


The Economical Length of Haul with drag-scrapers is about 150 ft; with 
wheeled scrapers, 500 ft; with wheelbarrows, 250 ft; with one-horse dump- 
carts, 600 ft.f The average speed of horses is given as about 200 ft per minute. 

Weight of Earth, Sand and Gravel. For general calculations the following 
average values may be taken: 


14 cu ft of chalk weigh 1 ton 19 cu ft of gravel weigh 1 ton 

18 cu ft of clay weigh 1 ton 22 cu ft of sand weigh l ton 

21 cu ft of earth weigh 1 ton 


Rock-Excavation. A cubic yard of rock, in place, w hen broken up by blasting 
for removal by wheelbarrows or carts, will occupy a space of about cu yd; 
consequently, the cost of hauling or removal is about 50% more than for dirt. 


DATA ON STONEWORK 

Kinds of Stonework. The commonest kind of stonework, that is, for walls, 
is called rubble work. No work whatever is done on the stones except to 
break them up with a hammer. If the wall is built in courses it is designated 
coursed rubble. When the stones showing on the outside face of the wall 
are squared, the work is designated ashlar. Ashlar is of two kinds: coursed 
ashlar, in which the stones are laid to form courses around the building, all 
of the stones in any course being of the same height, and broken ashlar, in 
which stones of different heights are used. Hammer-dressed ashlar desig¬ 
nates work where the stones are roughly squared with a hammer. This is a 
very cheap class of work. Good ashlar work should be squared on the bench 
with chisels, and with beds and end-joints cut square to the face. Stonework 

• The ordinary load for two-horse wagon# such as are commonly used for hauling dirt 
sand and gravel is from 1 M to 1 Y% cu yd 
t Inspectors’ Pocket-Book, by A. T. Byrne. 
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which requires a chisel or any other tool except a hammer for dressing is 
called cut work. Cut work costs considerably more than hammer-dressed 
work. 

Measurement of Stonework. Rough stone from the quarry is usually sold 
under two classifications: rubble-stone and dimension-stone. Rubble in¬ 
cludes the pieces of irregular size most easily obtained from the quarry, and 
suitable for cutting into ashlar 12 in or less in height and about 2 ft long. 
Stone ordered to be of a certain size, to square over 24 in each way and to be 
of a particular thickness, is called dimension-stone. The price of the latter 
varies from two to four times the price of rubble. Rubble is generally sold 
by the ton or carload. Footings and flagging are usually sold by the square 
foot; dimension-stone by the cubic foot. In Boston, granite blocks for 
foundations are usually sold by the ton. 

In Estimating on the Cost of Stonework put into a building, the custom 
varies with different localities, and even among contractors in the same city. 
Dimension-stone footings, that is, squared stones 2 ft or more in width, are 
usually measured by the square foot. If built of large rubble or irregular 
stones the footings are measured in with the wall, allowance being made for 
the projections of the footings. Rubblework is almost universally measured 
by the perch of 16j^ cu ft. In Philadelphia, St. Louis and some sections of 
Illinois, 22 cu ft are called a perch. Railroad-work is usually measured by the 
cubic yard. When stonework is let by the perch, the number of cubic feet 
to the perch should be stated in the contract, and it should be stated, also, 
whether or not openings are to be deducted. As a rule no deductions are 
made for openings of less than 70 superficial feet. 

Data for Estimating Cost. A ton of most of the different kinds of stones 
will make from 1 perch to lj<£ perches. 

The cost of laying one perch of stone may be estimated by the following 
items: 

Labor: mason 2% hrs, helper 1% hrs, based on two helpers to three masons; 
sand load; lime % bu, or if laid in all-cement mortar, one perch will require 
from to M bbl of cement. 

DATA ON BRICKS AND BRICKWORK * 

Definition of Brick. The American Ceramic Society f defines brick as 
“A structural unit in the form of a rectangular prism (usually solid and 
8 X 3% X 2J4 in in size). In the present state of the art the term ‘brick,* 
when used without a qualifying adjective, is generally understood to mean a 
structural unit of clay or shale formed while plastic and subsequently fired. 
When substances other than clay or shale are employed, such as lime and sand, 
cement and sand, fire-clay, adobe, etc., the term ‘brick* should be suitably 
qualified.** 

Manufacturing Methods. Manufacturing processes, while varied in char¬ 
acter, consist essentially of screening, grinding and working the clay to the 
desired consistency for molding, whether by hand or machine. After molding 
the brick are dried and then burned in kilns for many hours at high tempera¬ 
tures, approximately 2 000° F. These processes tend to purify the raw prod- 

* Much of the material in this section is compiled from data furnished by the Common 
Brick Manufacturers* Association of America. 

f Journal American Ceramic Society, Vol. II, No. 6, June, 1928. 
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uct, make it uniform and homogeneous, bum out all combustible matter 
and result in a product which is both chemically stable and physically per¬ 
manent. 

Trade Names. Trade names are derived from the methods of manufacture. 
Placing soft mud in molds is known as the soft-mud process. Forcing the 
clay from the orifice of an augur or extrusion machine in a continuous column 
and then cutting brick of the column is called the stiff-mud process. Molding 
relatively dry clay under high pressure is the dry-press method. Brick are 
sand-molded if the molds are coated with sand to facilitate the removal of 
the brick. If the molds are wetted for the same purpose the brick are water- 
struck. Brick made in the extrusion machines are end-cut or side-cut 
according to the face that is cut as the molded column leaves the machine. 

Appearance of Brick. The character of clay, or mixtures of clays and 
shales, the manner of molding or forming, the manner and degree of burning, 
all influence the appearance of the brick. The whole sweep of color, in smooth 
to rough textures, is available, from the severe tones of pearl grays or creams, 
through buff, golden and bronze tints of the descending scale of reds, down 
to purples, maroons, and even gun-metal blacks. All of the foregoing applies 
to what are known as common brick, which are used for all purposes, including 
facing. Some demands and usage have led to the controlled production of 
specific surface treatments, and bricks so specially processed and used in 
exposed masonry surfaces go by the trade name of face-brick. 

Size and Weight of Brick. In the United States the American Society for 
Testing Materials has standardized the size of building brick as follows: 
“The standard sizes shall conform to the following dimensions, with a permis¬ 
sible variation, plus or minus, of q in in depth, in in width and in in 
(ergth.” While there are still some departures from these standards, and 
while, in the opinion of some, changes therefrom are desirable, the majority 
of manufacturers now conform to them. Specific gravity of building brick 
ranges from approximately 1.57 for medium-burned, dry-press surface day 
brick to 2.32 for very haid-burned stiff-mud shale brick. 


Type 

Depth, 

in 



Common brick 

2H 

3H 

8 

Rough-face brick . 

2 H 

3*4 

8 

Smooth-face brick... ... 

2H 

318 

8 


Classification. There is a very considerable range in the compressive 
strength of brick, owing to variations in raw materials, methods of manufac¬ 
ture and degree of burning. The examination of tests of several thousand 
brick indicates, for instance, an average minimum compressive strength of 
1 659 lb per sq in and an average maximum of 22 500 lb per sq in. It is probably 
a safe assertion that more than 75 per cent of all brick now manufactured in 
the United States have an average compressive strength of more than 3 000 lb 
per sq in. In its standard specifications for building brick (A.S.T.M. Designa¬ 
tion: C 62-29), the American Society for Testing Materials has established 
the following classification: * 

* The classifications are based on strength and do not necessarily measure weather* 
resistance. 
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Name of grade 

Compressive strength 
(bricks flatwise), 
lb per sq in 

Modulus of rupture 
(bricks flatwise), 
lb per sq in 

Mean of 
five tests 

Individual 

minimum 

Mean of 
five tests 

Individual 

minimum 

Grade A... 

4 500 or over 




Grade B . 

2 500-4 500 


450 or over 


Grade C. 

1 250-2 500 

_l 





The U. S. Government Master Specifications make use of another classi* 
fication based upon transverse breaking load and absorption characteristics, 
as follows: 

Physical Requirements 


Class 

Absorption, 
per cent 

Transverse breaking load, 
lb, 7-in span 

Average 
of five 

Individual 

maximum 

Average 
of five 

Individual 

minimum 

V. 

5 or less 

6 

2 170 or more 

1 450 

H. 

5 to 12 

15 

1 080 or more 

725 

M . 

12 to 24 

28 

810 or more 

540 

S. 

24 or more 

No Limit 

540 or more 

360 


It is now seriously questioned by investigators,* however, that the water- 
absorption of building brick is a measure of its durability or tendency to 
transmit water. 


Fire-Bricks are ordinarily made from a mixture of flint clay and plastic clay. 
They are usually white, or white mixed with brown, in color and are used for 
the lining of furnaces, fireplaces and tall chimneys. 

Paving Brick. Paving brick are very hard brick, usually annealed. They 
are seldom used in building. The American Society for Testing Materials 
has included the following in its Tentative Specifications for Paving Brick 
(A.S.T.M. Designation: C 7-29T): 

Note, The sizes and varieties recognized by the Permanent Committee 
on simplification of Varieties and Standards for Vitrified Paving Brick of the 
U. S. Department of Commerce given below are recommended for use where- 
ever practicable: 

Plain wire-cut (vertical fiber 
lugless as usually laid). . .. 

Wire-cut lug (Dunn). 

Repressed lug. 


Depth, in 

Width, in 

Length, in 

2H 

4 

s a 

3 

4 

8 x- 


4 

8 H 

3 


sy 2 

4 

$ X A 

8'A 

4 

3M 



• Report of Committee C-3 on Brick for 1928, Proc. Am. Soc. Test. Mat. 28 (2): 306-10 
(1928). 

H. Kreuger, Investigations of Climatic Actions on the Exterior of Buildings. 

J. W. McBumey, Water Absorption and Penetrability of Brick, Proc. Am. Soc. Test 
Mat. 29 (2): 711-30 (1929). 
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The above sizes and varieties are those recognized by the Permanent 
Committee for the year 1929, and are subject to change from year to year. 

Lime-Mortar Bricks. General Description. Sand-lime bricks were 
originally made of lime mortar, molded in brick form and hardened by exposure 
to the air. Such bricks are said to have been largely used in ancient times, 
and it is claimed that remains of such materials are now in evidence and in 
a good state of preservation. It is known that they were formerly used in 
Europe in localities where other materials were not readily available, and that 
they have been used in some localities in this country during the past thirty- 
five years. The writer knows of several houses in Haddonfield, N, J., built 
of such bricks, generally with the exterior surfaces plastered. One of them, 
however, said to be about twenty-five years old, has not been plastered, and 
an inspection (1915) shows the bricks to be in an excellent state of pres¬ 
ervation. Lime-mortar bricks harden by the absorption of carbonic-acid gas 
from the air. This gas enters into combination with the lime, forming carbon¬ 
ate of lime. The hardening process requires several weeks’ exposure under 
cover and the product has not virtues sufficient to commend it where other 
materials are available. 

Sand-Lime Bricks. It was discovered in Germany about 1875 that lime- 
mortar bricks could be hardened in a few hours under heat r.nd pressure, and it 
was found later that the chemical reaction under the new process differs essen¬ 
tially from that just described, and that the percentage of lime can be greatly 
reduced. Sand-lime bricks were first made in Germany about 1880, and the 
more extended commercial development of the industry dates back in Europe 
to about 1888, and in this country, to about 1900. 

Manufacture of Sand-Lime Bricks. Pure silica sand, mixed with from 5 to 
10% of high-calcium lime and a certain proportion of water, is molded under 
very high pressure into the form of bricks. These are piled loosely on cars 
holding about 1 000 bricks each and placed in a steel cylinder large enough to 
hold from 10 to 20 cars The cylinder is then closed and steam is turned in 
and maintained at a pressure of from 120 to 135 lb to the square inch for from 
8 to 10 hours, when the cylinder is opened and the bricks removed, ready for 
use. The tremendous pressure, which is said to be 100 tons on each brick, 
under which the bricks are formed, causes great density and a bringing of the 
component elements into close contact. The heat in the cylinder dries the 
bricks and causes a chemical reaction between the lime and a portion of the 
silica, forming a hydrosilicate of lime, an insoluble and durable element, which 
bonds the remaining particles of the sand together and forms a comparatively 
strong cementing material. The small residue of uncombined lime combines, 
in the course of time, either with silica or with carbonic-acid gas from the air, 
until no free lime remains. The bricks thus become harder and stronger with 
age. In regard to the constitution of sand-lime bricks, Edwin C. Eckel says. 
“It may be safely assumed that a sand-lime brick as marketed consists of 
(1) sand-grains held together by a network of (2) hydrous lime silicate, with 
probably (if a magnesian lime is used) some allied magnesium silicate, and 
(3) lime hydrate or a mixture of lime and magnesia hydrates. These three 
elements will always be present, and the structural value of the brick will 
depend in large part on the relative percentage in which the sand and the 
hydrates occur.” 

Quality of Sand-Lime Bricks. The quality of the product depends mainly 
upon the selection and treatment of the sand and the lime. Pure silica sands, 
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containing a large percentage of fine grains passing through screens of from 80 
to 150 mesh, are preferable. Clay or kaolin are dangerous elements and 
should not be present in quantities of more than 5%. The lime should be, 
preferably, high-calcium lime, the magnesium silicates formed by impure 
limes not being as strong as calcium silicates. Some manufacturers use ready- 
hydrated lime, others hydrate the lime themselves, before mixing it with the 
sand, and others grind the quicklime, mix it with the sand and slake it in the 
sand. The other most important element affecting quality is the press. 
After pressing and before steaming, the bricks are very fragile and the press 
should be such that they are subjected to no shaking or friction after the 
pressure is removed from the mold. Vertical clay-brick presses have been 
commonly used, but do not appear to be well adapted to the purpose. The 
rotary table-presses seem to be most successful. 

Tests of Sand-Lime Bricks. If the sand is reasonably clean and pure, and 
the lime finely divided, and if the bricks are sound and have a good metallic 
ring, they will stand weather-exposure well. If a brick stands in still water for 
an hour and the moisture rises more than 3^ in, it is not a first-class brick; 
if the moisture rises 2 in, its use for facings is questionable; and if the moisture 
rises 3 in, it should not be used on outside work of any importance. Authentic 
tests have been made for crushing, fire-resistance, frost-resistance, acid- 
resistance and absorption, from which it may be concluded that under proper 
conditions of manufacture sand-lime bricks are produced having the following 
physical characteristics: Crushing strength, average, between 2 500 and 
3 000 lb per sq in, although some specimens have shown over 5 000 lb per 
sq in; modulus of rupture, average, about 450 lb per sq in; fire-resistance, 
but little inferior to that of fire-brick; frost-resistance, generally good, acid- 
resistance, superior; absorption, from 7 to 10% in 48 hours; rate of absorption, 
slower than for clay bricks; average absorption for complete saturation, 14%; 
reduction of compressive strength by saturation for absorption-test, average 
33%. 

Special Properties of Sand-Lime Bricks. The bricks are square, straight, 
uniform in size and homogeneous in composition and density. They cleave 
accurately under the stroke of the trowel and present a weather-surface with 
the good qualities of stone. They can be cut, carved or sand-blasted, are 
easily washed clean and show no efflorescence. These claims are well estab¬ 
lished for properly manufactured sand-lime bricks. It should be further 
stated that common bricks and facings are made in the same press, the only 
difference being in the selection of the materials and in the handling of the 
raw bricks. It is therefore claimed that a rational and homogeneous exterior 
wall-structure is possible, since backings and facings may be built and 
bonded in even courses, with Flemish or other ornamental bonds. Some 
factories, however, manufactured, at first, inferior bricks and care should still 
be taken in selections from their outputs. Frequently, the ordinary rims of 
sand-lime bricks are not as strong as the average clay building bricks and 
some of them are too low in their resistance to frost. 

Colors of Sand-Lime Bricks. The natural color is pearl-gray, varying in 
warmth with the composition of the sand. Permanent colors are produced by 
introducing mineral oxides with the raw materials in quantities varying ac¬ 
cording to the intensity of color desired; but as the oxides are foreign mate¬ 
rials in the bricks, they affect the quality of the latter in proportion to the 
quantity used. 



Estimating Quantities of Brickwork 


1961 


Glazed and Enameled Bricks. The terms glazed bricks and enam¬ 
eled bricks as commonly used, refer practically to the same product, and 
neither includes what is known as salt-glazed brick. The enameled or 
glazed bricks are generally dipped or sprayed and then burned, whereas the 
salt-glaze is obtained by the introduction of salt into the fire-boxes of kilns 
while the bricks are being burned. Glazed or enameled bricks are generally 
divided into two classes: (1) true enameled bricks, which have a glaze contain¬ 
ing the coloring matter applied to it without any intermediate slip; (2) bricks 
which have a transparent glaze placed over a white or colored slip, the slip 
coming between the glaze and the material to be glazed. The latter is the 
process most used in this country. Manufacturers differ as to which process 
produces the best bricks although it would seem as though the true enamel 
would not chip or peel as readily. These bricks can be made in a variety of 
colors, from white to dark green or chocolate, and either in a highly glazed 
finish or in a dull, satin-finish, the latter finish being quite desirable in 
many instances on account of its doing away with the glare of the more highly 
glazed bricks or tiles. An enameled surface may be distinguished from a 
glazed surface by chipping off a piece of the brick. The glazed brick will show 
the layer of slip between the glaze and the body of the brick; while the enam¬ 
eled brick will show no line of demarcation between the body of the brick and 
the enamel. American enameled and glazed bricks are now extensively used 
for the exterior surfaces of buildings, particularly for street-fronts and light- 
courts, and for interior side walls and partitions of rooms or buildings used for 
a great variety of purposes. 

Sizes of Enameled Bricks. Enameled bricks are made in two regular sizes: 
(1) English size, 9 by 3-in enameled surface, 4j^-in bed, and (2) American size, 
8jg by 2%-in enameled surface, 4%-in bed. The English-size bricks cost 
more than the American, but on account of the saving in the number of 
bricks, labor of laying and mortar in joints, the former effect a saving. Enam¬ 
eled bricks are made, also, with a 12 by 4jd?-in enameled surface, 2%-n\ bed. 

Colors of Enameled Bricks. The standard colors carried in stock are white, 
cream, buff, black, blue, jreen, etc. 

Estimating Quantities of Brickwork 

Methods of Calculation. With the adoption of standard sizes for brick 
the former practice of “rule of thumb” calculations is rapidly giving way to 
accurate methods of determining quantities of materials and labor, which 
with unit costs known for a given locality, result in dependable estimates. 

Measurements. Surface areas of walls are determined, making deductions 
for all openings. Dimensions of foundations, piers and chimneys are also 
essential. With this information in hand, the following tables may be used 
to advantage. These tables are conservative in so far as labor is concerned 
and are based upon that required for carefully faced exterior work. For 
rougher work, the amount of labor required may be reduced, while for intri¬ 
cate work of any character, an increase will be necessary. 
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Footings. Piers and Chimneys 

Footings: quantities for 100 lin ft 


Construction 

Number 
of brick 

Cu ft of 
mortar 

Approximate 
time laborer, 
hours 

Approximate 
time brick¬ 
layer, hours 


mm 

39 

18 

15 


mVXm 

48 

22 

16 


4 592 

78 

36 

24 

Piers: quantities for 10-ft height 

8 X 12-in solid 

124 

2 25 

1 00 

1 75 

12 X 12-in solid 

185 

3 25 

1 50 

2 50 

12 X 16-in solid 

247 

4 SO 

2 00 

3.25 

10% X 10%-in hollow brick 





laid on edge 

113 

1 00 

1.25 

2.00 

Chimneys: quantities for 10-ft height 

8 X 8-in flue 

259 

4 50 

2 00 

3 50 

12 X 12-in flue 

345 

6 00 

2 75 

4.50 

12X12 and 8X12-in flues 

539 

8 50 

4.00 

7.25 

8 X 8-in flue. 

173 

3.00 

1.50 

2.25 

12 X12-m flue. 

238 

4 00 

1.75 

3.25 

12 X12 and 8 X 12-m flues 

367 

6.50 

2 75 

5.00 


Materials Required for Mortar. The following quantities of materials 
are required for 1 000 cu ft of mortar, lump lime in 180-lb barrels, hydrated 
lime in 50-lb sacks, cement in 94-lb sacks: Lime mortar, 1 : 2}^—57 bbl, 
lump lime or 350 sacks of hydrated lime and 37 cu yd of sand; lime mortar, 
1 : 3—47 bbl of lump lime or 292 sacks of hydrated lime and 37 cu yd of sand; 
cement-lime mortar, 1:1: 6—130 sacks cement, 24 bbl lump lime or 146 
sacks hydrated lime and 37 cu yd sand; cement mortar, 1 :2—442 sacks 
cement, 16 bbl lump lime or 92 sacks hydrated lime and 34 cu yd sand; 
cement mortar, 1 : 3—331 sacks cement, 12 bbl lump lime or 69 sacks hy¬ 
drated lime and 39 cu yd sand; cement mortar, 1 : 4—264 sacks cement, 
10 bbl lump lime or 55 sacks hydrated lime and 41 cu yd sand. Note: Cement 
mortars have 10% of the cement content, by weight, replaced with lime. 


LIME * 

Nature and Properties of Lime. Chemically, lime is calcium oxide. Used 
in a broader sense, it is the class-name of a great variety of products manu¬ 
factured by the calcination of limestone. Limestone consists of the car¬ 
bonates of calcium and magnesium which vary widely in their ratio to each 
other. The limestones used in the manufacture of lime products may be 

* Valuable practical data relating to lime and plaster have been furnished by the Charles 
Warner Company, of Wilmington, DeL 
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divided into two classes, calcium limestones and dolomitic limestones. 
High-calcium limestones contain only a relatively low percentage of magne¬ 
sium carbonate, while dolomitic limestones contain a considerable amount of 
it. Dolomitic limestone usually corresponds roughly to the theoretical 
formula of dolomite (CaC0 3 ) (MgC0 3 ). The calcination of limestone 
consists of heating to expel the carbon dioxide. The product resulting from 
calcination of limestone is known as quicklime and possesses great affinity 
for water. Slaking is the process of adding water to quicklime. During the 
process of slaking, heat is energetically evolved and much of the water driven 
off in the form of steam. During this slaking process, also, high-calcium 
quicklimes must be agitated and stirred continually or a portion will fail to 
receive the proper quantity of water and will contain unslaked particles which 
are likely to slake after being used in the work, causing popping, pitting and 
disintegration. Dolomitic limes do not slake so energetically, and while they 
should be stirred while slaking, this is not so necessary as with high-calcium 
limes. Either class of quicklime, through faulty manufacture, is likely to 
contain over-burned portions which slake with difficulty and may cause pop¬ 
ping, etc., if the lime-paste is not carefully screened before use. The setting 
and hardening of common lime mortar is due, first, to the drying out and 
secondly, to the absorption of carbon dioxide from the atmosphere and the 
formation of crystals of calcium carbonate to which the strength of the mortar 
is ascribed. In the manufacture and use of common lime mortar, therefore, 
the raw material, limestone, is first calcined, and the carbon dioxide expelled; 
it is then slaked with water and forms calcium hydroxide, in which the water is 
gradually replaced by carbon dioxide. The lime thus eventually returns to its 
original carbonate form. As far as the ultimate result is concerned, there is 
generally little difference between high-calcium and dolomitic quicklimes. 
Owing to greater familiarity with one or the other of the classes of lime, archi¬ 
tects and builders in certain sections of the country prefer one to the other. 

Specifications for Quicklime. The lime industry has been made the subject 
of careful study and the following clauses give the various requirements of 
Standard Specifications for Quicklime adopted by the American Society for 
Testing Materials. 

1. Definition. Quicklime is a material the major part of which is calcium 
oxide or calcium and magnesium oxides, which will slake on the addition of 
water. 

2. Grades. Quicklime is divided into two grades: 

(a) Selected. Shall be well-burned, picked free from ashes, core, clinker or 
other foreign material. 

(b) Run-of-Kiln. Shall be well-burned, without selection. 

3. Forms. Quicklime is shipped in two forms: 

(a) Lump. Shall be kiln-size. 

(b) Pulverized Lime. Lump lime reduced in size to pass a J^-in screen. 

4. Classes. Quicklime is divided into four classes: (a) High-Calcium; 
( b ) Calcium; (e) Magnesian; ( d ) High-Magnesian. 

5. Basis of Purchase. The particular grade, form and class of quicklime 
desired shall be specified in advance by the purchaser. 

I. Chemical Properties and Tests 
(A) Sampling 

6. I in Bulk. When quicklime is shipped in bulk, the sample shall be 
so taken that it will represent an average of all parts of the shipment from top 
to bottom, and shall not contain a disproportionate share of the top and bot- 
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tom layers, which are most subject to changes. The samples shall comprise 
at least 10 shovelfuls taken from different parts of the shipment. The total 
sample taken shall weigh at least 100 lb and shall be crushed to pass a 1-in ring 
and quartered to provide a 15-lb sample for the laboratory. 

7. Lime in Barrels. When quicklime is shipped in barrels, at least 3% of 
the number of barrels shall be sampled. They shall be taken from various 
parts of the shipment, dumped, mixed and sampled as specified in Section 6. 

8. Laboratory Samples. All samples to be sent to the laboratory shall be 
immediately transferred to an air-tight container in which the unused portion 
shall be stored till the quicklime is finally accepted or rejected by purchaser. 

(B) Chemical Tests 

9. Chemical Properties. ( a ) The classes and chemical properties of 

quicklime shall be determined by standard methods of chemical analysis. 
(5) Samples shall be taken as specified in Sections 6, 7 and 8. ( c) Quicklime 

shall conform to the following requirements as to chemical composition: 


Chemical Composition 


Properties 

High- 

calcium 

Calcium 

Magnesium 

High- 

magnesium 

considered 

Select¬ 

ed 

Run 

of 

kiln 

Select¬ 

ed 

Run 

of 

kiln 

Select¬ 

ed 

Run 

of 

kiln 

Select¬ 

ed 

Run 

of 

kiln 

Calcium oxide, per 
cent 

Magnesium oxide, per 
cent. 

Calcium oxide plus 
magnesium oxide, 

90 

(min) 

90 

(min) 

85-90 

85-90 

10-25 

10-25 

25 

(mm) 

25 

(min) 

min, per cent. 
Carbon dioxide, max, 

' 90 

85 

90 

85 

90 

85 

90 

85 

per cent 

Silica plus alumina 
plus oxide of iron, 

3 

5 

3 

5 

3 

5 

i 

3 

5 

max, per cent 

5 

7 5 

5 

7.5 

5 

7.5 

5 

7.5 


II. Physical Properties and Tests 

10. Percentage of Waste. An average 5-lb sample shall be put into a box 
and slaked by an experienced operator with sufficient water to produce the 
maximum quantity of lime putty, care being taken to avoid burning or drown¬ 
ing the lime. It shall be allowed to stand for 24 hours and then washed 
through a 20-mesh sieve by a stream of water having a moderate pressure. No 
material shall be rubbed through the screens. Not over 3% of the weight of 
the selected quicklime nor over 5% of the weight of the run-of-kiln quicklime 
shall be retained on the sieve. The sample of lump lime taken for this test 
shall be broken so that all of it will pass a 1-in screen and be retained on a 
in screen. Pulverized lime shall be tested as received. 
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m. Inspection and Rejection 

11. Inspection, (a) All quicklime shall bfe subject to inspection. 

( b ) The quicklime may be inspected either at the place ol manufacture or 
the point of delivery, as arranged at time of purchase. 

(c) The inspector representing the purchaser shall have free entry, at all time9 
while work on the contract of the purchaser is being performed, to all parts of 
the manufacturer’s works which concern the manufacture of the quicklime 
ordered. The manufacturer shall afford the inspector all reasonable facilities 
for inspection and sampling, which shall be so conducted as not to interfere un¬ 
necessarily with the operation of the works. 

(d) The purchaser may make the tests to govern the acceptance or rejection 
of the quicklime in his own laboratory or elsewhere. Such tests, however, 
shall be made at the expense of the purchaser. 

12. Rejection Unless otherwise specified, any rejection based on failure 
to pass tests prescribed in accordance with these specifications shall be reported 
within five days from the taking of samples. 

13. Rehearing. Samples which represent rejected quicklime, shall be pre¬ 
served in air-tight containers for five days from the date of the test-report. In 
case of dissatisfaction with the results of the tests, the manufacturer may make 
claim for a rehearing within that time. 

Hydrated Lime. The slaking of quicklime is an operation which is almost 
invariably carried on by laborers who have little or no conception of the impor¬ 
tance of their task. As a result, many failures have been charged to lime in the 
past which actually were due to improper preparation during the slaking opera¬ 
tion. The new product known as hydrated lime has been offered widely to 
the trade in recent years and has met with much success. Hydrated lime is a 
dry flocculent powder resulting from the slaking of quicklime by mechanical 
means, with an amount of water which is sufficient to satisfy the calcium oxide, 
but insufficient to make a paste or putty. Hydrated lime is manufactured in 
mechanical hydrators in which the batches of quicklime and water used are 
carefully proportioned by weight. After passing from the hydrator, hydrated 
lime is subjected to a mechanical system of separation which eliminates the 
coarse or impure particles which may cause popping, etc. Hydrated lime is 
sold in bags of definite weight and requires only to be mixed with sand and 
water to make the mortar. The bags have usually been made of heavy burlap 
or duck cloth, containing 100 lb, or of paper, containing 40 lb. Several of the 
more prominent manufacturers of hydrated lime in the United States employ 
chemists who regularly superintend the manufacture of hydrated lime, just as 
the chemists in Portland-cement factories superintend the proportioning of 
the raw mix going to the kilns to be burned for Portland cement. The 
hydrated lime manufactured under such chemical supervision is a reliable 
product free from tendencies which might give rise to popping, pitting or dis¬ 
integration. Hydrated lime of good quality may be used for almost any pur¬ 
pose for which lime mortar is used, and is by some considered a more reliable 
product than quicklime. Among the newer uses for hydrated lime maybe 
mentioned its employment in cement mortars and concrete. An addition of 
about 15% of hydrated lime to cement mortar or concrete decreases its per¬ 
meability to water, reduces the cracking due to shrinkage, etc., and increases 
the plasticity of the mortar or concrete, thus preventing separation of the 
sand, stone and cement and causing the mixture to flow and fill the forms 
more readily. 

Specifications for Hydrated Lime. The following clauses give the various 
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requirements of Standard Specifications for Hydrated Lime adopted by the 
American Society for Testing Materials. 

1. Definition. Hydrated lime is a dry flocculent powder resulting from 
the hydration of quicklime. 

2. Classes. Hydrated lime is commercially divided into four classes: 

(а) High-Calcium; ( b) Calcium; (c) Magnesian; ( d) High-Magnesian. 

3. Basis of Purchase. The particular type of hydrated lime desired shall 
be specified in advance of purchase. 

I. Chemical Properties and Tests 

4. Sampling. The sample shall be a fair average of the shipment. Three 
per cent of the packages shall be sampled. The sample shall be taken from the 
surface to the center of the package. A 2-lb sample to be sent to the labora¬ 
tory shall immediately be transferred to an air-tight container, in which the 
unused portion shall be stored until the hydrated lime has been finally accepted 
or rejected by the purchaser. 

5. Chemical Properties (a) The classes and chemical properties of 
hydrated lime shall be determined by standard methods of chemical analysis. 

(б) The non-volatile portion of hydrated lime shall conform to the following 
requirements as to chemical composition: 

Chemical Composition 


Properties 

considered 

High- 

calcium 

Calcium 

Magnesian 

High- 

magnesian 

Calcium oxide, per 
cent . .. 

90 (min) 

85-90 



Magnesium oxide, 
per cent ... 



10-25 

25 (min) 

Silica plus alumina 
plus oxide of iron, 
max, per cent 

5 

5 

5 

5 

Carbon dioxide, 
max, per cent . 

5 

i 

5 

5 

5 

Water. 

Sufficient to 

Sufficient to 

Sufficient to 

Sufficient to 


hydrate the 

hydrate the 

hydrate the 

hydrate the 


calcium-ox¬ 

calcium-ox¬ 

calcium-ox¬ 

calcium-ox¬ 


ide content 

ide content 

ide content 

ide content 


II. Physical Properties and Tests 

6. Fineness. A 100-g. sample shall leave by weight a residue of not over 
5% on a standard 100-mesh sieve and not over 0.5% on a standard 30-mesh 
sieve. 

7. Constancy of Volume. Hydrated lime shall be tested to determine its 
constancy of volume in the following manner: Equal parts of hydrated lime 
under test and volume-constant Portland cement shall be thoroughly mixed 
together and gauged with water to a paste. Only sufficient water shall be 
used to make the mixture workable. From this paste a pat about 3 in in diam¬ 
eter and in thick at the center, tapering to a thin edge, shall be made on a 
clean glass plate about 4 in square. This pat shall be allowed to harden 24 
hours in moist air and shall be without popping, checking, cracking, warping 
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or disintegration after 5 hours’ exposure to steam above boiling water in a 
loosely closed vessel. 


III. Packing and Marking 

8. Packing. Hydrated lime shall be packed either in cloth or paper bags 
and the weight shall be plainly marked on each package. 

9. Marking. The name of the manufacturer shall be legibly marked or 
tagged on each package. 

IV. Inspection and Rejection 

10. Inspection, (a) All hydrated lime shall be subject to inspection. 

(b) The hydrated lime may be inspected either at the place of manufacture 
or the point of delivery, as arranged at the time of purchase. 

( c ) The inspector representing the purchaser shall have free entry, at all 
times while work on the contract of the purchaser is being performed, to all 
parts of the manufacturer’s works which concern the manufacture of the 
hydrated lime ordered. The manufacturer shall afford the inspector all 
reasonable facilities for inspection and sampling, which shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

(d) The purchaser may make the tests to govern the acceptance or rejection 
of the hydrated lime in his own laboratory or elsewhere. Such tests, however, 
shall be made at the expense of the purchaser. 

11. Rejection. Unless otherwise specified, any rejection based on failure 
to pass tests prescribed in these specifications shall be reported within five 
working days from the taking of samples. 

12. Rehearing. Samples which represent rejected hydrated lime shall be 
preserved in air-tight containers for five days from the date of the test-report. 
In case of dissatisfaction with the results of the tests, the manufacturer may 
make claim for a rehearing within that time. 

Neat Lime. A number of lime manufacturers are at present making a 
product called neat lime under various trade names. It is composed of vari¬ 
ous percentages of lime and cement together with hair or fiber, and is used 
for interior plastering as well as exterior stucco. It is sold in 50-lb paper 
sacks, and when mixed with sand and water is ready for use. This material, 
being more sound-absorbing than the gypsum plaster and not being injured by 
dampness or exposure to water as in the case of gypsum, has certain advan¬ 
tages. In some cases on exterior work an additional amount of cement is 
added to this neat lime to give it greater strength. 

Useful Data on Quicklime. Quicklime is shipped either in barrels or in bulk. 
In dry climates it will keep for a long time in bulk, but in damp climates and 
along the coast it soon slakes unless enclosed in barrels By Act of Congress, 
August 23, 1916, it is required that lime in barrels shall be packed only in 
barrels containing 280 lb or 180 lb, net weight. When shipped in bulk it is 
generally sold by the bushel of 80 lb, Z l /2 bushels or 280 lb, net, of lime being 
considered as equivalent to a large barrel. Other weights are 180 lb, net, per 
small barrel, and 64 lb per cu ft. The average yield of lime-paste from the 
best Eastern limes has been found to be 2.62 times the bulk of unslaked lime. 
A barrel of good quality well-burned lime should make 8 cu ft, or 20 pails, of 
lime-paste or putty. Careful experiments conducted by United States engi¬ 
neers have demonstrated that the best mortar is obtained by mixing one part 
of lime-paste to two parts of sand. 
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SAND AND GRAVEL 

Sand is obtained from banks or pits, from river-beds and from the seashore. 
Pit-sand or bank-sand, free from clay or earthy materials, is generally consid¬ 
ered the best for mortar, although excellent sand is often obtained from river¬ 
beds. Sea-sand contains alkaline salts which attract and retain moisture and 
which, unless thoroughly washed, cause efflorescence when used in brickwork. 
Both sea-sand and river-sand have more or less rounded grains, to which lime 
or cement will not adhere as well as to sharp, angular grains. Both are exten¬ 
sively used, however, for lack of better materials. The use of sand in mortar 
is to prevent excessive shrinkage and to save the cost of lime or cement. Sand, 
when used in the proportion of 1:2, strengthens lime mortar, but any addition 
of sand to cement weakens it. 

Screening Sand. Sand for mortar must ordinarily be screened. Sand for 
brown mortar for plastering or common brickwork is ordinarily run through a 
No. 4 screen having 4 by 4 meshes to the inch. For sand finish and mortar for 
pressed brickwork, either a No. 10 or a No. 12 screen with 10 by 10 or 12 by 
12 meshes to the inch is commonly used. For rubble stonework the sand is 
not ordinarily screened, unless it contains much gravel, in which case it 
should be screened through a %-in mesh. 

Weight of Sand. Dry sand weighs from 80 to 115 lb per cu ft. The aver¬ 
age weight of damp (not wet) sand is about 96 lb per cu f„, or about 2 600 lb 
per cu yd. The voids for ordinary sand range from 0.3 to 0.5 of the volume, 
the average for screened sand suitable for mortar being 0.35 of the volume. 
The more uneven the grains in size the smaller the percentage of the voids. 
A one-horse load of sand contains about 22 cu ft. Two-horse loads vary from 
1}^ to 2 yd. 1 yi yd is a fair load, 1 Yl yd a good load and 2 yd a large load. 

PLASTER LATH, LATHING AND PLASTERING 

Wooden Laths should be well seasoned, free from sap, bark and dead knots. 
Bark on laths is quite sure to stain the plaster. White pine is generally con¬ 
sidered the best wood fer laths, although spruce and hemlock laths are much 
used. Hard pine is not a good material, as it contains too much pitch. The 
regular size of laths is in by 1% in by 4 ft. The width and thickness vary 
somewhat in different mills. Laths are sold by the thousand, in bundles 
containing 100 laths. 

Metal Lathing. (See Chapter XXII.) 

Insulation Boards made of cane and wood fiber, cork, etc., are now being 
used extensively as a base for plaster work. Care must be exercised in 
their erection, however, so that warping may be reduced to a minimum. It 
is advisable that the instructions given by the manufacturer be carefully 
followed. 

Plastering on laths is generally done in three coats. The first coat is called 
the scratch-coat; the second, the brown coat, and the third, the white 
coat, skim-coat, or finish. On brickwork or stonework the scratch-coat is 
generally omitted. For first-class work each coat should be permitted to dry 
thoroughly before the next coat is applied, and under no circumstances should 
the finish-coat be applied before the brown coat is thoroughly dry. When 
plastering is applied to insulation boards two-coat work is often found to be 
adequate. 
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Drawn Work is a brown coat applied to a scratch-coat from the same staging, 
immediately after the scratch-coat is applied. It is a little cheaper than dry 
scratch, and much of it is done in the Western States. 

The Scratch-Coat should always be made rich in lime, and should contain 
bu of hair, or an equivalent quantity of fiber to each cask of lime, or 1 bu 
of hair to 2 of lime. A proportion of one part lime-paste to two parts of sand 
will require 1 cask (2}^ bu) of lime to bbl of screened sand. 

The Brown Coat should contain 1 cask (2^2 bu) of lime to 7 bbl of screened 
sand, and 1 bu of hair to 5 of lime. Very little plaster is mixed by measure, 
however, the usual custom being to mix as much sand with the slaked lime as 
the mortar-mixer thinks it will stand and give satisfaction, the tendency being 
always to make the lime go as far as possible. 

The Third or Finishing Coat is designated by various terms, such as skim- 
COAT, white coat, putty-coat, sand-finish, etc. The skim-coat as used in 
the Eastern States is generally composed of lime-putty and washed beach-sand 
in equal proportions. 

Sand Finish, which has a rough surface resembling coarse sandpaper, is 
mixed in the same way, only that coarser sand and more of it is used, and it is 
finished with a wooden or cork-faced float. 

White Coating or Hard Finish generally means a composition of lime-putty 
and plaster of Paris, to which marble-dust is sometimes added. Plaster of 
Paris and marble-dust when used should not be mixed with the lime-putty 
until a few moments before using, and no more should be prepared at one time 
than can be used up at once, as it soon sets, after which it should not be used. 
The skim-coat or hard finish should be finished with a steel trowel and wet 
brush. The more the work is troweled the harder it becomes. A superior 
hard finish is obtained by mixing 4 parts of Best’s Keene’s cement to 1 part 
lime-putty. 

Mortar by Plastering. To make sure that the lime is well slaked, it is cus¬ 
tomary to require that the mortar for plastering shall be mixed at least seven 
days before it is used. 

Hair such as is used by plasterers is obtained from the hides of cattle, and 
after being washed and dried is put up in paper bags, each bag being supposed 
to contain 1 bushel of hair when beaten up. Each package is supposed to 
weigh from 7 to 8 lb but the weight often falls short. Asbestos and Manilla 
fiber are both used in place of hair; they are cleaner than hair and are said 
to be less injured by the lime. It is much better to add the hair to the lime- 
paste after it is cold and before mixing in the sand, as hot lime, and the 
steam caused by the slaking, burn or rot the hair so as to greatly weaken it. 
The common practice is to put the hair in the mortar-box, run off the hot 
lime as soon as it is slaked, throw in the sand and mix the whole together. It 
is then thrown out of the box into a pile and a new batch mixed up. 

Machine-Made Mortar. In many cities plants have been equipped for the 
mixing of mortar by machinery. Machine-mixed mortar is better than the 
ordinary hand-mixed mortar, for the reason that time can be given for the lime 
to slake, the lime and sand can be accurately measured, and the hair and lime 
are not mixed with the lime until just before delivery. The mixing may also 
be more thoroughly and evenly done by machinery than is possible by hand. 

Improved Wall-Plasters. Owing to the difficulty of obtaining sufficient 
space in building operations in central sections of large cities to properly slake 
sufficient lime mortar to carry on the plastering with the necessary speed, other 
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kinds of plastering materials have come into existence in recent years. These 
are known as gypsum plasters or hard-wall plasters. The base of these 
products is calcium sulphate or gypsum which has been calcined to partially 
expel the water. The setting and hardening of these products is dependent 
upon their combining chemically with the gauging water and crystallizing in 
the same chemical form as the material possessed before calcination. All 
hard-wall plasters contain material added for the purpose of controlling the 
set. The straight calcined gypsum sets in a very few minutes, which time 
would be entirely too short to permit the workmen to apply the plaster to the 
wall and straighten it up before it had set. These plasters are characterized, 
also, by their inability to carry as much sand as lime mortar. Many of them 
contain other substances, such as clay or hydrated lime, added to improve 
their plasticity. Hard-wall plasters manufactured in the eastern part of 
of the United States from rock-gypsum invariably contain 15%, more or less, 
of clay or hydrate, added for this purpose. Plasters made in Kansas, Okla¬ 
homa, Texas and other Western and Southwestern States are made from 
earth-gypsum. In the case of these materials, clay and hydrated lime are not 
added, for the reason that the earth-gypsum contains considerable clay mat¬ 
ter, which renders further additions unnecessary. 

Use of Hard-Wall Plasters. Hard-wall plasters are found to be very con¬ 
venient in cases where space and time are the most important elements in the 
building operation. They set more rapidly than lime plas‘ ers, thus permitting 
the white coating and finishing of the job to be completed earlier. While hard- 
wall plasters become extremely hard, this property is sometimes considered 
objectionable, as it may give rise to what is called the sounding-board effect. 

Keene's Cement Plasters. As distinguished from the ordinary hard-wall 
plasters, there exists another class of gypsum-products which, however, are 
somewhat different in the method of preparation and behavior. In the man¬ 
ufacture of these materials, the gypsum is calcined, immersed in a bath of 
alum or similar chemical and recalcined. The name Keene’s cement is 
usllly applied to these materials, which are made by several manufacturers in 
this country. These are slow-setting and ultimately attain great strength 
and hardness. Keene’s cement is generally used with considerable lime-putty 
or hydrated lime. The use of equal parts of hydrated lime and Keene’s cement 
in making a plastering material is often recommended and found in speci¬ 
fications. (See Neat Lime.) 

Advantages of Improved Wall-Plasters. Among the advantages gained by 
the use of these plasters are uniformity in strength and quality, extra hardness 
and toughness, freedom from pitting, saving in time required in making and 
drying, minimum danger from frost while being applied and before set, less 
weight and moisture in the building, and, in some cases, greater resistance to 
the action of fire. 

Measuring Plasterers' Work, Lathing is always figured by the square yard 
and is generally included with the plastering, although in small country towns 
the carpenter often puts on the laths. Plastering on plane surfaces, such as 
walls and ceilings, is always measured by the square yard, whether it is one- 
coat, two-coat, or three-coat work, or lime or hard plaster. In regard to 
deductions for openings, custom varies somewhat in different parts of the 
country and also with different contractors. Some plasterers allow one-half 
the area of openings for ordinary doors and windows, while others make no 
allowance for openings of less than 7 sq yd. 
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Miscellaneous Details. Returns of chimney-breasts, pilasters and all strips 
less than 12 in in width should be measured as 12 in wide. Closets, soffits of 
stairs, etc., are generally figured at a higher rate than plain walls or ceilings, 
as it is not as easy to get at them. For circular or elliptical work, domes or 
groined ceilings, an additional price is made. If the plastering cannot be done 
from trestles an additional charge must be made for staging. 

Cornices and Moldings. Stucco cornices and molded work are generally 
measured by the superficial foot, measuring on the profile of the molding. 
When less than 12 in in girth they are usually rated as 1 ft. For each internal 
angle 1 lin ft should be added, and for external angles, 2 lin ft. For cornices 
on circular or elliptical work an additional price should be charged. Enriched 
moldings are generally figured by the linear foot, the price depending upon the 
design and size of the mold. 

Quantities of Materials for Lathing and Plastering 

Miscellaneous Data. To cover 100 sq yd requires from 1 400 to 1 500 laths, 
or say 1 450 for an average job, and 10 lb of threepenny fine nails. 

Three-coat plastering on wooden laths, plaster-of-Paris finish, will require 
from 10 to 12 bu of lime, 1 ]/2 cu yd of sand, 2 bu of hair and 100 lb of plaster of 
Paris per 100 sq yd. 

If the finish-coat is omitted, deduct 2 bu of lime and all of the plaster of 
Paris. 

If sand-finished, omit th; plaster of Paris and add cu yd of sand. 

To cover 100 sq yd with two coats on brick or stone walls, the brown coat 
and finishing coats, will require from 8 to 10 bu of lime, l}^ cu yd of sand, and 
100 lb of plaster of Paris, to 100 sq yd. 

Using Best’s Keene’s cement for brown mortar and Keene’s finish on 
expanded-mctal lath will require, for brown mortar, 550 lb of cement, 5j^ bu 
of lime, 2 cu yd of sand and 2 bu of hair; for the finish, 300 lb of cement and 
1 bu of lime per 100 yd. 

Hard plasters on expanded metal lath, plaster-of-Paris finish, require, for 
brown mortar, 2 000 lb of plaster and 2 cu yd of sand; for the finish, 1 bu of 
lime and 100 lb of plaster of Paris per 100 yd. 

DATA ON LUMBER AND CARPENTERS’ WORK 

Relative Hardness of Woods. Taking shell-bark hickory as the highest 
standard of our forest-trees, and calling that 100, other trees will compare with 
it for hardness as follows: 


Shell-bark hickory. 

. .. 100 

Pignut hickory. . . . 

96 

White oak. 

. . . 84 

White ash... 

77 

Dogwood. 

... . 75 

Scrub-oak. 

. 73 

White hazel. 

. 72 

Apple-tree. 

. 70 

Red oak. 

. 69 

White beech. 

. 65 

Black walnut. 

. 65 

Black birch. 

. 62 


Yellow oak. . 60 

Hard maple . . . .56 

White elm. . 58 

Red cedar . 56 

Wild cherry ... 55 

Yellow pine . 54 

Chestnut . 52 

Yellow poplar. 51 

Butternut . 43 

White birch. 43 

White pine. 30 
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Weight of Rough Lumber per 1 000 Feet 


BOARD-MEASURF, APPROXIMATE 


Kind of wood 

Green from 
saw, 
lb 

Shipping- 

dry, 

ib 

Well- 

seasoned, 

lb 

Kiln-dried, 

lb 

Ash . 





Chestnut 

4 600 


3 500 

3 200 

Hemlock. 

4 200 

3 000 



Maple, hard . . 

5 400 

4 150 

3 900 

3 400 

Maple, soft .. 

5 000 

3 650 

3 300 

3 000 

Oak, red 

5 500 

4 250 

4 000 

3 400 

Oak, white. 

5 700 

4 500 

4 100 

3 600 

Pine, long-leaf . . . 

4 500 

3 500 



Pine, white 

3 500 

2 500 

2 400 

2 200 

Poplar 

4 000 

3 000 

2 900 

2 400 

Spruce 

3 150 

2 700 

2 300 

2 200 

Sycamore 

4 750 

3 200 

3 000 


Walnut, black .... 

4 900 

4 000 

3 800 



Framing-Lumber may commonly be purchased in any of the following nomi¬ 
nal sizes, except that common pine, spruce, and hemlock cannot usually be 
obtained in larger sizes than 12 by 12 in. 


Nominal Sizes of Framing-Lumber 


in 

in 

in 

in 

2X4 

3 X 6 

4X12 

8X12 

2X6 

3 X 8 

4X14 

8X14 

2X8 

3X10 

6X 6 

10X10 

2 X10 

3X12 

6X 8 

10X12 

2 XU 

3X14 

6X10 

10X14 

2 X14 

3X16 

6X12 

10X16 

2 X16 

4 X 4 

6X 14 

12X12 

2HXU 

4X 6 

6X16 

12X14 

2hXl4 

4X 8 

8 X 8 

12X16 

2HX16 

4X10 

8X10 

14X14 

14X16 


In some of the New England mills, the following sizes, also, are sawed: 
2 by 3, 2 by 5, 2 by 7, 2 by 9, 3 by 4 and 3 by 5 in. These sizes are not com¬ 
monly carried in stock, and in most localities would have to be obtained by 
ripping larger sizes. Most of the long-leaf yellow pine and Douglas fir is 
shipped surfaced one side AND edge, the actual dimensions being from 
in to % in, and sometimes in, scant of the nominal dimensions. When 
framing-lumber is required to be full to dimensions it should be ordered in 
the rough, and a special contract made on that understanding. 

Lengths of Framing-Timbers. All timber is cut and sold in even lengths, as 
10, 12, 14, 16, 18, 20 ft, etc. Odd and fractional lengths are counted as the 
next higher even length; consequently it is, in certain cases, possible and 
economical to plan buildings so that timbers of even lengths may be used 
without waste. 
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Measurement of Rough Lumber. All rough lumber is sold by the foot, 
board-measure, one foot being the equivalent of a board 1 ft wide, 1 ft long, 
and 1 in thick. To compute the board-measure in any board, plank, or tim¬ 
ber, divide the nominal sectional area, in inches, by 12, and multiply by the 
length in feet. Thus the number of feet in a 2 by 4-in scantling, 8 ft long-* 
<2 X 4/12) X 8 « 5 34 ft, board-measure. A 10-in board, 12 ft long, contains 
(1 X 10/12) X 12 m 10 ft, board-measure. Extensive tables are published 
showing the feet, in board-measure, for almost any commercial size of timber. 
The following table, however, although compact, will enable one to readily 
estimate the number of feet in any of the standard sizes of boards, planks, or 
timbers. To use the table, find the product of the lateral dimensions of the 
cross-section; then in the column having a heading equal to this product, and 
in the horizontal line opposite the given length will be found the number of 
feet in board-measure. Thus, for a 3 by 4, 2 by 6, or 1 by 12-in timber look 
in the column headed 12; for a 2 by 12, 4 by 6, or 3 by 8-in piece, look in the 
column headed 24. For lengths not given in the table, take either twice the 
length and divide by 2, or one-half the length and multiply by 2. Where 
timbers of the same size abut end to end, it economizes labor in reducing to 
board-measure to take the full length; for this reason the lengths in the table 
are carried beyond those for single sticks. 

Measurement of Finishing-Lumber, Flooring, Ceiling, Etc. Most, if not all, 
lumber for finishing is sawed for use in thicknesses of 1 in, lJ4 in, 134 in, and 
2 in, and some woods, such as white pine and poplar, are sawed into thick¬ 
nesses of 234 in and 3 in. 

When surfaced both sides, the thickness is reduced to i«e. me. 

1%. 2J4, and 2*34 6 in. 

All dressed stock is measured and sold strip-count, that is, full size of rough 
material necessarily used in its manufacture. Thus l}-f 6 -in boards arc meas¬ 
ured as though 134 in thick. The number of feet, board-measure, for 134-in 
stock (13^6 finished) is 134 times that in a 1-in board, and in the same way for 
lJ4-in and 23^-m stock, ljq-in planks are always measured 2 in thick, and 
234'in stock, 234 in thick. Boards less than 1 in thick are measured the 
same as 1-in boards, but for ^g-in and %-in stock a reduced price is generally 
made. 

Matched Ordinary Flooring. The standard sizes for flooring (other than 
hardwood, parqueting or parquet-flooring) are 1 by 3, 1 by 4 and 1 by 6; or 
134 by 3, 1 34 by 4 and 134 by 6. The thickness of 1-in flooring should be 1 %6 
in, and of 134-in flooring, 1%2 in. 3-in flooring should show 234 in on the face, 
after it is laid; 4-in, 3J4 in; and 6-in, 534 in. 

Matched Maple Flooring is usually made in 2-in, 234-in and 3J4“in face, and 
in thicknesses of 1 ?16. Ul6 and l He in- 

Ceiling, matched and beaded boards, are regularly made in the same widths 
as flooring. The standard (nominal) thicknesses of yellow-pine ceiling are 
34, and % in, the actual thickness of each being 34e in less. The J4-in 
ceiling is dressed one side only, the other thicknesses both sides. 

Yellow Pine Drop*Siding. Dressed and matched yellow pine drop-siding is 
J4 by 334 and J4 by 5J4 in, showing 3J4 and 534-in face; and worked shiplap 
is $4 by 334 and J4 by 534 in, showing 3 and 5-in face. 

Beveled Siding is resawed on a bevel from stock ^6 by 334 and by 
534 in, after surfacing. 
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* The measurements in these columns come out in eren feet 








































* The measurements in these columns come out in even feet. 
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Length 
in feet 

. 

Size and sectional area in inches 

120 

10X12 

ft* 

140 

10X14 
ft in 

144 

12X12 

ft* 

160 

10X16 
ft in 

.. . 

168 

12X14 

ft* 

192 

12X16 

ft* 

196 

14X14 
ft m 

224 
14X16 
ft in 

4 

40 

46 

8 

48 

53 

4 

56 

64 

65 

4 

74 

8 

6 

60 

70 

0 

72 

80 

0 

84 

96 

98 

0 

112 

El 

8 

80 

93 

4 

96 

106 

8 

112 

128 

130 

8 

149 

4 


100 

116 

8 

120 

133 

4 

140 

160 

163 

4 

186 

8 


120 

140 

0 

144 

160 

0 

168 

192 

196 

0 

224 

0 


140 

163 

4 

168 

186 

8 

196 

224 

228 

8 

261 

4 

16 

160 

186 

8 

192 

213 

4 

224 

256 

261 

4 

298 

8 

18 

180 

210 

0 

216 

240 

0 

252 

288 

294 

0 

336 

0 

20 

200 

233 

4 

240 

266 

8 

280 

320 

326 

8 

373 

4 

22 

220 

256 

8 

264 

293 

4 

308 

352 

359 

4 

410 

8 

24 

240 

280 

0 

288 

320 

0 

336 

384 

392 

0 

448 

0 

26 

260 

303 

4 

312 

346 

8 

364 

416 

424 

8 

485 

4 

28 

280 

326 

8 

336 

373 

4 

392 

448 

457 

4 

522 

8 


300 

350 

0 

360 

400 

0 

420 

480 

490 

0 

560 

0 

32 

320 

373 

4 

384 

426 

8 

448 

512 

522 

8 

597 

4 

34 

340 

396 

8 

408 

453 

4 

476 

544 

555 

4 

634 

8 

36 

360 

420 

0 

432 

480 

0 

504 

576 

588 

0 

672 

0 

38 

380 

443 

4 

456 

506 

8 

532 

608 

620 

8 

709 

4 


400 

466 

8 

480 

533 

4 

560 

640 

653 

4 

746 

8 

42 

420 

490 

0 

504 

560 

0 

588 

672 

686 

0 

784 

0 

44 

440 

513 

4 

528 

586 

8 

616 

704 

718 

8 

821 

4 

46 

460 

536 

8 

552 

613 

4 

644 

736 

751 

4 

858 

8 

I 48 

480 

560 

0 

576 

640 

0 

672 

768 

784 

0 

896 

0 


500 

583 

4 

600 

666 

8 

700 

800 

816 

8 

933 

4 

52 

520 

606 

8 

624 

693 

4 

728 

832 

849 

4 

970 

8 

54 

540 

630 

0 

648 

720 

0 

756 

864 

882 

0 

1 008 

0 

56 

560 

653 

4 

[ 672 

746 

8 

784 

896 

914 

8 

1 045 

4 

58 

580 

676 

8 

696 

773 

4 

812 

928 

947 

4 

1 082 

8 

60 

600 

700 

0 

720 

800 

0 

840 

960 

980 

0 

1 120 

0 

62 

620 

723 

4 

! 744 

826 

8 

868 

992 

1 012 

8 

1 157 

4 

64 

640 

746 

8 

768 

1 

853 

4 

896 

1 024 

1 045 

4 

1 194 

8 

66 

660 

770 

0 

792 

880 

0 

924 

1 056 

1 078 

0 

1 232 

0 

68 

680 

793 

4 

816 

906 

8 

952 

1 088 

1 110 

8 

1 269 

4 


700 

816 

8 

840 

933 

4 

980 

1 120 

1 143 

4 

l 306 

8 


720 

840 

0 

864 

960 

0 

1 008 

1 152 

1 176 

0 

1 344 

0 


740 

863 

4 

888 

986 

8 

1 036 

1 184 

1 208 

8 

1 381 

4 


760 

886 

8 

912 

1 013 

4 

1 064 

1 216 

1 241 

4 

1 418 

8 

78 

780 

910 

0 

936 

1 040 

0 

1 092 

1 248 I 

1 274 

0 

1 456 

0 

80 

800 

933 

4 

960 

1 066 

8 

1 120 

1 280 ! 

1 306 

8 

1 493 

4 

82 

820 

956 

8 

984 

1 093 

4 

1 148 

1 312 

1 339 

4 

1 530 

8 

84 

840 

980 

0 

1 008 

1 120 

0 

1 176 

1 344 

1 372 

0 

1 568 

0 

_J 


• The measurements in these columns come out in even feet. 
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New England Clapboards are 4 ft long, 6 in wide, in thick at the butt, and 
about y% in thick at the other edge. They are put up in bunches and sold by 
the thousand. 

Rules for Estimating Quantities of Sheathing, Flooring, Etc. For com* 
mon sheathing laid horizontally on a wall or roof without openings, add one* 
tenth to the actual superficial area to allow for waste. On the walls of dwell¬ 
ings, figure the walls as though without openings and allow nothing for waste. 
If sheathing is laid diagonally, add onc-sixth to the actual superficial area. 

For tight sheathing laid horizontally, add one-fifth for 6-in boards, one- 
seventh for 8-in boards, and one-ninth for 10-in boards. If laid diagonally add 
one-fourth for 6-in boards, one-sixth for 8-in boards, and one-eighth for 10-in 
boards. 

For 3-in matched flooring add one-half to the actual superficial area to be 
covered. 

For 4-in flooring add one-third and for 6-in flooring add one-fifth. Ceiling 
is measured the same as flooring. 

For drop-siding, add one-fifth to the superficial area. 

For lap-siding, laid 4 in to the weather, add one-half to the actual superficial 
area; if 4j^ in to the weather, add one-third. 

BUILDING PAPERS, BUILDING FELTS, QUILTS 
AND INSULATORS 

Sheathing-Papers,* Felts, Quilts, Etc. It is well known that frame build¬ 
ings when merely sheathed and clapboarded or shingled on the outside and 
simply lathed and plastered on the inside, are almost sure to be hot in summer 
and cold in winter; and as the wood almost always shrinks, cracks result 
through which the wind finds its way. For these reasons some extra pro¬ 
vision should be made for keeping out the wind and the heat and cold; and it is 
generally admitted that there is no material that will do this so well and at so 
small an expense as good sheathing-papers or sheathing-felts. The papers 
made for this purpose are commonly known as sheathing-papebs or building 
papers. There is a great variety of sheathing-papers manufactured, many 
of them of great excellence, and even the best are comparatively inexpensive; 
so that only the better qualities of any kind of felt or paper should be specified. 
Where the cost of the sheathing-paper on an ordinary house is only a few 
dollars, it is poor economy to use a cheap paper, as the labor of applying it 
is an important item and the poorer the paper the more difficult the work 
of putting it on. The qualities which good sheathing-paper should possess 
arej permanence, impenetrability to air and water and sufficient strength 
to permit of applying without tearing. Protection or proof against vermin 
and insects is another important requirement. It should not be brittle nor 
have a lasting strong odor and, for the convenience of the builder, should be 
clean for handling. There are so many papers possessing all or most of these 
qualities that it is deemed inexpedient to mention particular brands. The 
architect should decide for himself, from the samples with which he has prob¬ 
ably been furnished, what papers are best adapted to the particular conditions; 
and he should then specify those brands, giving, also, the manufacturers* 

• The terms building paper and sheathing-paper are by the public indiscriminately 
applied to all kinds of paper used in connection with building-construction. In the 
trade, however, the term building paper is confined to the rosin-sized and cheaper 
grades of paper, while the heavier and better grades are classed as sheathing-papers. 
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names, instead of leaving the choice to the builder, who will be quite sure to 
be guided by price rather than by quality. Many object to tarred or satur¬ 
ated sheathing-papers and felts because of their tendency to become brittle 
and because they emit a strong odor and are somewhat disagreeable to handle. 
On the other hand, the advocates of tarred felts emphasize their cheapness, 
warmth and even their odor, which makes them vermin-proof. The odor 
gradually disappears after the clapboards, siding or shingles are put on and 
the inside walls finished. Sheathing-paper is usually applied just previous to 
putting on the clapboards, siding, or shingles. It is generally placed horizon¬ 
tally and should lap about 2 in over each sheet and over the paper previously 
placed around the window and door-frames. If sheathing-quilt or similar 
material is to be placed under the clapboards or siding, laths should be nailed 
vertically over it, opposite each stud, and the siding or clapboards nailed to 
the laths; otherwise it will be difficult to put them on evenly, owing to the 
thickness and elastic quality of the quilt. Shingles, however, may be 
applied directly over it. Sheathing-quilt possesses marked fire-resisting 
properties. The sheathing-paper and the labor of putting it on should be 
included in the carpenter’s specifications. 

Insulating Boards. Of recent years, insulating boards have been used 
extensively to insulate walls, floors and ceilings. This material has been 
found especially useful for attics and roofs in preventing heat losses. These 
boards are made of cork and wood fibers; they possess considerable strength, 
and as well as serving as insulators, they are used extensively as bases for 
plastering. 

Loose Fill. Another material now used is a loose fill consisting of granules 
of fibrous or flaky materials, possessing no strength, but useful as an insulating 
fill between studs, joists and roof-rafters. 

Rosin-Sized Building-Papers. These are the common grades of building 
paper; they are not water-proof, and should not be used on roofs or on walls in 
damp climates. In dry places they protect from dust, draughts, and to some 
extent from heat and cold. They arc generally either a dull red or gray in 
color, have a hard, smooth surface, and are clean to handle. They are always 
put up in rolls 36 in wide and usually contain 500 sq ft. The weight varies 
from 18 to 40 lb to the roll of 500 sq ft. 

Insulating and Deadening-Quilts. Among the insulating and deadening- 
quilts much in use are those mentioned below. There are also other good 
materials in this line which are manufactured and used for insulating and 
deadening purposes 

Sheathing-Quilt.* This consists of a felted matting of eel-grass held in 
place between two layers of strong paper by quilting. “The long, flat fibers 
of eel-grass cross each other at every angle and form within each layer of quilt 
innumerable minute dead-air spaces, that make a soft, elastic cushion. This 
gives the most perfect conditions for non-conduction ” Eel-grass is chosen 
for the filling because of its long, flat fibers, which especially adapt it for 
felting; because of its great durability, and its resistance to fire; and because, 
owing to the large percentage of iodine which it contains, it is repellent to rats 
and vermin. This quilt is made in single, double and triple-ply thickness, and 
is put up in bales of 125 and 250 sq ft. It is also now made with a covering of 
asbestos, which tenders it thoroughly fire-proof, and also with a water-proof 
covering to resist moisture. The material is also efficient for heat-insulation. 


* Made by Samuel Cabot (Inc.), Boston, Mass. 



1980 Building Papers, Building Felts and Quilts [Part 3 

When used for this purpose there is no objection to nails passing through it. 
Quilts are made with bevel edges to permit rapid lap installation. 

Keystone Hair Insulator. Another material fised for similar purposes is the 
Keystone Hair Insulator. This consists of thoroughly cleansed cattles’ hair, 
between two layers of strong, non-porous building paper, securely stitched 
together. The hair is chemically treated, so that it is coated with lime, 
which makes the finished material vermin-proof and odorless. 

Mineral-Wool Deadeners, which are fire-proof sound-deadening quilts of 
rock-fiber wool stitched between two sheets of building paper or of asbestos 
paper according to the grade desired, are made by the Union Fibre Company 
of Winona, Minn., and other firms. This company makes, also, what is called 
Lith and Feltlino, which are sound-deadening materials in board form. They 
manufacture, also, Linofelt, a building-quilt of flax-fibers (unbleached linen 
threads), stitched between water-proof paper or asbestos paper according to 
need. It is in. thick. Linofelt for sheathing in place of ordinary building 
paper adds from 1 to lj^% to the cost of a house. 

Felt-Papers. There are a great many felt-papers for lining floors and a few 
are made fire-proof by means of chemicals. As a rule these felts are cheaper 
than Cabot’s quilt, although the saving in an ordinary residence would be but 
little, and even among the felts themselves there is quite a difference in cost. 
In choosing a felt-paper for lining, the architect should select one that is soft 
and elastic enough to form a cushion, and the thicker the felt, provided it has 
the above qualities, the greater will be its non-conduction. Some felts are 
made water-proof by an asphalt center, which is an advantage in case of fire 
or leaks, but some authorities think that it is doubtful if such felts obstruct 
the passage of sound as well as felts without the asphalt center. The experi¬ 
ence of some acoustical experts seems to show that one of the best methods of 
deadening is by a combination of heavy hair-felt or felt-paper with sheets of 
galvanized iron. Two layers of felt, each from 3^ to 1 in thick, are placed on 
either side of a single layer of galvanized iron, the latter resting freely between 
the felt layers. This form of construction is to be preferred where the dead- 
ening-material is not attached to the enclosing woodwork. An additional 
layer of iron and of felt increases the effectiveness of the combination. 

Saturated Felts. Common roofing-felts are made by saturating common 
dry felt with coal-tar pitch. Roofing-felts are commonly made in weights of 
12, 15, and 20 lb to the 100 sq ft. Nothing lighter than 12 lb should be used for 
roofing. They are usually sold by weight. Asphalt-felts are commonly 
made in the same weights. 

Dry Saturated Tarred Felts are specially run through a tier of calenders 
to give a hard, uniform surface and contain a minimum amount of coal-tar. 
They are especially adapted for slaters’ use, as they will carry a chalk line and 
are easy to handle. The rolls are 36 in wide, contain 500 sq ft and weigh about 
30 lb. 

Asbestos Building Felts are usually made about 6, 10, 14 and 16 lb to the 
100 sq ft, although different manufacturers make different weights. They 
come in rolls 36 in wide and are sold by weight. 

Sound-Deadening Felts. These deadening-felts are made by various manu¬ 
facturers. In one of these felts * the material itself is rather hard and thin, 
but it is pressed in such a way as to form small indentations or air-cells. This 
makes it elastic and breaks up the sound-waves. 


Neponset Florian Sound-Deadening Felt. 
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Asbestos Sheathing. Sheathing-papers or building felts, made of asbestos, 
are used to a considerable extent for floor-linings and for covering the outside 
walls of wooden buildings, principally on account of their fire-proof and ver¬ 
min-proof qualities. These papers are well known in the trade and can be 
procured without difficulty. They are supplied by the manufacturers in 50 
or 100 -lb rolls, 36 in wide, on a basis of the following scale of weights: 


4 lb to the 100 sq ft 
6 lb to the 100 sq ft 
8 lb to the 100 sq ft 
10 lb to the 100 sq ft 
12 lb to the 100 sq ft 
14 lb to the 100 sq ft 
16 lb to the 100 sq ft 


18 lb to the 100 sq ft 
20 lb to the 100 sq ft 
24 lb to the 100 sq ft 
32 lb to the 100 sq ft 
Vfg in thick 
;Vj 2 in thick 
Vs in thick 


The sheathing in the J 32 and J^j-in thicknesses is used only for special 
purposes where an unusually thick lining is desired for possible fire-protection 
around exposed flues, for chimney-breasts, etc. When the weight of paper ex¬ 
ceeds 32 lb to the square foot it is known as roll-board and is no longer 
classed by weight per 100 sq ft, but by thickness. For floor-linings, 16-lb 
paper is generally employed, this weight being sufficiently thick and strong 
to resist ordinary damage in application and in handling. Asbestos felts and 
building papers appear to have approximately the same effect in retarding 
the passage of sound-waves as other felt-papers of a relatively similar thick¬ 
ness and quality, while their fire-proof and vermin-proof qualities are a dis¬ 
tinct advantage. The cost of asbestos paper and building-felt, while some¬ 
what greater than that of the ordinary papers used for similar purposes, is 
not excessive. The market price varies and depends upon the fluctuations of 
the market. 

Water-Proof Papers. Neponset Black Sheathing is water-proof and 
air-proof, odorless and clean to handle, and is an excellent paper under siding, 
shingles, slate, or tin. The rolls are 36 in wide, containing 250 and 500 sq ft. 

Neponset Red Rope Sheathing and Roofing. This is made of rope-stock, 
has great strength and flexibility, and is absolutely water-proof and air-tight. 
It is one of the best sheathing-papers and makes a good cheap roofing for 
sheds, poultry-houses, etc. The rolls are 36 in wide, containing 100 , 250 and 
500 sq ft. 

Parchment Water-Proof Sheathing. There are various parchment-sheath¬ 
ings on the market which are semitransparent, have smooth surfaces, and are 
odorless, water-proof, air-proof and vermin-proof. They are adapted for 
general sheathing purposes In general 1-ply weighs 25 lb to 900 sq ft; 2-ply, 
25 lb to 500 sq ft; 3-ply, 25 lb to 275 sq ft. They are 36 in wide. 


PAINT AND VARNISH* 

Pigments and Vehicles. The solid ingredient of a paint is called the 
pigment, and is a fine powder, nearly all of which will pass through a brass- 
wire sieve of 100 meshes to the linear inch; in fact, most pigments are much 
finer than that, and those formed as precipitates by chemical processes are so 
fine that there is no way to measure them. The liquid part is called the 
vehicle. This is usually linseed-oil, sometimes with the addition of a little 

* The editor is indebted to Professor Alvah H. Sabin and the National Lead Co. of 
New York for valuable assistance in the revision of the data relating to this subject. 
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turpentine or other volatile solvent. In the enamel paints it is varnish and 
in kalsomine and other cold-water paints it is a solution of glue, casein, albu¬ 
men, or some similar cementing material. TJie cementing material is some¬ 
times called the binder. 

Colloidal Paints.* “ Collopakes,” a new kind of paint, is now made 
with pure pigments and without tillers. The pigments are not ground but 
are reduced to a great fineness, and colloidally dissolved in the vehicle. 
Because of an electrical charge incurred during the process of manufacture 
they settle very slowly over long periods of time. Advantages claimed by the 
manufacturer are that this paint does not become hard in the bottom of the 
container, penetrates the surface of the material to which it is applied, thus 
insuring against cracking and peeling. This paint is used for exterior and 
interior surfaces and may be used also as a waterproofing for stucco and 
brickwork. 

Ingredients of Oil-Paint. White lead and white zinc are the common white 
pigments. Titanium oxide is now a common ingredient of white paint, most 
frequently as the product called “Titanox,” which also contains barium 
sulphate; this is used in mixtures with white lead and white zinc, is chem¬ 
ically permanent and is white and opaque. There are white pigments of 
variable composition called loaded zinc and zinc lead, furnace-products, com¬ 
posed of zinc oxide and lead sulphate. There is also a basic lead sulphate, 
commercially called sublimed white lead, which is a similar furnace-product 
consisting chiefly of sulphate of lead. These composite white pigments are 
largely used in mixed paints. Lithopone is a mixture of sulphide of zinc and 
sulphate of barium. It is very white, fine and opaque and largely used as the 
basis of flat wall-finishes for interior work, but is not durable for exterior 
work. It is discolored (gray) by strong light, but this is not a very serious 
practical objection. White lead is used everywhere, but tends to yellow 
somewhat in the dark. White zinc is chiefly used on interior work, being the 
whitest paint known. Both are often mixed and both are used in mixed 
paints. Yellow paint is commonly chromate of lead, or chrome yellow; 
green is chrome green, which is a mixture of chrome yellow and Prussian blue; 
blue is ultramarine, or sometimes Prussian blue. The brilliant reds are coal- 
tar colors as a rule; the dull reds and browns are oxides of iron. Ochres are 
dull yellow. Carbon forms the base of all black paints, cither as lampblack, 
dropblack (boneblack), or graphite. Linseed-oil is either raw or boiled. Raw 
oil is the oil in its natural state as it is extracted from the seed; it should be 
settled and filtered perfectly clear; it is yellow or greenish yellow in color. 
Boiled oil is raw oil w hich has been heated to 400° or 500° F. with compounds 
(usually oxides) of lead and manganese; it is darker in color than raw oil, and 
dries quicker. Raw oil exposed in a thin film to the air is converted in about 
five days into a tough leathery substance; boiled oil undergoes this change in 
from 10 to 24 hours. 

Driers. These are compounds of lead and manganese, dissolved in oil, and 
this solution thinned with turpentine or benzine. They act as carriers of 
oxygen between the air and the oil, and their addition to a paint makes it dry 
more rapidly. Some driers are also called japans. Not more than 10% by 
volume of any of these liquid driers should be added to oil. Excess of drier 
causes the paint to lack durability. Cheap driers often contain rosin. It is 
well to specify that driers and japans should be free from rosin (not resin, as 
varnish-resins arc present in some of the best driers). 


* Manufactured by Samuel Cabot, Inc., of Boston, Mass. 
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Priming Coat. This is the first coat applied to the clean surface. A priming 
coat for wood is chiefly oil, and is usually equivalent to a gallon of ordinary 
paint thinned with a gallon of raw linseed-oil. Paint, however, is not thinned 
to make a priming coat for structural metal. In all wood-work, nail-holes and 
other defects are filled with putty after the priming coat has been applied; but 
if the wood is resinous, knots and resinous places must be covered with shellac 
varnish before the priming coat is put on. Pitchy woods, such as southern 
yellow pine and cypress, do not readily absorb oil, and turpentine should be 
substituted for part of the oil. Red lead is successfully used as a primer 
(2 parts to 1 of white lead) on such woods; this is the standard practice in 
England, and is better than the use of all white lead. 

Outside Painting. The priming coat having largely been absorbed by the 
wood, a second and third coat of paint are to be applied. The most common 
paint used on houses is white lead. This is commonly sold as paste white lead, 
containing 8% of oil; 100 lb of this is equal to 2.8 gal in volume, and is com¬ 
monly mixed with 33^ gal of raw linseed-oil, 1 qt of turpentine and 1 pt of 
drier to make 6% gal of paint for the second coat; or with 4 gal of oil, 1 pt of 
turpentine and 1 pt of drier for the finishing coat. White lead is also put up 
as a soft paste containing 13% oil; 100 lb bulks 3 25 gal and calls for % gal 
less oil than the heavy paste formulas. About half of the white-lead paste 
now made is soft paste because of the ease with which it can be converted into 
paint. If white zinc is used. { )]/2 lb of dry zinc oxide and 5.7 lb of oil make 
1 gal of paint; to this, turpentine and drier should also be added. White lead, 
after about a year, begins to chalk, that is, its surface becomes dry and 
chalky; this does not indicate failure, however, and it makes a good surface 
for repainting. Finely reticulated checking, not extending through the film, 
occurs later, and when sufficiently marked indicates need of repainting. 
In any paint, when cracks begin to extend through to the wood, repainting is 
called for; these cracks occur sooner on pitchy woods. White zinc, if used 
alone on outside (not inside) work, is very hard and tends to peel off. Mixed 
paints (prepared proprietary paints) generally contain zinc mixed with either 
white lead or some of the pigments based on basic lead sulphate, and some 
auxiliary pigments, such as barytes, China clay, etc , ground in oil and tur¬ 
pentine and containing the necessary drier. The best of these are excellent, 
but some are very poor; the safest way to use them is to specify them by name, 
and use them according to the maker’s directions. Ripolin and Vitralite 
are types of a paint made with a vehicle consisting of pure linseed-oil heated 
a long time until it is a viscid liquid when cold; it is then thinned considerably 
with turpentine, and ground with a suitable pigment, such as white zinc, 
white lead or mixtures with titanox. Some drier is added. This kind of 
paint is not very opaque, gives a fairly bright enamel finish and is durable 
indoors. Colored paints are commonly made by adding colored pigments 
to lead or zinc; but some dark paints contain only iron oxides, ochers, etc., as 
pigments; these weigh from 12 to 14 lb per gal. Painting should always be 
done in dry weather and no painting should be done until the inside plastering 
is dry. Paint should not be applied to lumber that is not dry. A week or 
more should be allowed between successive coats. In painting the outside 
of a house, the trim should be painted first; then the body-color can be laid 
neatly against it. The final brushing should be in the direction of the grain 
of the wood. It is good practice to have the successive coats (except for white 
paint) vary a little in color, to facilitate inspection. White, light blue and light 
green are less durable colors than yellow, gray, or dark colors in general, owing 
to the fact that the chemical rays of light penetrate the former more easily. A 
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gallon of paint will cover from 400 to 600 sq ft of surface, depending upon the 
character of the surface. Roof-paints should contain a larger proportion of 
oil, and a smaller amount of drier or none at all. Three coats are desirable. 
Tin roofs and galvanized-iron work should be thoroughly scrubbed and then 
dried before painting. The shingles on the walls and roofs of a house are 
sometimes stained with creosote stain, which consists of a pigment suspended 
in creosote or some similar liquid. The creosote has some preservative effect. 

Inside Painting. Door-frames and window-frames should receive a priming 
coat of paint in the shop; if they are to be finished in varnish this paint will be 
applied to the back only. As has already been said, before any painting is done 
any resinous knots should be varnished with shellac. All interior surfaces 
which are to be painted should be puttied after the priming coat and the putty 
should be applied with a wooden spatula, not a steel one, to avoid marring the 
surface. The paint for the second coat should contain as much turpentine as 
oil, that is, its vehicle should be half oil and half turpentine. The effect of 
this is to make the paint dry with a dull instead of a glossy surface, flat sur¬ 
face being the painter's term. To this the next coat will adhere well. If the 
next is the final coat, it may be an ordinary oil-paint. When thoroughly dry 
the gloss may be removed by lightly rubbing it with pumice and water. 
Enamel paint consists of pigment with varnish as a vehicle. It is harder and 
makes a finer finish than oil-paint. It is also more expensive. It is usual to 
apply it over oil-paint, in which case the last coat of oil-paint should be lightly 
sandpapered when quite hard and dry. A coat of enamel paint is then put on, 
and when it is dry it should be sandpapered or rubbed with curled hair. The 
final coat of enamel is then laid on and it may be rubbed in a like manner if a 
flat surface is desired, or it may be left with the gloss. It is also common 
practice for painters to make a final enamel finish by adding varnish to white 
lead or white zinc, very little oil being used in this case. The best varnish 
for this purpose is a spar-varnish from a thoroughly reliable maker. The 
quicker-drying varnishes will crack and alligator. 

Varnish. There are two principal kinds of varnish, (1) spirit varnishes, of 
which shellac varnish is the most important, and which consists essentially of a 
resin dissolved in a volatile solvent, and (2) oleoresinous varnishes, in which 
the resinous ingredient is combined with linseed-oil, and this compound is dis¬ 
solved in turpentine or benzine. The oleoresinous varnishes are commercially 
the more important, and are largely used in interior finishing. A gallon of 
varnish covers 500 sq ft, one coat. Surfaces to be varnished are treated in the 
following manner. If the wood is open-grained, as oak, chestnut, or ash, it 
first receives a coat of paste-filler. Liquid fillers are not desirable, as they 
form a poor base for subsequent work. A paste-filler is really a sort of paint, 
the pigment being silex, or ground quartz, and the vehicle is a quick-drying 
varnish made thin with turpentine or benzine. This is rubbed strongly in on 
the grain of the wood with a short stiff brush, and as soon as it has set, usually 
within half an hour, it is rubbed off with a harsh cloth or a handful of excelsior, 
the rubbing being hard across the grain of the wood. If it is desired to stain 
the wood, the oil-stain may be mixed with the filler; but if a close-grained 
wood is used, which needs no filler, the oil-stain may be thinned to the desired 
color with turpentine or benzine and applied as a wash. In cleaning the filler 
out of moldings, comers, etc., a suitably shaped stick, but not a steel imple¬ 
ment, may be used. If any puttying is necessary it is done next. After two 
days the first coat of varnish is applied; after five days it should be rubbed 
with curled hair or fine sandpaper to remove the gloss, so that the next coat 
will adhere well; then one, two or three more coats of varnish are added, five 
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days or more apart, each coat being rubbed. The last coat may be rubbed 
or left with the natural gloss. Outside doors, window-sills, jambs, inside 
blinds, and all surfaces exposed to the direct rays of the sun, should be var¬ 
nished with spar-varnish and left glossy. If shellac varnish is used as the in¬ 
terior finish it is applied in the same way, but at least six coats should be 
applied. Floors which are to be varnished should be treated as has been 
described; but if they are to be waxed they should receive one or two coats of 
shellac varnish, then five or six coats of wax, at intervals of a week, each coat 
being well polished with a weighted floor-brush made for the purpose. Floor- 
wax is not beeswax, but is a compound wax made for the purpose. Shellac 
is a good floor-varnish; it discolors the wood less than any other varnish, and 
dries rapidly. 

Painting Plastered Walls. Plastered walls which must be painted are usu¬ 
ally washed with a solution of soap and then with a solution of alum. When 
this is dry it is sponged off, then allowed to dry, then oiled, then painted. If 
the paint is applied to the fresh plaster the lime in the plaster will attack the 
paint. 

Repainting. The exterior woodwork of a house needs repainting once in five 
to ten years, according to climate and other conditions, although if not done 
with proper material or sufficient care it will not last as long as this; the inte¬ 
rior should, with good care, stand from fifteen to twenty years, and then may 
not require complete renewal. Exterior paint sometimes loses its luster, while 
the body of the paint is still good, and in cases of this kind it is sufficient to 
wash the surface and then give it a coat of oil. This replaces the oil which has 
superficially perished, imparts a gloss and brings out the color. If the paint is 
worn off so as to show the wood in places, or is peeling, it must be very carefully 
examined. In extreme cases it is necessary to burn off the old paint; this is 
done with a painter’s torch, a lamp which burns alcohol, naphtha, or kerosene, 
and which furnishes a flaring blast of flame, which is directed against the 
painted surface just long enough to soften the paint, which is at once removed 
with a scraper while still hot. The paint is not actually burned, but only 
softened by the flame; it may, however, be removed as well as softened by 
this method. Houses covered with pitchy wood, like southern pine, some¬ 
times require this treatment, and the next painting is found to be more lasting. 
In many cases it is sufficient to thoroughly scrub the surface with a stiff steel- 
wire brush. Interior surfaces may be cleaned (if the removal of the old paint 
and varnish is necessary) with varnish-remover; this is a mixture of solvent 
liquids, which penetrate the old paint or varnish and soften it, when it may be 
removed with scrapers or brushes. There is less danger of fire with this 
method than with the burning-off method, but it is slower and costs more. It 
must not be forgotten that varnish-remover is volatile and highly inflammable 
and must not be used in a room where there is a fire. It is especially suitable 
for cleaning out moldings and all irregular surfaces from which the varnish may 
then be removed with stiff brushes, or with hardwood scrapers. It is espe¬ 
cially desirable to have floors occasionally cleaned in this way; but if a house 
has been varnished originally with a first-class varnish it may be necessary 
only to wash it thoroughly and then apply another coat of varnish. Smoke 
and dirt may often be thoroughly removed from ceilings with the crumbs of 
fresh bread, where washing would not be desirable. A 10% solution of car¬ 
bonate of soda (sal soda) in hot water may be used to remove old floor-wax. 

The Painting of Structural Steel. Steel being usually more perishable 
than wood, as well as more expensive, and used for service where its strength is 
essential to the stability of the structure, its protection from corrosion by 
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painting is of much importance. It must first of all be recognized that the 
precaution always taken in painting wood, to secure a clean surface for the 
paint, must not be omitted with steel. Mud and dirt must first be removed 
from the steel; then it must be examined for rust, and any rust-spots must be 
thoroughly cleaned. Loose scale may be removed with wire brushes, but 
thick and closely adherent rust must be removed with steel scrapers, or with 
hammer and chisel if necessary. No doubt the best way to clean steel is to 
use the sand-blast, but it is not available for much architectural work. In any 
case much care must be taken to obtain a clean surface. On wood the 
priming coat sinks into the wood and forms a perfect bond between it and the 
succeeding coats; but on metal no such thing is possible and it is a case of 
simple adhesion, which demands a clean surface for efficient results. The 
paint for structural metal should be tough and elastic, and to as great a 
degree as possible it should be water-proof. Less than two coats should never 
be applied, and three are better. Paint is always thin on edges and angles, 
and also on bolt and rivet-heads; it is therefore good practice, after the first 
full coat, to apply a partial or striping coat, covering the angles and edges and 
the surface for at least 1 in back from the edges, and covering all bolt-heads 
and rivet-heads. After this striping coat has become dry, the second full coat 
is applied, and it may then be assumed that the whole surface has received two 
full coats. At least a week should elapse between coats. In designing the 
steelwork, all cavities which may be filled with rain during erection should be 
properly drained; and during erection all small cavities should be filled with 
cement, and all contact-surfaces thickly painted. 

Kinds of Paint for Structural Steel. Red lead is more generally used than 
anything else as a paint for structural steel. It is a “true red lead” (Pb 3 0 4 ), 
usually made from litharge (PbO), and frequently containing from 10 to 20 % 
of the latter. If it contains much litharge, it rapidly thickens when mixed 
with oil and finally hardens; this makes it a paint difficult to apply. If, how¬ 
ever, the material from which it is made is reduced to a sufficiently fine powder 
before it is oxidized, an almost completely oxidized red lead is produced, which 
is as easily worked as white lead, and better in every respect. The require¬ 
ments of the government of the United States have for years called for red 
lead of not less than 94% of “true red lead” (Pb 3 0 4 ), and the Navy Depart¬ 
ment, as well as several large railway companies, is now using large amounts 
of red lead which has not less than 98% of “true red lead.” It may now be 
obtained in paste-form, similar to white lead and containing about 6 )^ 2 % of 
raw linseed-oil. Thirty-three pounds of red lead (dry pigment) to 1 gal of oil 
is the maximum; this is especially suitable for hydraulic work, and is the 
standard bridge paint on some of the largest railroads in this country, while in 
England 35 lb is standard on some large railway work; 28 lb to 1 gal of oil 
(containing 20 lb of pigment in a gallon of paint) is more common, while 25 lb 
to a gallon of oil is a common requirement for railroad-specifications. Finely 
ground graphite in linseed-oil is a favorite paint for metal; it flows well, is 
easily applied, less expensive than red lead, and if well made gives excellent 
results. Graphite is sometimes mixed with lampblack, probably with advan¬ 
tage. Boneblack is also an important ingredient of carbon paints. For¬ 
merly oxide of iron in linseed-oil was used more than all other paints for this 
purpose; but while many engineers still like it, its use has very greatly dimin¬ 
ished. Asphaltum has been used and is still used, as a varfiish either alone 
or in combination, and some of these asphaltic preparations are fairly satis¬ 
factory. The fact is, that a really competent paint-manufacturer can make a 
reasonably good paint out of any of these, and if the paint is carefully applied 
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the results will be satisfactory. There are great differences in painters. In 
regard to the surface of structural steel covered by a gallon of paint, there is a 
great difference of opinion among experts. Some say from 300 to 400 sq ft, 
others 1 000 or 1 200 sq ft. The truth is that any paint may be brushed out 
into an exceedingly thin film by a skilled workman, while ordinary usage results 
in a film at least twice as thick. The general opinion is that it is not wise to 
estimate more than 400 sq ft to the gallon for one coat. Varnish-paints cover 
less than oil-paints, but if well made they are very durable. 

Painting on Cement and Concrete. Cement and concrete-work are diffi¬ 
cult to paint, because they are strongly alkaline and even caustic when new. 
Work in these materials should be allowed to stand a year or two if possible 
before it is painted; then it may be painted with any ordinary paint. A 
practice which has been highly recommended is to wash the surface, repeatedly 
if possible, with a strong solution of zinc sulphate, the sulphuric acid uniting 
with the free lime and the zinc being left in the pores as an oxide or hydrate. 
Some preparations for this purpose are on the market; and while some are 
probably good, others arc to be distrusted. The best way is to allow the 
surface to age, if this is at all possible. 

WINDOW-GLASS AND GLAZING *f 

Glazing. The glazing of windows otiginally belonged to the painter’s trade, 
and when glass is broken, it is still customary to go to a painter to have it 
replaced; but custom has so changed in some parts of the country, that when 
new windows are to be glazed, the work is sometimes done at the mill or fac¬ 
tory where the sashes are made, sometimes by the local glass-jobber in the 
town where the building is being erected, and again, in other localities, the 
glazing of new buildings is still done by the painter. Common window- 
glass is usually set with putty and secured with triangular pieces of zinc 
called glaziers’ points or sprigs, driven into the wood over the glass and 
covered with putty. In the best work, a thin layer of putty is first put in the 
rebate of the sash and the glass is then placed on it and pushed down to a 
solid bearing. The glass is then sprigged and face-puttied after which the 
sash is turned over and the surplus putty removed with the putty-knife. 
This is called bedding in putty. Another method is as follows: The glass 
is placed in the sash, sprigged and face-puttied. The sash is then turned 
around and the glazier fills in any spaces that may occur between the glass 
and wood by forcing putty into such voids. This is called back-puttying. 

Leaded Glass. It was formerly a common practice for architects to name 
in the specifications a certain sum of money to be allowed by the carpenter for 
the leaded glass and to be expended under the direction of the architect. 
Where clear glass was used, the pattern was sometimes shown on the drawings 
and the glass was specified in the same manner as any other work. When 
colored glass was to be used, it was customary to make a definite allowance 
and then to entrust the work to a good art-glass manufacturer. But leaded 
glass should be designed, furnished and put in place by those who are entirely 
familiar with its manufacture and its limitations; the purchase of the same 
should be left entirely in the hands of the owner; and no specification as to its 

* Condensed from an article by the late Professor Thomas Nolan. 

Much valuable information on this subject has been obtained from the Hires-Turner 
Glass Co., Philadelphia, Pa. 

t See also Glass and Wire-Glass, and Prism and Structural Glass, Article 5, Chap 
terXXIL 
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price or make should be used by the architect. The colored glass windows 
should show as much individual artistic taste as any other picture or decoration 
used in the building. The cheap and inartistic leaded glass is fast becoming a 
thing of the past and owners are confining themselves to purely works of art 
placed in some appropriate location in the building. 

Sheet Glass. General Description. Common window-glass is technically 
known as sheet glass. It is mostly made either by the Libby-Owens or the 
Fourcault process. The former draws the glass flat and upward from the 
end of the tank to a height of about 36 in, and then horizontally over a roller 
into a lehr through which the glass passes for annealing. It is cut off into 
sheets as it reaches the end of the lehr, a distance of about 200 ft. The Four¬ 
cault process also draws the glass in a flat sheet from a tank but it is drawn 
vertically to a height of about 16 ft, being quickly annealed during the process. 
The sheets are cut into standard lengths at the top of the draw. Practically 
no glass is now made by the old-style cylinder process. 

Grades and Qualities of Sheet Glass. Sheet glass is graded as double¬ 
thick, or single-thick, and each thickness is further divided into three quali¬ 
ties, first, second or third, according to its relative freedom from defects. 
The price varies according to the strength and quality. It should be remem¬ 
bered that sheet glass is always more or less wavy, irrespective of the process 
by which it is made. Many suppose that by designating sheet glass, crystal 
SHEET GLASS, SELECTED-SHEET GLASS, or SHEET GLASS FREE FROM WAVES AND 

imperfections, a sheet glass free from waves and blemishes can be obtained. 
The terms and names do not change the nature of this glass, which still 
remains sheet glass, characterized by the defects inherent in the method by 
which it is manufactured. To obtain a thin glass, free from waviness, plate 
glass, 34 in thick, formerly known as crystal plate, or plate glass in 
thick, must be specified. Since the improvement in the manufacture of win¬ 
dow-glass in this country, scarcely any sheet glass is now imported for glazing 
purposes. A small amount of Belgian sheet glass is brought to this country 
and used along the Atlantic seaboard for picture-framing. The low prices 
of the American sheet glass, and its excellent quality, have practically forced 
imported sheet glass out of the market. All common sheet glass, without 
regard to quality, is graded according to thickness, as single-strength or 
double-strength. The thickness of the double-strength glass is approxi¬ 
mately J4 in while that of the single-strength averages about J4o in. It 13 
customary to use the double-strength for sheet glass over 24 in in width. The 
best quality of sheet glass is specified as AA, the second as A and the third 
as B. Very little AA or first quality glass is obtainable. The standard for 
A quality is very high. All AA and A quality glass carries the manufactur¬ 
er’s label on each individual light and should be so specified. 

Sizes of Sheet Glass. The regular stock sizes vary by inches from 6 to 16 
in in width. Above that they vary by even inches up to 60 in in width and 
70 in in length for double strength and up to 30 by 54 in for single strength. 
However, many sizes in these categories are non-standard sizes and have a 
higher base list price than standard sizes. 

Crystal-Sheet Glass, 26-Ounce. This glass is made by the same process as 
common window-glass, and most double-strength glass now is 26-ounce. 
Owing to the method of its manufacture, it is necessarily characterized by a 
wavy appearance. If good glass is required for first-class residences, hotels, 
office-buildings, etc., polished plate glass should be used in either 34> 2ie or 
34 in thickness. 
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Defects of Sheet Glass. All sheet glass, when looked upon from the outside, 
has a wavy, watery appearance, like the surface of a lake slightly agitated by 
the wind; and when the sunshine falls upon it the irregularity of the surface 
is greatly emphasized. This characteristic of sheet glass is due to its method 
of manufacture and cannot be wholly avoided. Besides this universal defect, 
the cheaper grades are often stringy, blistery, sulphured, smoked, or 
stained; so that, in looking through the glass, objects seen at a distance are 
deformed and distorted. 

Plate Glass. General Description. Plate glass is commonly known as 
polished plate glass because its surface is finely polished and thus made 
dear and transparent. It is more largely used every year for windows of fine 
residences, hotels and office-buddings, where transparency is desired from the 
inside and an elegant appearance required on the outside. The process of 
manufacture of plate glass is entirely different from that of sheet glass. In 
making plate glass the metal, which is prepared with great care, is melted in 
large pots and then either cast on a perfectly fiat cast-iron table and flattened 
out by a heavy roller, or the Bichereoux process is used wherein the metal is 
poured onto an angular plane and flows of its own accord between two roll¬ 
ers, which determine its thickness, onto a large steel table which is moving 
slightly slower than the molten glass is flowing. The rough sheet of glass has 
thus been formed of the desired thickness and is, as in the former case, taken 
through a series of ovens and then a long lehr for annealing. The sheet then 
forms what is known as rough plate, which is used for vault-lights, sky¬ 
lights, floor-lights and the like. For polished plate the rough plate is care¬ 
fully examined for flaws, which are cut out, leaving the largest-sized sheet 
practicable. The old method of grinding and polishing by circular or revolv¬ 
ing tables is fast becoming obsolete and is being supplanted by the straight-line 
continuous grinding and polishing method. In this method, the glass is 
fastened to large rectangular tables, by means of plaster of Paris, and then 
passes in a straight line under a number of grinding wheels, shod with cast 
iron. Sand and water are fed onto the surface. These grinding wheels, 
operated by electric motors, revolve, going over all parts of the plate, and grind 
it down to a true plane. Sand in successive degrees of fineness is fed on until 
the plate is made absolutely smooth and all grit removed. After this, the 
tables go on under a series of polishing machines shod with very fine felt, also 
operated by electric motors. Liquid rouge is added for the polishing. When 
one side is completed, the other side is similarly treated, the plate losing about 
30% in weight by the operation. 

Qualities of Polished Plate Glass. For glazing purposes there is but one 
quality of plite glass on the market. The best of this is selected for manu¬ 
facturing mirrors. At one time, plate glass was extensively imported, but 
the gradually improving methods of the American manufacturers, as well as 
the great cheapening of the process, have practically eliminated imported plate 
glass from the market. The American plate glass is equal in every respect to 
that which was imported. The usual thickness of polished plate glass is from 
Vi to Vie but it can be made thinner than this; and when required for 
residence-windows or car-windows, may be obtained in or J^-in thick¬ 
nesses. The production of J^-in plate glass has increased enormously in the 
past few years for two reasons: First, the demand for a thin ground and 
polished glass for use in residences and other buildings where a thick glass is 
not required; second, the demand for laminated or non-shatterable glass for 
automobiles. Its cost to-day is approximately the same as the heavier in 
plate. 
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Sizes of Polished Plate Glass. Plate glass is cut into stock sizes varying 
by even numbers from 6 by 6 in up to 144 by 200 in, or 138 by 208 in. Some 
larger sizes can be had by special manufacture,. 

Wire-Glass.* The introduction of this material has made it possible to 
secure fire-protection in many cases, without the necessity of disfigurement 
due to fire-shutters. Wire-glass is either ribbed, rough, figured, or pol¬ 
ished plate, with wire embedded in its center during the process of manu¬ 
facture. 

The temperature at which the wire is embedded in the glass insures ad¬ 
hesion between the metallic netting and the glass, and the two materials 
become one and inseparable, so that if the glass is broken by shock, by intense 
heat up to about 1 700° F., or from other cause, it remains intact. It is this 
property of remaining intact that gives it its fire-retarding qualities. Although 
fire and water may cause cracks to spread throughout the glass, the wire holds 
the pieces so firmly that flames cannot pass through it. Many severe tests 
during actual fires have positively demonstrated the truth of the above claim. 
For warehouses and factories obscured surfaces are generally preferable; but 
for offices, or wherever clear transparent glass is desired, the polished 
plate is nearly if not quite as acceptable as the same glass without the wire, 
the effect being the same as that obtained by looking through a window with 
a screen on the outside. Where fire-resistance is the desired feature, the 
following requirements should be satisfied. The thickness of the plate at the 
thinnest part should be not less than % in, and the plane of the wire mesh 
should be midway between the two surfaces of the glass. No wire should be 
smaller than No. 24 Brown & Sharpe gauge. The unsupported surface of the 
glass should not exceed 720 sq in in any case and should be contained in a metal 
frame not larger than 5 by 9 ft between supports. As now manufactured by 
the continuous process, it is rolled in lengths up to about 12 ft and in thick¬ 
nesses up to in. 

Figured Rolled Glass. This is a translucent or obscured glass with a pat¬ 
tern stamped on one surface. As the molten metal is rolled out on the table, 
the design, cut into the table, imprints itself into the soft glass. This kind 
of glass has almost entirely supplanted the ordinary ground glass because 
of its greater cleanliness. There are several popular designs on the market, 
made by various manufacturers. Some of the designs in common use are 
known as moss, maze, silverite and Florentine. This glass is usually 
made in thick and in large sheets from 24 to 42 in wide and from 8 to 10 ft 
long. Maze, Florentine and silverite designs can be had either with or 
without the wire mesh in them. One important property of figured rolled 
glass is that of diffusing the light which passes through it. 

Pressed Prism-Plate Glass. This is manufactured in different patterns and 
for different purposes and includes (1) Imperial Prism-Plate Ornamental Glass 
in five different patterns, (2) Imperial Prism-Plate Glass and (3) Imperial 
Skylight Prism Glass. The general description is as follows: 

(1) Imperial Prism-Plate Ornamental Glass is plate glass ground and pol¬ 
ished on one side. It is manufactured in plates, 54 by 72 or 72 by 54 in, can be 
cut into smaller sizes, and is made in five different stock patterns. It is used 
in modern mercantile, office and public buildings for partitions, transoms, 
doorlights, vestibule doors, ornamental ceiling-lights, bank-windows and 
other street-windows, and in all places where semiobscurity and ornamental 


See Glass and Wire-Glass, Article 5, Chapter XXII. 
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effect are desired. On account of its prismatic qualities it gives a strong dif¬ 
fusion of light for office-use where privacy is desired. 

(2) Imperial Prism-Plate Glass. This is manufactured in large sheets, 54 
by 72 or 72 by 54 in, and can be cut into smaller sizes. It is made in several 
different angles in order to obtain the proper diffusion of light for varying 
conditions. It is a plate glass, ground and polished on one side. There are 
no wires or bars to collect dirt and retard the light and it is very easily cleaned. 
It is used in the upper sashes of windows and in transoms, store-fronts, etc. 

(3) Imperial Skylight Prism Glass. This is made in unit plates, 18 by 60 
in, with a p$-in back, and conforms to the requirements of the Board of Fire 
Insurance Underwriters. It is used for skylights, roofs over area ways and in 
light-wells, etc. The possibility of leakage is lessened on account of the large¬ 
sized plates in which it may be obtained. These plates, however, can be cut 
into smaller sizes if required. It is particularly adapted for lighting the rear 
parts of stores and for railway-stations, sheds, etc. 

Prism Glass, for glazing windows, skylights and sidewalk-lights, is now man¬ 
ufactured in a large number of forms in both prisms and sheets, and by several 
companies. This glass is made with sharp prisms which are glazed hori¬ 
zontally in the windows and by refracting the light throw it back horizontally 
into the rooms, adding very materially to the interior lighting. It is manu¬ 
factured by several companies and can be procured from glass-jobbers in 
practically all the cities of the United States. Glass prirms for lighting are 
made of pieces of glass of standard dimensions, about 4 in square, with a 
smooth outer surface and an inner surface divided into a series of prisms. 
They are, in many cases, formed into plates by the process of electroglazing, 
the edges of the prism-lenses being welded together, so to speak, by a 
narrow line of copper which gives the desired stiffness and strength for use in 
large frames, and also an attractive appearance considered by some to be 
superior to ordinary leaded work. These prism-plates can be made in 
any desired size, but for very large surfaces two or more plates, divided by 
means of metal sash-bars, are generally used. 

The commercial value of these prisms depends on that property of glass 
which causes what is krown as refraction. Prism-plates receive the light 
from the sky, not necessarily from the sun, and refract or turn it back into the 
room which is to be lighted. With an ordinary window the light from the 
sky, passing through the glass, strikes the floor at a point not very far distant 
from the window. As the color of the floor is usually dark, reflecting perhaps 
only one-tenth part of the light falling on it, the rear parts of the room receive 
only a small portion of the light which enters the window. For this reason 
it has been necessary to make very high stories for deep rooms, in order to 
light, even moderately, those parts which are at a distance from the window. 
When prisms are substituted for the common window-glass or plate glass, the 
rays of light as they enter the glass are refracted, and by employing prisms 
of the proper angle, the rays may be given almost any direction. Moreover, 
by utilizing different prisms in the same plate, some of the rays may be 
directed to the rear of the room while others are thrown so as to strike near 
the front. The prism-plates do not increase the quantity of light entering 
the window, but simply redistribute it, directing it into those portions of the 
room in which it is most needed. By thus changing the direction of light-rays 
a room with a low ceiling can be better lighted than when sheet or plate glass 
is used. To insure success in the lighting of interiors by means of prisms 
requires, however, a superior quality of glass, and careful scientific calcula¬ 
tions and experiments, besides practical and attractive means of glazing and 
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methods of installations. These requirements have been met by the several 
companies making these prisms and their products may be considered among 
the relatively new building materials. They have been very successfully 
applied to the lighting of dark rooms by daylight. The application of prisms 
to any particular building depends upon the surrounding conditions and 
requirements, each case requiring some special treatment; but in a general 
way the various appliances used in the installations may be divided into four 
classes as follows: 

(1) Vertical Plates, which are set directly in the sashes in place of the ordi¬ 
nary window-glass. They are commonly used for the transom-lights of 
store-windows and the upper sashes of double-hung windows. They may also 
fill the entire window. 

(2) Foriluxes, which are vertical prism-plates set in independent frames and 
placed in window-openings substantially flush with the face of the wall. 

(3) Canopies, which are external prism-plates in independent frames, 
placed over window-openings and set at an angle with the vertical, a position 
similar to that of an ordinary awning. 

(4) Pavement-Prisms, which are set in iron frames in the pavements or side¬ 
walks, in place of the ordinary bull’s-eye lights. In connection with the pave¬ 
ment-prisms, when a 
well-lighted basement 
is desired, vertical plates 
of prisms, hung below 
and opposite the pave¬ 
ment-lights, are often 
used. These hanging, 
vertical plates receive 
the light from the pave¬ 
ment-prisms, and again 
changing its direction, 
project it horizontally 

Refraction and Transmission of Light by Prisms into the basement. This 

feature is illustrated in 

the figure here given, reproduced through the courtesy of the Luxfer Prism 
Company. 

The canopies may be made either stationary or adjustable and may be 
employed in a variety of ways, combining the useful with the ornamental. 
The hanging, vertical plates lend themselves to a highly decorative treatment. 
In both the fixed and hanging vertical plates the prisms may be arranged to 
produce ornamental effects, and designs may be inwrought on the face of the 
prism-plates to correspond with the designs worked into the surfaces of the 
building and with the style of the entire facade. The prism-plates weigh no 
more, and often less, than plate glass of the same size, while they are much 
stronger in resisting wind-pressure, the action of hail and the impact of flying 
fragments. Although transmitting a very large amount of light, these prism- 
plates are not transparent in the ordinary sense, and may thus be used as 
screens to hide unattractive views or to prevent persons looking either in or 
out of a window. At the same time a maximum quantity of light is admitted. 
The prism-plates, owing to the stiff, durable manner in which they are united 
by the electro-glazing process, serve also as a fire-retardant or as a partial 
substitute for the ordinary iron fire-shutters. The copper glazing forms, as it 
were, a continuous rivet, which holds the individual prism-lights together, 
even after they have become badly cracked by the action of fire and water. 
The details of the various makes of prisms are too complicated to be set forth 
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in a few pages, but they are well described in the various handbooks and cata¬ 
logues published by the different manufacturers. From a commercial point 
of view the special advantages of these systems of interior lighting are mani¬ 
fold. They transform rooms, particularly basements, otherwise too dark for 
occupancy, into income-producing spaces; in many buildings they do away 
with the use of light-shafts, thus saving a large amount of valuable floor- 
space; and in all large or deep rooms they effect a great saving in artificial 
lighting. Once installed, there is no cost for maintenance. The extent to 
which these prisms have been used by architects, in both new and old build¬ 
ings, shows that they have had a decided influence upon commercial archi¬ 
tecture. 

Glass for Skylights. The glass ordinarily used for skylights is either 
rough or ribbed, plain or wired. Since w i re glass is very close in 
price to the plain glass, the use of it has materially increased. A corrugated 
glass similar to corrugated iron or asbestos, 34 in thick, is now being used 
very extensively for skylights, because it can be laid directly on the purlins 
without the necessity of a built-up frame, and, by this method of installation 
expansion and contraction can be taken care of so as practically to reduce 
breakage in skylight glass. The sizes of fiat glass used depend largely upon 
the pitch of the skylight, small sizes being more desirable when the pitch is 
slight. The weight of rough or ribbed glass, with or without wire mesh, is 
approximately as follows: 


Weight of Rough or Ribbed Glass 


Thickness in inches . 




Weight in pounds 





Glass for Mirrors. Mirrors are made by silvering one side of a sheet of 
polished plate glass. This is the only kind of glass suitable for making mir¬ 
rors, because, unless the surface of glass is polished, the reflection is distorted. 
Originally, mirrors were made by the old-style process of pressing the glass by 
means of heavy weights onto mercury, backed by tinfoil, the affinity of mer¬ 
cury for tin forming an amalgam which protected the back of the mirrors and 
gave the reflection. This was a very slow and expensive process. Practically 
all of the mirrors made to-day are manufactured by what is known as the 
patent-back process, in which nitrate of silver is precipitated in a film over 
the surface of the glass, thus giving it the property of reflecting. This film 
is afterward covered and protected by shellac, varnish and paint. This 
modern method of manufacture has made it possible to supply mirrors in 
considerably less time, and at a very much lower cost, than when manufac¬ 
tured by the old-fashioned mercury-back process. 

Ultra-violet Glass. Within the last few years glasses have been produced 
which will transmit ultra-violet rays ot short wave length which are shut out 
by ordinary glass. It is these vital ultra-violet rays which tan the skin, 
improve blood and bone and develop increased resistance to disease. They 
are of inestimable value to children in affording protection against rickets. 
Certain makes of this type of glass may be had in sheet, polished plate, obscure 
and skylight glass. Owing to the variety of brands on the market, some of 
which are comparatively new, it would be well to see that manufacturers’ 
claims are supported by controlled biological tests and actual experience in 
use as a means of establishing the efficiency of these glasses. 
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Anti-glare Glass. The increased use of glass in factory buildings, while 
it has resulted in greater daylight, has also brought about the problem of 
glare. In order to offset this condition, a glass has been devised known as 
actinic glass, which intercepts a very large percentage of the ultra-violet 
(chemically active) and infra-red (heat) rays of the sun. This glass, when 
glazed, usually affords greater visibility because of its anti-glare properties. 
At present, it is made in only the ribbed and rough surfaces, and in 
thick, either with or without wire. 


MEMORANDA ON ROOFING 

Shingles. The best shingles are those made from cypress, cedar, redwood, 
white and yellow pine and spruce, in the order mentioned. Redwood, while 
perhaps not quite as durable as cypress, is less inflammable; sawed pine 
shingles are inferior to cedar, and spruce shingles are not suitable for good 
work. 


Number and Weight of Cedar and Pine Shingles per Square of 
One Hundred Square Feet 


Length, 

in 

Assumed 

width, 

in 

Weather 
or gauge, 
in 

Number 

of 

shingles 

per 

square* 

Weight p 

Cedar, 

ib 

er square 

Pine, 

lb 

Number 

of 

nails 

per 

square 

Weight 
of nails 
per 

square, 

lb 


4 

4 

■SS| 

210 

233 

1 800 

4.50 


4 

4? 2 

■ 

200 

222 

1 600 

4 00 


4 

5 

1 - ■ ■ 

192 

213 

1 440 

3 60 


4 

5}j 

655 

197 

218 

1 310 

3 28 

20 

4 

6 

600 

mSM 

222 

1 200 

3 00 

22 

4 

6 4 

554 

■9 

226 

1 108 

2 77 

24 

4 

7 

515 

mm 

229 

1 030 

2 58 


•To allow for waste, add from 6 to 10 c /O , the greater allowance being for the shorter 
shingles. 


Sizes of Shingles. Cedar and redwood shingles as commonly sawed are 20 
in in length, and cypress shingles usually from 20 to 24 in long, the longer ones 
allowing a greater exposure to the weather. Redwood shingles and the cedar 
shingles from the States of Washington and Oregon, which States furnish 
most of the shingles used west of the Mississippi, are and in thick at 
the butt; cypress shingles are usually sawed thicker. Those used in Boston 
are in thick. Ordinary roofing-shingles are of random widths, varying 
from 2 to 14 and sometimes 16 in. They are put up in bundles, usually four 
bundles to the thousand. A thousand common shingles means the equiva¬ 
lent of 1 000 shingles 4 in wide. 

Dimension-Shingles are sawed to uniform width, either 4, 5, or 6 in. Dimen¬ 
sion-shingles with the butt sawed to various patterns are also carried in stock. 

On hip-roofs, or for four valleys, add 5% for cutting. On irregular roofs 
with dormer-windows, add 10%. It is claimed that redwood shingles will go 
farther than cedar shingles. With a rise to the roof of from 8 to 10 in to the 
foot, cedar shingles, or any shingles 16 or 18 in in length, should be laid from 
4 to 4 J^in to the weather; with a rise from 10 to 12 in, from 4j<£ to 4% in to 
the weather; and on steeper roofs they may be laid from 4j^ to 5 in. Red- 
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wood shingles may be laid in more to the weather. Some authorities allow 
.slightly greater exposures for these lengths. Where the longer shingles are 
used the exposure to the weather may be increased up to 7 in for the 24-in 
lengths. On walls cedar shingles are commonly laid 5 in to the weather, and 
redwood shingles 6 in. 

Labor. An average shingler should lay 1 500 shingles in 9 hours on plain 
work; on irregular roofs with dormers, 1 000 per 9 hours. 

Nails. It requires from 3}^ to lb of threepenny or from to 6j^ lb 
of fourpenny nails to 1 000 shingles, depending upon width and length of 
shingles. 

Slate Roofs 

Characteristics of Good Slate. A good slate should be both hard and tough. 
If the slate is too soft, however, the nail-holes will become enlarged and the 
slate will become loose. If it is too brittle the slate will fly to pieces in the 
process of squaring and holing and will be easily broken on the roof. “A good 
slate should give out a sharp metallic ring when struck with the knuckles; 
should not splinter under the slater’s axe; should be easily holed without 
danger of fracture, and should not be tender or friable at the edges.” The 
surface when freshly split should have a bright metallic luster and be free from 
all loose flakes or dull surfaces. Very few of the Vermont slates, however, 
have the metallic luster or ribbons. Some slates contain ribbons or seams 
which traverse the slate in approximately parallel directions. Slates contain¬ 
ing soft ribbons are inferior and should not be used in good work where 
exposed to weather. 

Color. The color of slates varies from dark blue, bluish black, and purple to 
gray and green. There are also a few quarries of red slate. The color of the 
slate does not appear to indicate the quality. All slate quarried in Maine is 
black as is also that quarried in Virginia, while that quarried in Pennsylvania 
and Maryland is also black but borders on dark blue and is advertised by some 
firms as dark blue or blue-gray. Slate quarried in New York State is red, of 
various tints, while that quarried in Vermont is of various colors, such as green, 
purple, variegated, etc. The red and dark colors were formerly considered 
the most effective but at the present time the greens are going on some of the 
largest and finest of the new residences. Some slates are marked with bands 
or patches of a different color, and the dark-purple slates often have large 
spots of light green on them. 

Color Nomenclature. For the purpose of utilizing the basic natural colors 
of roofing slate available in large quantities for general usage, it is recommended* 
that the following color nomenclature be used by architects, contractors, engi¬ 
neers, and others in their specifications. 

Black Gray Purple Green Red 

Blue-black Blue-gray Mottled purple and green Purple variegated 

These color designations shall be preceded by the word “unfading” or 
“weathering,” according to the ultimate color effect that may be desired. 

For roofs of special treatment certain quarries supply colors and combina¬ 
tions of colors other than those mentioned in the above list, and these should 
be regarded as “specials.” 


Simplified Practice Recommendations, R14-2 8 . Bureau of Standards. 
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Grading of Slates. The Monson, Me., slates and Brownville, Me., slates 
are graded as follows: No. 1. Every sheet to be full in thick, both sides 
smooth and all corners full and square. No pieces to be winding or warped. 

No. 2. Thickness may vary from to % in, all corners square, one side 
generally smooth, one side generally rough, no badly warped slates. 

The Bangor, Pa., slates are graded. 

No. 1 Clear. A pure slate without any faults or blemishes. 

No. 1 Ribbon. As well made as No. 1 Clear, except that it contains one or 
more ribbons (a black band or streak across the slate), which, however, are 
high enough on the slate to be covered when laid, thus presenting a No. 1 roof. 

No. 2 Ribbon. This contains several ribbons, some of which cannot be 
covered when laid. 

No. 2 Clear. A slate without ribbons, made from rough beds. 

Hard Beds. A clear Bangor slate, not quite as smooth as No. 1 Clear, but 
much better than No. 2 Clear. 

Ordinary Bent Slate. A smooth slate similar to No. 1 Clear, but bent at a 
radius of about 12 ft. 


Sizes of Roofing Slate * 

Dimensions of Slate Shingles for Sloping Roofs; Minimum to a Square 


(Each size split * to thickness of Me, l A. H, }£, U, 1, 1 \i, 1^2, 1^4, and 2 inches t) 


Face 

dimensions,! 
in inches 

Minimum 
number 
to square 
(3-in lap) 

Face 

dimensions,! 
in inches 

Minimum 
number 
to square 
(3-in lap) 

Face 

dimensions,! 
in inches 

Minimum 
number 
to square 
(3-in lap) 

10 by 6 

686 

14 by 9 

290 

18 by 12 

160 

10 by 7 

588 

14 by 10 

261 

20 by 10 

169 

10 by 8 

515 

14 by 12 

218 

20 by 11 

154 

12 by 6 

533 

16 by 8 

277 

20 by 12 

141 

12 by 7 

457 

16 by 9 

246 

20 by 14 

121 

12 by 8 

400 

16 by 10 

221 

22 by 11 

138 

12 by 9 

355 

16 by 12 

185 

22 by 12 

126 

12 by 10 


18 by 9 

213 

22 by 14 

§S||Bn£^H 

14 by 7 

374 

18 by 10 

192 

24 by 12 

115 

14 by 8 

327 

18 by 11 

175 

24 by 14 

98 


* The art of splitting slate blocks consists in progressively reducing resultant halves 
until the desired roofing-slate thickness has been reached or approximated. This hand- 
wrought characteristic appeals to architects and owners. It is not a simple matter to 
control precisely the splitting of this natural rock, nor can a uniformity of thickness 
throughout be assured. The recommended range of thicknesses to be aimed at by oper¬ 
ative splitters will meet all normal requirements and will insure the maximum of economy 
in the utilization of the many sizes of quarried blocks. 

t It is customary to regard a thickness falling between two standard thicknesses as a 
special ,” and it is the practice to base the price of the “ special ” upon the greater of the 
two standard thicknesses. 

! For thicknesses } •> in and more, it is not generally considered practicable to use 
lengths that are less than 16 in, although for roofs of special treatment it may be done in 
small quantities. In carrying out a desired design on special roofs, it is sometimes neces¬ 
sary to make shingles longer than 24 in, in which case the thicker slates are used. 

Note. —Where large quantities of thick slates are required of the shortest practical 
length, one or more of the next longer slates should be permitted for most economical 
utilization of material from the quarry. 
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Dimensions of Slate Shingles for Flat Roofs 

(Bach size split to following thicknesses: For ordinary service, m; for 
promenade and extraordinary service, % in and % in] 

FACE DIMENSIONS, IN INCHES 
6 by 6 10 by 6 12 by 6 

6 by 8 10 by 7 12 by 7 

6 by 9 10 by 8 12 by 8 

Nail-Holes. The standard practice is to punch two nail-holes in all slates. 

Dimension Nomenclature.* commercial standard thickness (that is, 
average or basic). The terms “ Jfg-in slate,” ’’full Jig-in slate,” or “not less 
than J{6-in slate” indicate a desire for a hand-picked selection, regardless of 
the added labor and cost. “Commercial standard” is the quarry run of 
production and shows tolerable variations above or below J/{g-inch. For the 
thicker slates, however, reasonable plus tolerances only are permissible; 
thus, a J^-in slate must be a full 34 or thicker. 

Laying. Slates are laid either on a board sheathing (rough, or tongued and 
grooved) covered with tarred or water-proof paper or felt, or on roofing-laths 
from 2 to 3 in wide and from 1 to 134 in thick, nailed to the rafters at distances 
apart to suit the gauge of the slates. Each slate should lap the slate in the 
second course below, 3 in. The slates are fastened with two threepenny or 
fourpenny nails, one near each upper corner. For slates 20 by 10 in or larger, 
fourpenny nails should be used. Copper, composition, tinned, or galvanized 
nails should be used. Plain-iron nails are speedily weakened by rust, and 
they break and allow the slates to be blown off. On iron roofs slates 
are often placed directly on small iron purlins spaced at suitable distances 
apart receive them, and fastened with wire or special forms of fasteners. 
The gauge of a slate is the portion exposed to the weather, which should be 
one-half the remainder obtained by subtracting 3 in from the length of the 
slate. Roofs to be covered with slate should have a rise of not less than 6 in 
to the foot for 20-in or 24-in slates, or 8 in for smaller sizes An experienced 
roofer will lay approximately 3 squares of slate in 8 hours. 

Elastic Cement. In first-class work, the top course of slate on the ridge, and 
slate for from 2 to 4 ft from all gutters and 1 ft each way from all valleys and 
hips, should be bedded in elastic cement. 

Flashings. By flashings are meant pieces of tin, zinc, or copper laid over 
slate and up against walls, chimneys, copings, etc. 

Counterflashings are of lead or zinc, and are laid between the courses in 
brick, and turned down over the flashings. In flashing against stonework, 
grooves or reglets often have to be cut to receive the counterflashings. 

Closed and Open Valleys. A closed valley is one in which the slates are 
worked tight to valley line, mitered and flashed in each course and laid in 
cement. In such valleys no metal can be seen. Close valleys should only be 
used for pitches above 45°. An open valley is one formed of sheets of copper 
or zinc 15 or 16 in wide, over which the slates are laid. 

Old English Method of Laying Slates. This method of laying slate in¬ 
volves the use of different shades of colored slates in graduated courses and in 
random widths, beginning at the eaves, for example, with slates 28 in long and 
lJ4 * n thick, and using the different thicknesses from l}4 to in, in shorter 
lengths, in working upward on the roof. The use of this kind of work for 


• Simplified Practice Recommendations, R14-28, Bureau of Standards. 
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roofs has increased in recent years and the method possesses vast possibilities 
for carrying out architects’ ideas for varied artistic effects. The slates are 
made with rough-cut edges in all thicknesses from $ to in, in a combina¬ 
tion of the same or various shades carefully selected in such proportion as to 
produce the best possible harmony, when laid. As all of these colors and 
shades are unfading, the weathered effect is obtained at once and is per¬ 
manent. These slates are made not only in usual sizes, but in the old English 
style, to be laid in graduated courses of different lengths and in random 
widths. Architectural or graduated roofing-slates should be specified to 
secure the light-and-shadow effect, and it is of the utmost importance to 
specify the thickness desired, as the price is the same for all sizes, while the 
cost varies according to thickness. When graduated courses are desired, 
specifications should call for the number of courses to be laid in each length 
and thickness beginning at the eaves courses, where the thickest slates are 
used in the largest sizes, sometimes 30 or even 36 in in length, and working 
upward on the roof with the shorter lengths and thinner slates to the ridges 
where the smallest sizes and thinnest slates are used. To secure a rough effect 
at minimum cost, specifications should call for textural or graduated roof, 
slates to be fully % in thick with rough cut edges and graduated courses in 
sizes ranging from 24 by 16 to 14 by 7 in, with punched nail-holes. To secure 
the best rough effect, specifications should call for eaves-courses not less than 
% in thick, stating the thickness desired for the eaves, and the number of 
courses desired in each length and thickness. Among the good specimens of 
the Old English style of roofing may be mentioned the buildings of Princeton 
University for the Graduate College, where different shades of unfading-green 
slates are used in thicknesses running from 1in at the eaves to ^ in at the 
ridge. 

Measurement. Slates are sold by the square, by which is meant a suffi¬ 
cient number of slates of any size to cover 100 sq ft of surface on a roof, with 
3 in of lap, over the head of those in the second course below. The square is 
also the basis on which the cost of laying is measured. “Eaves, hips, valleys 
and cuttings against walls or dormers are measured extra; 1 ft wide by their 
whole length, the extra charge being made for waste material and the increased 
labor required in cutting and fitting. Openings less than 3 sq ft are not 
deducted, and all cuttings around them are measured extra. Extra charges 
are also made for borders, figures, and any change of color of the work and 
for steeples, towers, and perpendicular surfaces.” 

Weight Slate roofing g in thick will weigh on the roof about 6j^ lb per 
sq ft, and if in thick, 8^4 lb, the smaller sizes weighing the most on account 
of the lap. The actual weight of a square foot of slate in thick is 3.63 lb. 
A cubic foot of slate weighs approximately 175 lb. The average shipping 
weight for No. 1, ^©‘in slates, is approximately 725 lb; for J^-in slates, 1 000 
lb; for H-in slates, 2 000 lb, etc. 

Roofing-Tiles 

General Notes on Roofing-Tiles. The term roofing-tile is commonly 
understood to refer to exterior roof-covering made from clay in units of various 
shapes and laid with overlapping edges. Clay or terra-cotta roof-tiles have 
long been very largely used in Europe, where their cost is much less than in 
America. Since the year 1893 the advance here in the character and extent of 
roofing-tile has been marked and rapid. This material can now be had at 
much lower prices than formerly prevailed, and the result has been that thou* 
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sands of squares of terra-cotta tiles have been placed on shops and factories 
which would under former conditions have been covered with slate or metal. 
There are so many patterns of roofing-tiles that it is impossible here to enter 
into a description of them. Of the various patterns, those which interlock 
are considered, from a practical standpoint, to make the most satisfactory roof. 

Laying Roofing-Tiles. Roofing-tiles have been laid directly on a porous 
book tile or concrete base or on a sheathed surface over such base, or they have 
been fastened to stripping over the sheathing or wooden or steel purlins by 
means of copper wires. When thus fastened by wires, the joints were usually 
pointed on the under side after they were laid, to prevent the entrance of dust 
or dry snow. Tiles of the older patterns were nailed to the sheathing, but 
later on this method was superseded by the practice of fastening with copper 
wires from pierced lugs near the lower ends of the tiles. The best modern 
method, however, seems to be the one involving a solid continuous base for 
the roofing-tiles, whether or not purlins are used. “Such purlins should be 
filled in between either with book tiles or a concrete base and felt should be 
laid thereon. The book tiles, if used, should be of a porous quality. Instead 
of regarding the nailing of tiles as a defective method, we have returned to it 
as the only proper method of fastening tiles and have eliminated the stripping 
of sheathed roofs and the use of copper wires. Such methods would do in some 
portions of central Europe where the winds and other climatic conditions are 
not severe, but through a twenty-five years’ experience in the varied climatic 
conditions of the United States, we have found that the nailing of tiles with 
copper nails is the only satisfactory method of application. We have also 
found that a roof should be sheathed and covered with a good asphaltum-felt 
to prevent wind-suction.” * Roofing-tiles weigh from 750 to 1 200 lb per 
square of 100 sq ft. 


Specifications for Tile Roofing 

The following specification f contains valuable suggestions for the proper 
laying of tile roofs: 

All pitched roofs shall be covered with (-) tiles with fittings suitable for 

each pattern unless otherwise selected by the architect. The tiles as specified 
above are to be hard-burned, of red color, and in accordance with samples 
deposited in the office of the architect. 

(1) Preparation of Roof. Before the roofer is sent for, the owner or general 
contractor is to construct the roofs in strict accordance with the plans, sheath 
the roofs tigiit, have all chimneys and walls above the roof-line completed, 
have all vent-pipes put through the roofs, furnish all strips of required width 
used under hip-rolls, furnish all] lj by J^-in cant-strips used under the tiles 
at the eaves and have all the scaffolding ready for the roofers’ use. The metal- 
contractor is to have all gutters in place on the roof (gutters, whether box, 
hanging or secret gutters, are to extend over the roof-sheathing and cant- 
strips, and run under the felt and tiles at least 8 in) and is to have in place, 
also, all valley-metal, the width of which is to be not less than 24 in, with both 
edges turned up m through the entire length of the valley. The valley- 
metal is to be fastened with clips and never nailed or punctured in any manner. 
The valley-metal is to be laid over one layer of felt running lengthwise the 
entire distance of the valley. The metal contractor is to have in readiness all 

• Quoted by permission from data on roof-tiling, by the Ludowid-Celadon Company, 
Chicago, Ill. 

t Prepared from data furnished by the Ludowici-Celadon Company, Chicago, Ill, 
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flashing-metal used alongside and in front of dormers, gables, skylights, towers 
and perpendicular walls, and around vent-pipes and chimneys, and is to place 
the same after the arrival of the tile-roofer ajid under his direction. 

(2) Laying the Felt. After the roofs have thus been prepared to receive the 
felt and tiles, the tile-roofer is to cover the sheathing of the roofs with one 
thickness of asphalt roofing-felt weighing not less than 30 lb to the square, 
laying the same with a 2^-in lap and securing it in place by capped nails. 
The felt is to be laid parallel with the eaves, lapped over all valley-metal about 
4 in and laid under all flashing-metal about 6 in. 

(3) Laying the Tiles. The roof having thus been prepared, the tile-layer is 
to fasten the tiles with copper nails. The roofer is to see that the tiles are well 
locked together and that they lie smoothly, and no attempt is to be made to 
stretch the courses. The tiles are to be laid so that the vertical lines are paral¬ 
lel with each other and at right-angles to the eaves. The tiles that verge along 
the hips are to be cut close against the hip-boards, and a water-tight joint 
made by cementing cut hip-tiles to the hip-boards with elastic cement. Each 
piece of hip-roll is then to be nailed to the hip-board, and the hip-rolls are to 
be cemented where they lap each other. The interior spaces of hip-rolls and 
ridge-rolls are not to be filled with the pointing-material. 

Sheet-Metal Tiles. Roofing-tiles stamped from sheet steel, plain or galva¬ 
nized, and also from sheet copper, in imitation of clay tiles, are made by several 
manufacturers and have been extensively used for factories and buildings of 
secondary importance. The first cost of these tiles, except those made of 
copper, is much less than that of clay tiles and they do not require as heavy 
roof-framing. Tin or galvanized-iron tiles, however, must be painted every 
few years, so that for a long period of years they probably cost as much as clay 
tiles and more than slate. 


Tin Roofs 

The Sheets. Roofing-plates are made of soft steel of various special anatyses, 
or wrought iron (more commonly of the former), covered with a mixture of lead 
and tin, and are designated terne-plates, in distinction from plates coated 
only with tin and therefore called bright tin. Roofing-plates are coated by 
two methods. (1) The original method of coating the plates consisted in dip¬ 
ping the black plates by hand into the mixture of tin and lead, and allowing 
the sheets to absorb all the coating that was possible; and at least one brand 
of roofing-tin is still made by this process. (2) The other process, by which 
the majority of roofing-plates are now made, is known as the patent-roller- 
process, by which the plates are put into a bath of tin and lead, and are 
passed through rolls. The pressure of these rolls leaves on the iron or steel a 
thickness of coating which, to a great extent, determines the value of the plates. 
These rolls can be adjusted to leave a relatively large amount of coating on the 
plate, an ordinary coating, or a very scant coating. The heavier the coating 
the more valuable the plate. Some makers employ a variation of this patent 
process, by which the plates are given an extra dip, by hand, in an open pot, 
to give a hand-dipped finish. 

Brands. The best roofing-plates always have the brand stamped on them, 
and as the manufacturers have a pecuniary interest in keeping up the reputa¬ 
tion of these brands, the only way of being sure of a good tin roof is to specify 
a brand of tin that has a reputation for quality and durability. Machine-made 
plates are usually stamped with the weight of coating per box of 112 sheets, 
28 by 20-in size. 
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Sizes of Sheets. The common sizes of tin plates are 10 by 14 in and multi¬ 
ples of that measure. The sizes generally used are 14 by 20 in and 28 by 20 in. 
The larger size is the more economical to lay, and hence roofers prefer to use it; 
but for flat roofs the 14 by 20-in size makes the better roof. 

Thicknesses of Sheets. Terne-plates are made in two thicknesses, IC, in 
which the iron body weighs about 50 lb per 100 sq ft, and IX, in which it 
weighs 62 lb per 100 sq ft. For roofing, the IC, or lighter weight, is to be 
preferred, because the seams do not contract and expand as much as they do 
when the thicker plates are used. For spouts, valleys and gutters, however, 
IX plates should always be specified, and should preferably be used for flash¬ 
ings, as they are stiffer and less liable to be dented or punched. The thickness 
of the iron does not add to the durability of the plates, as this depends entirely 
upon the tin coating. 

Weights of Sheets. The standard weight of 14 by 20-in IC terne-plates is 
107 lb for 112 sheets, the number'usually packed in one box, and of 14 by 20-:n 
IX sheets, 135 lb. The 28 by 20-in sheets should weigh just twice as much. 
The black sheets, before coating, should weigh, per 112 sheets, from 95 to 100 
lb for IC, 14 by 20-in sheets, and from 125 to 130 lb for IX, 14 by 20-in sheets. 
The difference between the weights of the black sheets and finished sheets is 
the weight of the tin. A heavily coated tin should weigh from 115 to 120 lb 
per 112 sheets for IC, 14 by 20-in sheets, and from 145 to 150-lb for IX, 14 by 
20-in sheets. The 28 by 20-in sheets should, of course, weigh twice as much. 

The Roof. Roofs of less than one-third pitch are made with flat seams and 
should preferably be covered with 14 by 20-in sheets rather than with 28 by 
20 -in sheets, because the larger number of seams stiffens the surface and helps 
to prevent buckles and rattling in stormy weather. For a flat-seam roof, the 
edges of the sheets are turned in, locked together and well soaked with 
solder. The sheets arc fastened to the sheathing-boards by cleats spaced 8 in 
apart and locked in the seams. Two 1-in barbed and tinned-wire nails are 
used in each cleat. No nails should be driven through the sheets. The seams 
must be made with great care and sufficient time taken to properly sweat the 
solder into the seams. Steep tin roofs should be made with standing seams 
and with 28 by 20-in sheets. The sheets are first single-seamed or double- 
seamed and usually soldered together, preferably end to end, into long strips 
that reach from eaves to ridge. The sloping seams are composed of two 
UPSTANDS, interlocked at the upper edge, and held to the sheathing-boards by 
cleats. The standing seams are usually not soldered but simply locked 
together with the cleats folded in about 1 ft apart. Nails should be driven 
into the cleats only. The use of acid in soldering the seams of a tin roof 
should be carefully avoided as acid coming in contact with the bare iron on 
the cut edges and comers, where the sheets are folded and seamed together, 
causes rusting. No other soldering-flux but good rosin should ever be used. 

Durability of Tin Roofs. A tin roof of good material, properly put on, and 
kept properly painted, will last from forty to fifty years, or longer. All traces 
of rosin left on the roof should be removed as soon as the tin is laid and sol¬ 
dered, and one coat of paint should be applied promptly; a second coat should 
follow two weeks after the first. One or more layers of felt or water-proof 
paper should be placed under the tin, to serve as a cushion, and also to deaden 
the noise produced by rain striking the tin. The durability of tin roofing, 
and especially of tin gutters, valleys and flashings, is generally increased by 
painting the tin on the back before laying. An excellent paint for tin roofs is 
composed of 10 lb of Venetian red, 1 lb of red lead and 1 gal of pure linseed-oil. 
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Maintenance of Tin Roofs. The tin roof should be given one coat of paint 
after it is laid and an additional coat of paint at four-year or five-year intervals 
should be amply sufficient to keep its upper surface in first-class condition as 
long as the building stands. With each painting the roof is fully restored to its 
original condition. Graphite and tar paints should be avoided on tin roofs. 
Metallic brown, Venetian red, red oxide or red lead, only, should be used as 
pigments, with pure linseed-oil. Tinned gutters should be swept clear of accu¬ 
mulations of leaves, dirt, etc., and if water has a tendency to lie in the gutters 
they should be painted yearly. 

Number of Sheets Required to a Square. For flat-seam roofing a sheet 
of tin 14 by 20 in, with 3^-in edges, measures, when edged or folded, 13 by 19 
in, or 247 sq in; but its covering capacity when jointed to other sheets on the 
roof is only 12}^ by 183^ in, or 231.25 sq in. The number of sheets to a 
square, therefore, equals 14 400 divided by 231.25 or 63, and an area of 
1 000 sq ft requires 625 sheets. A box of 112 14 by 20-in sheets will cover, 
approximately, 180 sq ft. Sheets 28 by 20 in, when edged or folded, have a 
covering capacity of 490.25 sq in each. To cover 1 000 sq ft (10 squares) 
requires 294 sheets. For standing-seam roofing the locks require 2j^ in 
off the width and lj^ in off the length of the sheet. A 28 by 20-in sheet, with 
the seams on the long edges, will cover 463 sq in. To cover 1 000 sq ft 
requires 312 sheets. 


How a Tin Roof Should be Laid * 

The Slope of the Roof. If the tin is laid with a flat seam or flat lock, the roof 
should have an incline of in or more to 1 ft. If laid with a standing seam, 
there should be an incline of not less than 2 in to 1 ft. Although tin is used on 
roofs of less pitch than this and on some which are almost flat, a good pitch is 
desirable to prevent the accumulation of water and dirt in shallow puddles. 
Gutters, valleys, etc, should have sufficient incline to prevent water from 
standing in them or backing up far enough to reach standing seams. Tongued 
and grooved sheathing-boards of well-seasoned dry lumber are recommended. 
Narrow widths are preferable, and the boards should be free from holes, and 
of even thickness. A new tin roof should never be laid over old tin, rotten 
shingles, or tar roofs. Sheathing-paper is not necessary where the boards are 
laid as specified above. If steam, fumes, or gases are likely to reach the under 
side of the tin, some good water-proof sheathing-paper should be used. Tarred 
paper should never be used. No nails should be driven through the sheets. 

Flat-Seam Tin Roofing. When the sheets are laid singly, they should be 
fastened to the sheathing-boards by cleats, using three to each sheet, two on 
the long side and one on the short side. Two 1-in barbed-wire nails should 
be used to each cleat. If the tin is put on in rolls the sheets should be made 
up into long lengths in the shop, and the cross-seams locked together and well 
soaked with solder. They should be edged }/% in, and fastened to the roof with 
cleats spaced 8 in apart, and the cleats locked into the seam and fastened to 
the roof with two 1-in barbed-wire nails to each cleat. 

Standing-Seam Tin Roofing. The sheet should be put together in long 
lengths in the shop, and the cross-seams locked together and well soaked with 
solder. They should be applied to the roof the narrow way, and fastened with 
cleats spaced 1 ft apart. One edge of the course is turned up 1in at a right 
angle, and the cleats are installed. The adjoining edge of the next course is 

• These suggestions are in accordance with the standard working specifications adopted 
by the National Association of Sheet Metal Contractors. 
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turned up 1)4 in, and these edges are locked, turned over and the seam flat¬ 
tened to a rounded edge. 

Valleys and Gutters. These should be lined with IX tin, and formed with 
flat seams, the sheets being applied the narrow way. It is important to see 
that good solder, bearing the manufacturer’s name, is used, that it is guaran¬ 
teed one-half tin and one-half lead, new metals, and that nothing but rosin is 
used as a flux. The solder should be well sweated into all seams and joints. 

Painting. All painting should be done by the roofer. The tin should be 
painted one coat on the under side before it is applied to the roof. The upper 
surface of the tin roof should be carefully cleaned of all rosin-spots, dirt, etc., 
and immediately painted. The approved paints are metallic brown, Vene¬ 
tian red, red oxide, and red lead, mixed with pure linseed oil. No patent 
drier or turpentine should be used. All coats of paint should be applied with 
a hand-brush, and well rubbed on. A second coat should be applied two 
weeks after the first and a third coat one year later. 

Caution. No unnecessary walking over the tin roof, or use of it for storage 
of materials, should be allowed at any time. Workmen should wear rubber- 
soled shoes or overshoes when on the roof. Wherever the slope is steep enough 
the tin should be laid with standing seams, which allow for expansion and 
contraction. 


Sizes, Weights, Etc., of Roofing-Tin * 

Roofing-tin is usually furnished in two sizes, sheets 14 by 20 in and 28 by 
20 in, packed 112 sheets to the box. Target-and-Arrow tin is furnished in 
three thicknesses: IC thickness, approximately No. 30 gauge, U. S. Standard; 
IX thickness, approximately No. 28 gauge, U. S. Standard; 2X thickness, 
approximately No. 27 gauge, U. S. Standard, etc. Weight per 100 sq ft laid 
on the roof, about 65 lb for IC thickness. 


Covering Capacity of Roofing-Tin 

Flat-Seam Tin Roofing. The following table shows the quantity of 14 by 
20 -in tin required to cover a given number of square feet with flat-seam tin 
roofing A sheet 14 by 20 in with in edges measures, when edged or folded, 
13 by 19, or 247 sq in, but its covering capacity when joined to other sheets on 
the roof is only 12)4 by 18)4 in. nr 231.25 sq in. In the following table each 
fractional part of a sheet is counted a full sheet. 

* The following tables of sizes, weights, covering capacities and costs are adapted from 
useful data compiled for the use of sheet-metal workers by the N. & G. Taylor Company, 
Philadelphia, Pa. 
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No. of square feet 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

Sheets required.... 

63 

69 

75 

81 

88 

94 

100 

106 

112 

119 

125 

No. of square feet . 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

Sheets required.... 

131 

137 

144 

150 

156 

162 

169 

175 

181 

187 

193 

No. of square feet 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

Sheets required... 

200 

206 

212 

218 

224 

231 

237 

243 

249 

256 

262 

No. of square feet 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

Sheets required. . . . 

268 

274 

281 

287 

293 

299 

305 

312 

318 

324 

330 

No. of square feet 

540 

550 

560 

570 

580 

590 

600 

610 

620 

630 

640 

Sheets required. 

337 

343 

349 

355 

362 

368 

374 

380 

386| 

393 

396 

No. of square feet 

650 

660 

670 

680 

690 

700 

710 

720 

730 

740 

750 

Sheets required.... 

405 

411 

418 

424 

430 

436 

442 

4481 

455 

461 

467 

No. of square feet 

760 

770 

780 

790 

800 

810 

820 

830 

840 

850 

860 

Sheets required. 

474 

480 

486 

492 

499 

505 

511 

517 

523 

530 

536 

No of square feet 

870 

880 

890 

900 

910 

920 

930 

940 

950 

960 

970 

Sheets required. 

No. of square feet 
Sheets required. . 

542 

980 

610 

548 

990 

017 

554 

1000 

625 

561 

567j 

573 

1 

579 

586 

592 

598 

604 


A box of 112 sheets 14 by 20 in laid in this way will cover 180 sq ft. 


Flat-Seam Tin Roofing. The following table shows the number of 28 by 
20 -in sheets required to cover a given number of square feet with flat-seam tin 
roofing. The flat seams edged 3^ in take 1 ^ in off the length and width of the 
sheet. The covering capacity of each sheet is, therefore, 26j^ by in, or 
490.25 sq in. In the following table each fractional part of a sheet is counted 
a full sheet. 


No. of square feet 

100 

110 

120 

130 

140 

150 

Kfffl 

170 

180 

190 


Sheets required... 

30 

33 

36 

39 

42 

45 

47 

50 

53 

56 

59 

No. of square feet 

210 

220 

230 

240 

250 


270 

280 

290 

300 

310 

Sheets required... 

62 

65 

68 

71 

74 

77 

80 

83 

86 

89 

92 

No. of square feet. 

320 

330 

340 

350 

360 

370 

380 

390 

mm 

410 

420 

Sheets required... . 

94 

97 

100 

ui 

106 

109 

112 

115 

118 

121 

124 

No. of square feet 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

Sheets required... 

127 

130 

133 

136 

139 

141 

144 

147 

150 

153 

156 

No. of square feet. 

540 

550 

560 

570 

580 

590 

600 

610 

E0 

630 

640 

Sheets required. 

159 

162 

165 

168 

171 

174 

177 

180 

183 

186 

188 

No. of square feet.. 

650 

660 

670 

680 

690 

700 

710 

720 

730 

740 

750 

Sheets required. . 

191 

194 

197 

200 

203 

206 

209 

212 

215 

218 

221 

No. of square feet. 

760 

770 

780 

790 

800 

810 

820 

830 

840 

850 


Sheets required. 

224 

227 

230 

233 

235 

238 

241 

244 

247 

250 

253 

No. of square feet.. 

870 

880 

890 

900 

910 

920 

930 

940 

950 

960 

970 

Sheets required... 

256 

259 

262 

265 

268 

271 

274 

277 

280 

282 

285 

No. of square feet 

980 

990 

irofn 










288 

291 

294 










A box of 112 sheets 28 by 20 in laid in this way will cover 381 sq ft. 


Standing-Seam Tin Roofing. The following table shows the number of 
14 by 20-in sheets required to cover a given number of square feet with stand¬ 
ing-seam roofing. The standing seams, edged 1% and in, take 2% in 
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off the width; and the flat cross-seams, edged % take lH in off the length 
of the sheet. The covering capacity of each sheet is, therefore, 11}^ by 18 
in, or 212.34 sq in. In the following table each fractional part of a sheet is 
counted a full sheet 


No of square feet 

100 

no 

120 

130 

140 

150 

160 

170 

180 

190 

200 

Sheets required... . 

68 

75 

82 

89 

95 

102 

109 

116 

J23 

129 

136 

No. of square feet 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

Sheets required.... 

143 

150 

156 

163 

170 

177 

184 

190 

197 

204 

211 

No. of square feet 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

Sheets required.... 

218 

224 

231 

238 

245 

251 

258 

265 

271 

279 

285 

No. of square feet 

430 

440 

450 

400 

470 

480 

490 

500 

510 

520 

530 

Sheets required. 

292 

299 

306 

312 

319 

326 

333 

340 

346 

353 

360 

No of square feet . 

540 

550 

560 

570 

580 

590 

600 

610 

620 

630 

640 

Sheets required. 

367 

374 

379 

387 

393 

401 

407 

414 

421 

428 

435 

No of square feet 

650 

660 

670 

680 

690 

700 

710 

720 

730 

740 

750 

Sheets required. . 

441 

447 

455 

462 

468 

475 

482 

489 

495 

501 

509 

No of square feet 

760 

770 

780 

790 

800 

810 

820 

830 

840 

850 

860 

Sheets required .. 

515 

523 

529 

536 

543 

550 

557 

563 

570 

577 

584 

No of square feet 

870 

880 

890 

900 

910 

920 

930 

940 

950 

960 

970 

Sheets required. 

No of square feet 
Sheets required 

590 

980 

665 

597 

990 

672 

604 

1000 

679 

611 

i 

618 

623 

630 

637 

644 

651 

658 


A box of 112 sheets 14 by 20 in laid in this way will cover 165 sq ft. 


Standing-Seam Tin Roofing. The following table shows the number of 
28 by 20-in sheets required to cover a given number of square feet with stand¬ 
ing-seam roofing. The standing seams take 2% in off the width, and the flat 
cross-seams, edged % in, take 1 in off the length of the sheet. The covering 
capacity of each sheet is, therefore, 26by Yi}/\ in. or 463 59 sq in. In the 
following table each fric* ! 'w*»l part of a sheet is counted a full sheet. 
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A box of 112 sheets 28 by 20 in laid in this way will cover 360 sq ft. 
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Laying the Long or Short Way. Sheets 14 by 20 in can be laid either the 
long or short way. The best roof is made by laying the sheets the 14-in way; 
similarly, in using the 28 by 20-in sheets, they, should always be laid the 20-in 
way, that is, with the short dimension crosswise 

Tin in Rolls, or Gutter-Strips 

Number of sheets required per linear foot for 20 and 28-in widths 



Tin in Rolls. For the convenience of roofers and for rush-orders, certain 
brands are put up in rolls 14, 20 and 28 in wide. Each roll contains 108 sq ft 
(about 63 lin ft, 28 by 20-in sheets laid 20 in wide). The tin is painted on one 
or both sides, as wanted, with an approved metallic brown paint. The seams 
are carefully soldered by hand, good 100 to 100 solder and rosin being used as 
a flux. 
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Slag or Gravel Roofing 

The Ordinary Gravel Roofing over boards is formed by first covering the 
surface of the roof with dry felt (paper) and over this laying three, four, or five 
layers of tarred or asphaltic felt lapping each other like shingles, so that only 
from 6 to 10 in of each layer are exposed. In laying roofs over concrete the dry 
felts are omitted, a mopping of pitch (or a primary coat and mopping of asphalt) 
being placed directly over the concrete and the felts embedded therein. 

Flashing. Walls, chimneys, curbs of skylights, etc., when of metal, are 
reinforced behind the metal base by flashing with three plies of felt set in 
separately, in hot pitch or asphalt, extending out over the roofing felts at least 
4 in and up the vertical wall at least 6 in. When felt and plastic elastigum 
are used for base flashing, the same are set in separately, four trowel coats of 
plastic and three plies of felt, extending out over the roofing at least 6 in 
and up the vertical wall at least 10 in. The several layers of felt can be 
fastened to the walls at the top with metal or creosoted-wood nailing-strips 
well pointed up with plastic elastigum. Metal counter-flashings to protect 
the felt are better than wooden strips and should be used when possible. At 
the caves and on all exposed edges, metal gravel-stops should be used. After 
nailing the metal base flashing or metal gravel-stops on the roof, they should 
be stripped over with two plies of felt, set in hot pitch, before slagging the 
roof. 

A Better Method of Slag or Gravel Roofing is to lay two plies of tarred felt, 
lapping each other 17 in, and then spreading a coat of pitch over the entire roof. 
On this three more layers of felt are laid full mopped between and then coated 
with pitch poured from a dipper, into which the crushed slag or screened 
gravel is embedded. 

Specifications for Pitch-Slag or Gravel Roofing. The following specifica¬ 
tion-notes * describe the latter method more in detail and also the materials 
that should be used to secure a first-class job. These roofs are most efficient 
and durable on comparatively flat inclines. The usual built-up roof consists 
of successive layers of saturated felt cemented together and surfaced with coal- 
tar pitch or asphalt, into which is embedded the gravel or slag. Tile is also 
used as a surfacing material. The saturants used in the felt are generally 
coal-tar or asphalt-compounds. 

(1) Specification for Pitch-Slag or Pitch-Gravel Roofing Over Wooden 
Sheathing 

This specification should not be used when the roof-incline exceeds 2 in to 
1 ft * 

Lay one thickness of sheathing-paper or unsaturated felt weighing not less 
than 5 lb per 100 sq ft, lapping the sheets at least 1 in. 

Over the entire surface lay two plies f of tarred felt, lapping each sheet 17 in 
over the preceding one, and nail as often as is necessary to hold them in place 
until the remaining felt is laid. 

* Condensed and adapted from the roofing specifications published by the Barrett 
Company and known, in their full form, as “The Barrett Specifications ” 

t In the Western States the number of “plies” is construed to mean the total num¬ 
ber of layers, including dry as well as saturated felt, and the terms 3-ply, 5-ply, etc., are 
hereinafter used on that basis. In the Eastern States, 3-ply, 5-ply, etc., usually refers 
to the number of layers of saturated felt. The total number of layers should always be 
specified if there is any doubt as to the exact meaning of the term as used in the speci¬ 
fications. 
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Coat the entire surface uniformly with pitch. 

Over the entire surface lay three plies of tarred felt, lapping each sheet 
22 in over the preceding one and mopping with pitch the full 22 in on each 
sheet, so that in no place felt touches felt. Do' such nailing as is necessary so 
so that all nails are covered by not less than two plies of felt.. 



Diagram of Gravel or Slag Roofing on Diagram of Gravel or Slag Roofing on 
Wooden Sheathing Concrete Base 


Spread over the entire surface a uniform coating of pitch, poured from a 
dipper, into which, while hot, embed not less than 400 lb of gravel or 300 lb of 
slag to each 100 sq ft. The grains of the gravel or slag arc to be from to 
% in in size, and dry and free from dirt. 

The roof may be inspected before the gravel or slag is applied, by cutting a 
slit not less than 3 ft long at right-angles to the direction in which the felt is 
laid. All felt and pitch is to bear the manufacturer’s label. 

(2) Specifications for Pitch-Slag or Pitch-Gravel for Roofing over Concrete 

This specification should not be used when the roof-incline exceeds 1 in to 
the foot. When the incline exceeds 1 in to 1 ft the concrete must permit of 
nailing or nailing-strips must be provided. 

Coat the concrete uniformly with hot pitch. 

Over the entire surface lay two plies of tarred felt, lapping each sheet 17 in 
over the preceding one, mopping with pitch the full 17 in on each sheet, so that 
in no place felt touches felt. 

Coat the entire surface uniformly with pitch. 

Over the entire surface lay three plies of tarred felt, lapping each sheet 22 in 
over the preceding one and mopping with pitch the full 22 in on each sheet, so 
that in no place felt touches felt. 
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Spread over the entire surface a uniform coating of pitch, poured from a 
dipper, into which, while hot, embed not less than 400 lb of gravel or 300 lb of 
slag to each 100 sq ft. The grains of the gravel or slag are to be from to 
% in in size, and dry and free from dirt. 

The roof may be inspected before the gravel or slag is applied, by cutting 
a sample at right-angles to the direction in which the felt is laid, not less than 
4 in wide nor less than 3 ft long. After examination, the sample should be 
replaced and covered over with the same number of plies that constitute the 
roofing, each set in successively in hot pitch and each 4 in wider and longer 
than the preceding ply. All felt and pitch are to bear the manufacturer’s 
label, and it is advantageous to have them also carry the Underwriters’ label 
for materials as required for a Class A roof. 

Notes on Slag and Gravel Roofing. The difference between slag and gravel 
roofing is that for the former crushed slag is used instead of gravel. The 
greater the number of plies of tarred felt, the greater the amount of pitch that 
it is practical to use. and it is the pitch that gives life to the roof. As there are 
several different weights and qualities of tarred felt, a specification should state 
either the minimum weight per 100 sq ft, single thickness (the most practical 
weight is from 14 to 16 lb), or some known quality, such as Barrett’s “Speci¬ 
fication Tarred Felt.” Felt weighing less than 12 lb per 100 sq ft is not eco¬ 
nomical even on the cheaper work. To comply with the Barrett specification 
the materials necessary for each 100 sq ft of completed n'of are approximately 
as follows: 


Over boards 

Material 

Over concrete 

108 sq ft 

80 to 85 lb 
120 to 160 lb 
400 lb 

300 lb 

Sheathing-paper 
Specification tarred felt 
Specification-pitch 
Gravel 

Slag 

None 

80 to 85 lb 
180 to 225 lb 
400 lb 

300 lb 


In estimating felt, the average weight is practically 15 lb per 100 sq ft, 
single thickness, and about 10% additional is required for laps. In estimating 
pitch the weather-conditions and expertness of the workmen will affect the 
amount necessary for the moppings and for a proper embedding of the gravel 
or slag. As there are several qualities of pitch, a specification should either 
specify it by name, such as “Specification-Pitch” or “Straight-Run Coal- 
Tar Pitch,” or in specifying asphalt-pitch, the brand or origin should be plainly 
defined. The use of an under-layer of sheathing-paper next to board-sheath¬ 
ing is mainly for the purpose of preventing any pitch which might penetrate 
the felt from cementing the roofing to the sheathing. It is also of value in 
preventing the drying out of the roof from below through open joints. Where 
a less expensive roof is desired, four plies or three plies of saturated felt may be 
used. With the four plies there should be used from 90 to 100 lb of pitch per 
100 sq ft of completed roof; and with the three plies from 70 to 80 lb of pitch. 

Durability of Slag or Gravel Roofs. These roofs, mentioned in the pre¬ 
ceding paragraph, will last from five to ten years, or even longer, depending 
upon the quality of the materials used and the care with which they have been 
applied. Roofing put on strictly as provided for in the standard specifications 
will last twenty years or more, and if a tile surface is used, instead of gravel 
or slag, the roofing will last as long as the structure itself. 
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Resistance to Fire, Acid-Fumes, Etc. The fire-resisting properties of the 
slag or gravel roof are due principally to the incombustible material on the sur¬ 
face. It is claimed that the gravel or slag tends to prevent the successive 
layers of felt and pitch from burning and the whole mass has a blanketing 
influence on fires originating within the building. Some carefully conducted 
tests seem to indicate that gravel roofing protects a wooden roof better than 
tin. The general effect of a fire upon gravel roofing is to soften the pitch or 
asphalt in the roofing, to burn out the inflammable oil in them and to cause 
the residue to swell and form a porous, incombustible coke. This type of 
roofing is not attacked by corrosive gases or acid-fumes, and is used exten¬ 
sively on railroad-roundhouses and other structures where the conditions are 
particularly severe. Coal-tar or tar-oil should not be added to the pitch to 
soften it. 

Bonded Guarantees. Bonded roofing offered by manufacturers of built- 
up roofing-material has no specific value unless the furnishings of the bond 
necessitate: (1) Delivery of high quality materials, (2) in such quantity as 
required by specifications covering proved long-lived roofs, (3) and applied 
exactly in accordance with such specifications, (4) by roofers of proved experi¬ 
ence and integrity, (5) under the inspection supervision of the manufac¬ 
turer’s representative. 


Asphalt-Gravel Roofing 

Asphalt-Gravel or Asphalt-Slag Roofing differs from coal-tar roofing princi¬ 
pally in the substitution of asphalt or asphaltic cement for the coal-tar pitch, 
for saturating the felt as well as for mopping and surface-coating. It is 
claimed that the oils of asphalt do not evaporate as quickly as do those of 
coal-tar pitch under ordinary temperatures and that, therefore, the flexibility 
and life of asphaltic felts and coatings are not as quickly destroyed. As a 
matter of fact, asphalt roofs, particularly on comparatively flat decks, have 
not proved as long-lived as some coal-tar roofs. In sections of the country 
where moisture is prevalent and water remains on the roof, erosion of the 
asphalt top coating has released the slag or gravel, thus permitting the 
weather-protection or fire-resistance value to be removed. Where the pitch 
of the roof is comparatively steep, however, the water runs off freely and the 
asphalt is less liable to slippage. 

Specifications for Asphalt Roofing. The following specifications are 
for Warren’s heavy standard Anchor-brand roofing. The manner of laying 
the felting differs from that ordinarily employed for coal-tar roofing. 

(1) Specification for Asphalt-Gravel Roofing Over Wooden Sheathing 

Cover the roof with two thicknesses of Warren’s Composite roofing-felt, 
manila-paper side down, lapping each sheet 17 in over the preceding one, and 
securing with nails through tin discs about ft apart. 

Over the entire surface of the Composite felt thus laid, mop an even coating 
of Warren's Anchor Brand roofing-cement, into which, while hot, lay two 
thicknesses of Anchor Brand felt, lapping each sheet 17 in over the sheet pre¬ 
ceding, sticking these laps the full width with hot Anchor cement and securing 
with nails through tin discs not more than 20 in apart. 

Over the entire surface of the felt thus prepared, spread an even coating of 
the cement, covering it immediately with a sufficient body of well-screened, 
dry gravel or crushed slag. 

If the roofing is applied in cold weather the gravel or slag must be heated 
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Slag only should be used if the incline of the roof exceeds 3 in to the foot. 

All layers of felt must be turned up at least 4 in over battlement-walls, sky- 
light-curbs, or any projections raised above the roof. 

(2) Specification for Asphalt-Gravel Roofing Over Concrete 

The concrete foundation is to be smooth and perfectly graded to carry the 
water to the outlets or gutters. 

Over the entire surface of the concrete first mop a smooth, even coating of 
Eclipse Asphalt cement, into which, while hot, lay two thicknesses of Warren’s 
Anchor Brand roofing-felt, lapping each sheet 17 in over the sheet preceding. 

Mop back for the full width between the laps of the felt thus laid, with War¬ 
ren’s Anchor Brand roofing-cement. 

Over the entire exposed surface of the felt mop an even coating of said 
Anchor cement, into which, while hot, lay two thicknesses of Anchor Brand felt, 
lapping each sheet 17 in over the sheet preceding, and sticking these laps 
thoroughly the full width with hot cement. 

Over the entire surface of the felt thus prepared, spread an even coating of 
the cement, covering it immediately with a sufficient body of well-screened, dry 
gravel or crushed slag. 

If the roofing is applied in cold weather, the gravel or slag must be heated. 

Slag only should be used if incline of roof exceeds 3 in to the foot. On steep 
surfaces nailing-strips should be provided in the concrete, unless the latter is 
sufficiently soft to admit of nailing. All layers of felt must be turned up at 
least 4 in over battlement-walls and skylight-curbs, or any projections raised 
above the roof. 

Roof-Incline. Asphalt-gravel or asphalt-slag roofing should not be applied 
to roofs which are steep enough to make the material run in hot weather. The 
manufacturers of various roofings will guarantee the permanency of their 
roofings for certain maximum slopes. 

Prepared Roofing. There is a large number of prepared roofings or 
ready roofings, which are made by cementing together two, three, or more 
layers of saturated felt or felt and burlap and then coating the combination 
either with a hard solution of the same cementing material, or with hot pitch 
or asphalt into which is embedded sand or fine gravel. These roofings are 
commonly put up in rolls 36 in wide and are applied by lapping the strips 2 in 

itli a coat of cementing material between, and nailing every 2 or 3 in with 
tin-capped roofing-nails. A sufficient quantity of cement, nails and tin caps 
is packed in the middle of the rolls. The particular advantage of these roofings 
is that no previous experience is required for laying them and no kettles are 
required; for this reason they are extensively used in the country, and on 
railroad-shops, factories, and mill-buildings. In cities there is no particular 
advantage in using them except for roofs that are too steep for coal-tar pitch. 
Many of these prepared roofings are as durable under ordinary conditions as 
the light-weight gravel roofs. 

Corrugated Iron and Steel Sheets 

Corrugated Sheets of iron and steel are very extensively used for the roofing 
and siding of mills, sheds, grain-elevators and warehouses. The best grades of 
corrugated sheets are now made of double-refined box-annealed iron or steel. 
The corrugations are usually made lengthwise of the sheet, either by passing 
them through rolls or by pressing the plain sheets in a press made to give the 
desired corrugations. It is claimed that the latter method gives the more per* 



2012 


Memoranda on Roofing 


[Part 3 


feet and uniform corrugations. The weight and thickness of the metal is 
represented by the gauge-number of the black sheets from which the corru¬ 
gated sheets are made. The standard gauge fqr sheet iron and steel in this 
country is that established by act of Congress, March 3, 1893. 

Gauges. The following table gives the weights and thicknesses of the differ¬ 
ent gauges, from No. 7 to No. 30, for flat black sheets. The gauge extends 
from No. 7-0, 3^ in thick, up to No. 40, 0.005469 in thick, but sheet steel is not 
commonly made thinner than No. 30, and above in, the thickness is gener¬ 
ally designated by fractions of an inch. Section 3 of the act of Congress pro¬ 
vides that in the practical use and application of this gauge, a variation of 
either way may be allowed. 

United States Standard Gauge for Sheet Iron and Steel 



Thickness 

Weights 

Num¬ 
ber of 

Approximate 
thickness in 

Approximate 
thickness in 

Weight per 
square foot 

Weight per 
square foot 

gauge 

fractions of 
an inch 

decimal parts 
of an inch 

in ounces, 
avoirdupois 

in pounds, 
avoirdupois 

7 

He 

0.1875 

120 

7.5 

8 

nu 

0 171875 

110 

6 875 

9 

Hi 

0 15625 

100 

6 25 

10 

%4. 

0 140625 

90 

5 625 

11 

Vs 

0 125 

80 

5 0 

12 

56 1 

0 109375 

70 

4 375 

13 

Hi 

0 09375 

60 

3. 75 

14 

$G4 

0.078125 

50 

3 125 

15 

»f28 

0 0703125 

45 

2 8125 

16 


0 0625 

40 

2 5 

17 

Ha 0 

0 05625 

36 

2 25 

18 

ho 

0 05 

32 

2 O 

19 

IU 0 

0 04375 

28 

1.75 

20 

Ho 

0 0375 

24 

1.50 

21 

l Hio 

0 034375 

22 

1 375 

22 

Hi 

0 03125 

20 

1 25 

23 

H 20 

0 028125 

18 

1 125 

24 

Ho 

0 025 

16 

1 0 

25 

H 20 

0.021875 

14 

0 875 

26 


0 01875 

12 

0 75 

27 

l 564o 

0.0171875 

11 

0.6875 

28 

lu 

0.015625 

10 

0 625 

29 

H-io 

0 0140625 

9 

0 5625 

30 

Ho 

0.0125 

8 

0 5 


Galvanizing the Sheets adds approximately 2 2 °z per sq ft to the above 
weights. The regular sizes of the corrugations are 2 3^, 1%. % and % 6 in, 
measured from center to center. Besides these sizes, 5-in, 3-in and 2-in corru¬ 
gations are made by one or two corrugating companies. Corrugated sheets 
are carried in stock in 4-ft, 5-ft, 6-ft, 7-ft, 8-ft, 9-ft and 10-ft lengths. Sheets 
can be obtained as long as 12 ft at a cost of 5% extra. The 8-ft length, how¬ 
ever, is most commonly used. The width of the sheets, as a rule, is 24 in 
between centers of the outer corrugations, so that the covering width is 24 in 
when one corrugation is used for the side lap. This applies to all sizes of cor¬ 
rugations, although some mills make wider sheets. The 2-in, 2j^-in and 3-in 
corrugated sheets are made in all gauges from No. 16 to No. 28, the 
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corrugated sheets from No. 22 to No. 28, the J'g-in corrugated sheets from 
No. 24 to No. 28 and the 2i6-in corrugated sheets in Nos. 26, 27 and 28 only. 
No. 28 gauge is the one commonly used for all purposes. The sheets are 
generally painted with a red mineral paint before shipping and galvanized 
sheets, also, can be obtained if desired. All corrugated sheets are sold by the 
square (100 sq ft), measuring the actual widths and lengths of the corrugated 
sheets. 

Corrugated-Steel Roofing 

Useful Data. For covering roofs, either 3-in, 2%-in, or 2-in corrugations 
should be used, the 2%-in being the most common size. The thickness or 
gauge depends upon the distance between the supports on which the sheets 
are laid. 

Nos. 26 to 28 gauges should be laid on close sheathing, or strips not more 
than from 1 to 2 ft on centers. The maximum distances between supports for 
other gauges should be as follows. 

For No. 24 gauge, from 2 to 2^2 ft. center to center. 

For Nos. 22 and 20 gauge, from 2 to 3 ft, center to center. 

For No. 18 gauge, from 4 to 5 ft, center to center. 

For No. 16 gauge, 5 to 6 ft, center to center 

The least pitch which should be given to roofs that are to be covered with 
corrugated sheets is 3 in to the foot, and for trussed roofs it is not desirable to 



have less than one-fourth pitch (6 in to the foot). When laid on a roof, cor¬ 
rugated sheets should have a lap at the lower end of from 3 to 6 in, according to 
the pitch of the roof. For a }/§ pitch, a 3-in lap is used; for a 34 pitch, a 4-in 
lap; and for a J4 pitch, a 5-in lap. For the side lap it is recommended that 
each alternate sheet be laid upside down and lapped as shown m Fig. 1. By 
this method, when water is blown through the first lap, it will stop and not pass 
the half lap, but run down and out at the end of the sheet. A great deal of 
roofing, however, is laid as in Fig. 2. In applying to sheathing or wooden 
strips, the sheets are secured by nailing through the tops of the corrugations, 
the nails being driven through every alternate corrugation at the ends, and 
about 8 in apart at the sides. When applied to iron or steel purlins, the side 
laps should extend over at least corrugations, and the sheets should be 
riveted together every 8 in on the sides and at every alternate corrugation at 
the ends. The Cincinnati Corrugating Company makes a patent edge- 
corrugation which makes a tight joint with a lap of only one corrugation. To 
fasten the sheets to the purlins, which are usually steel angles, cleats of band- 
iron, % or %in wide, may be passed around or under the purlins and riveted 
at both ends to the sheets, as shown in Fig. 3. By contracting or pressing 
these cleats toward the web, a tight, secure fastening results, which allows{for 
contraction and expansion of the sheets. Cleats, however, are generally used 
only with channel or Z-bar purlins. For angle-iron purlins, clinch-nails, 
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made of soft-iron wire, are commonly used, as shown in Fig. 4; they make 
very satisfactory fastenings. 




Fig. 3. Sheets Fastened to Angle- 
purlin by Band-iron Cleats 



Fig. 4. Sheets Fastened to Angle-purlin 
by Clinch-nails 


The following table shows the sizes of clinch-nails to be used with different 
sizes of angle-purlins and also the number of nails to the pound in each 
instance: 


Purlin-angles. 

. 2X2 in 

2^X3 in 

3AX3A in 

4X4A in 

Lengths of nails . . 

. 4 in 

5 in 

6 in 

7 in 

Number of nails per pound. .. 

48 

38 

33 

27 


The nails should be placed through the top of every second or third corruga¬ 
tion. At the eaves of the building and along the edges of the ventilators special 
pains should be taken in fastening the roofing, as these are the places where the 
force of the wind is the greatest and where it tends to strip the roofing from the 
purlins. For these parts of the roof the best method of fastening is that shown 
in Fig. 5. These fastenings consist of strips of sheet iron about 2 in wider than 
the purlins, made of No. 12 iron and riveted to the purlins with J4“i n rivets 
spaced 10 in apart. To these strips the corrugated sheets are riveted, every 



Fig. 5. Approved Fastening 
for Sheets at Eaves 



Fig. 6. Alternate Method of 
Fastening at Eaves 


S in or every two corrugates, with 6-lb rivets. The method of fastening shown 
in Fig. 6, also, answers very well and is less expensive. 
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In ordering corrugated sheets an allowance must be made for the laps. The 
following table gives the number of square feet necessary to cover one square of 
actual surface, using sheets 8 ft long. If shorter sheets are used, the allowance 
must be slightly increased. 


Number of Square Feet of Corrugated Sheets to Cover 100 
Square Feet of Roof 


End-laps. . 

1 in 

2 in 

3 in 

4 in 

5 in 

6 in 

Si le lap, 1 corrugation. 

Si le lap, 13>2 corrugations. . . 

Si ie lap, 2 corrugations. . 

sq ft 
110 
116 
123 

sq ft 
111 
117 
124 

sq ft 
112 
118 
125 

sq ft 
113 
119 
126 

sq ft 
114 
120 
127 

sq ft 
115 
121 
128 


Approximate Weights in Pounds of 100 Square Feet of 2^in 
Corrugated Sheets 


Gauge.. 

No. 28 








Painted . 

69 

77 

84 

111 


165 



Galvanized. . 

86 

93 

99 

127 

m 

182 




Anti-Condensation Lining. Wherever corrugated steel is laid on purlins 
with no sheathing or paper underneath, if the building is heated, moisture will 
invariably collect on the under side, and if the air in the building is warm and 
humid, considerable dripping will result. To prevent this dripping, it is neces¬ 
sary to protect the under side of the corrugated steel with paper or felt. This 
may be done by first stretching poultry-netting over the purlins, from eaves to 
ridge, and wiring the strips together at the edges. Over this should be laid one 
thickness of asbestos paper and one or two layers of saturated felt. The cor¬ 
rugated steel may then be fastened to the purlins in the usual way. The side 
laps may be secured by stove-bolts, with 1 by Y by 4-in plate washers on the 
under side, to support the lining. 

Corrugated Steel Siding 

For Siding, either the 2, or lj^-in corrugations are used. The lj^-in 
size, however, makes the best appearance. For the laps, 1 in at the bottom 
and one corrugation at the sides are sufficient. 

For Sheds, etc., the sheets may be nailed to cross-pieces cut in between the 
studs horizontally and spaced from 2 to 3 ft apart, the studs being from 3 to 4 
ft on centers. For elevators, either cross-corrugated sheets or sheets not more 
than 32 in long should be used. The nails should be driven in the trough of 
each alternate corrugation, 2 in above the lower end of the sheet, which will be 
1 in above the top end of the under sheet. This allows the sheet to slide 1 in 
in 32 in as the building settles, before the nail will strike the upper end of the 
lower sheet. The side lap should not be nailed. 

Ceilings. For the ceilings of stores, stables, etc., or %-in corrugated 
sheets are much used; and the construction is an excellent one for this purpose. 

Galvanized Iron. This term is commonly applied to all galvanized sheet 
metal. Formerly most of the galvanized sheets had a steel base, but since 
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about 1906 a nearly pure iron, called Toucan Metal, has been largely used for 
sheets of very fine quality. Galvanized sheets come in lengths of 6 , 7 and 8 ft 
In United States Gauge-Nos. 14, 16, 18, 20, 22, 24, 26, 27, 28 and 30, and in 
widths of 24, 26, 28, 30 and 36 in for all gauges except No. 30, which is made 
only in widths of 24, 26 and 28 in Sheets of No 28 gauge are also made in 
widths of 32 and 34 in. The widths commonly carried in stock are 24, 28 and 
30 in. Most of the galvanized iron used for cornices and ornamental work is 
No. 27 gauge. No. 28 is sometimes used for gutters and conductors. 

Copper Roofing * 

Copper possesses certain characteristics and physical properties which dis¬ 
tinguish it from other metals used for roofing purposes. The greatest differ¬ 
ence is in expansion and contraction. Copper has a higher coefficient of 
expansion than have iron and steel, and a lower one than have zinc and lead. 
This means that for a given temperature-variation there will be more move¬ 
ment in copper than in iron and Bteel and less than in zinc and lead. The 
standard length of copper sheets is 96 in. Sheets are stocked in widths in 
multiples of 2 in. The three usual methods of applying copper roof are: 
(a) RIBBED-SEAM METHOD, (b) STANDING-SEAM METHOD, and (c) FLAT-SEAM 
method. The slope of roofs to be covered with flat-seam copper roofing 
Should not be less than in nor more than 3 in to the foot. 

Fundamentals in Sheet-Copper Roofing and Flashing Construction. 

(1) Use 16-ounce soft (roofing-temper) copper only. 

(a) Do not use hard (cornice-temper; copper except for cornice work. 

C b ) Do not use lighter than 16-ounce copper. 

u 8oft " versus " Hard ” Copper. Soft copper will give the most satis¬ 
factory results. Hard (cornice-temper) copper, though sometimes used for 
flashings and roofings, is not recommended. The soft sheet is, as can readily 
be understood, more easily workable, especially where bends, etc , are neces¬ 
sary. 

Thickness of Copper Sheets for Roofs. It is not fair to a good material to 
use too thin a sheet. As copper does not corrode, there is no question of 
durability in the thinner gauges. Copper sheet weighing 1 lb per sq ft, com¬ 
monly known as 16-ounce copper, is considered the minimum standard sheet 
strong enough to withstand extraneous injury. Thinner sheets do not give 
the best results. 

(2) Prepare the laying surfaces carefully and see that it is smooth and even. 

(a) All copper sheets should be laid on rosin-sized paper or asbestos felt. 

( b ) Sheathing boards should be ship-lap, tongued-and-grooved, or splined. 

(c) All nail-heads should be set. 

Roofing-Boards or Sheathing, It is recommended that ship-lap or tongued- 
and-grooved roofing-boards be used. All roof-sheathing should be well laid 
with even joints and secured at all bearings with heavy nails well set. Imme¬ 
diately after laying, the sheathing should be protected by covering it with 
paper as mentioned below. If possible the sheathing should be exposed to 
the weather at least 4 weeks before covering it with copper. The wood 
must be thoroughly dry and seasoned. 

Papar ovar Sheathing. Good practice requires either the ordinary building 
paper or a rosin-sized or asbestos paper weighing about 6 lb per 100 sq ft. 

* Taken from data furnished by the Copper and Brass Research Association, New 
York City. 
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On concrete roof-slabs paper is not essential, provided the surface be made 
smooth and even as outlined below. 

Concrete Roof-Slabs. When Copper is used over concrete the surface 
should be made smooth by a wash of neat cement. Elastic cement is some¬ 
times used for this purpose. Cinder concrete should not be used in contact 
with copper. Where copper is used in this type of construction the concrete 
should be painted with a heavy coating of asphalt paint before the copper is 
applied. Wood battens or expansion inserts must be set in the concrete for 
fastening the cleats. 

(3) Avoid sharp bends in copper sheets. 

(a) Do not crease the sheets or bend them more than 90 degrees. 

(b) Bend the sheets as little as possible before laying. 

(4) Allow for movement at intersections of roof-planes by large loose- 

locked joints. - ^ 

(a) Never carry a copper sheet more than 3 or 4 in over an angle. 

( b ) Break the sheet and lock it to the adjoining one by means of a loose- 
or double-locked joint. This allows room for expansion and contraction. 

Expansion and Contraction. The temperature at the time the work is done 
must be taken into consideration by the contractor in allowing for expansion 
and contraction, A roof laid in July needs little rooom for expansion. It does, 
however, require ample provision for the contraction which comes with cold 
weather. The reverse is, of course, true when a roof is lain in cold weather* 
and under these circumstances the contractor must be careful to provide 
ample room for movement. 

(5) Never nail copper sheets. Use cleats. 

(a) By “sheet” is meant any piece over 12 in wide. 

(b) Use two-nail cleats lj^a in wide and place them not more than 13 in 
apart, 

(6) Use copper nails only—-never iron or steel—for fastening strips and 
cleat9. 

(a) Flat-head, wire “slating,” or “shingle,” nails are preferable. 

(b) Strip copper should be nailed along one edge only. 

(c) Nails should be spaced 4 in maximum. 

Cleats. Always secure the copper sheet by copper cleats, the cleats only 
being nailed to the roofing-boards, the battens or wood ribs. Never use nails 
of iron or steel to fasten copper at any place or under any circumstances. 
Galvanic action will quickly destroy the ferrous metal. 

Copper and Other Metals. If possible, never use copper in contact with 
another metal, but if the plan of construction requires the use of iron or Steel, 
by all means see that the iron or steel device is heavily tinned or that sheet 
lead is inserted between the copper and the other metal. The use of brass 
devices is recommended, especially for gutter and eaves-trough hangers. 

(7) Make full-size joints and seams. 

(a) Standing seams at least 1 in finished. 

(b) Flat seams (locked) at least in finished. 

(c) Lapped seams at least 1 in finished. 

(d) Double or copper-locked seams at least in finished. 

(8) Tin carefully and thoroughly. 

(a) Use heavy tinning-coppers, 

C b ) Use enough tin to cover all the surface. 

(9) Use rosin as a flux rather than acid. 
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(a) If add is used, see that it is properly and thoroughly killed. 

(10) Plenty of solder, well-flowed over, makes strong seams. 

(«) Use the best half-and-half solder and lots of it. 

( b ) Heat the seam thoroughly. 

( c ) Heavy, hot coppers are best for this. 

Cleaning. As soon as a portion of the roof is finished it should be carefully 
cleaned of all flux, scraps and dirt. Prominent signs should be displayed, 
where necessary, to prevent walking on the copper, and every reasonable 
precaution should be exercised to keep the roof tree from all foreign substances, 
such as mortar, scraps of lumber, paper, etc. As the development of the 
characteristic green patina of copper is very much retarded by dirt, flux, etc , 
too much emphasis cannot be placed on thorough cleaning. Accumulation of 
dirt means uneven, splotchy coloring. 

Finish, Copper will develop a beautiful patina in a few months, owing to 
natural phenomena. When it is desired to obtain this finish immediately, 
it can be done by the use of the following methods: (1) Clean the copper by 
washing it thoroughly with a strong solution of soda and hot water to remove 
the grease acquired in the process of rolling. (2) Apply the following sol- • 
tions: 

(a) One pound of powdered sal ammoniac to 5 gal of water; dissolve thor¬ 
oughly and let stand 24 hours. Apply to copper with a brush, covering every 
part. Let stand one day, and then sprinkle surface with clean water. 

( b ) Use a solution of 3^ lb of salt to 2 gal of water. Apply in same manner. 

(3) A dark copper finish can be obtained by the following method: Rub 

off the copper with cotton waste soaked in boiled linseed-oil. Touch up 
soldered seams with copper bronze. 

Painting Copper. It is difficult to obtain a good bond between paint and 
copper. This is due to the grease and oil of the manufacturing process which 
is rolled into the fine pores in the surface of the sheets. Paint applied directly 
to untreated copper will not stand for any length of time, particularly when 
exposed to the weather. The surface must be thoroughly cleaned and rough¬ 
ened before the paint will adhere. This may be accomplished by washing the 
copper with a solution of 4 oz of copper sulphate in gal of lukewarm water 
in a glass or earthen vessel, to which is added }/% oz of nitric acid. If the 
surface is still very smooth, additional roughening must be done by abrasives. 
Before painting, the surface must be carefully washed with clean water to 
remove the last trace of the solution and the paint must not be applied until 
the surface is thoroughly dry. Three coats of paint will give the best results. 
The first coat should be composed of 15 lb of red lead to 1 gal of raw linseed-oil 
with not more than pt of oil drier The last two coats should be composed 
of 15 lb of white lead to 1 gal of raw linseed-oil with not more than 5% of oil 
drier and the necessary color. 

White Lead. White lead in oil is a good substance for filling lock seams 
in copper work. It is simple to apply, is water-tight, and remains so a long 
time. White lead has been used on copper roofs, laid many years ago, both 
in this country and abroad. Notable among roofs of this type is that on the 
State House in Boston, Mass. This roof was laid in 1887-90 with leaded 
seams, and is apparently as tight to-day as it was forty years ago. The 
method of applying consists of smearing the edges of the sheets plentifully 
with white lead in oil and folding and locking them to form lock seams in the 
usual way. The viscous lead and oil completely fills the lock, making a water- 
stop. White lead used in this way has much to recommend it. It is cheaper 
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than soldering, and it is durable. On fiat roofs where water backs up it is 
better to use solder, but on free draining surfaces white lead can be used with 
every assurance of satisfaction. The proper lead to use is that composed of 
basic lead carbonate and boiled linseed-oil in paste form. It must be smooth 
and of putty-like consistency. Lumps will make uneven seams and prevent 
the locks from being completely filled. After the seams have been locked and 
malleted all excess lead should be carefully removed from the sheets. 

Proportioning Gutters and Leaders. The chief consideration in designing 
gutters and leaders is to conduct the water running off a roof quickly and 
easily. To do this it is essential that (1) the gutter be large enough to conduct 
all the water to the outlet; ( 2 ) the outlet be large enough to accelerate the 
velocity of the water in the gutter when it enters the outlet. 

A safe system to follow in mill building design is that of the American Bridge 
Company. Their specifications provide as follows: 

Span of roof Gutters 

Up to 50 ft 6 in 

50 to 70 ft 7 in 

70 to 100 ft 8 in 

Hanging gutters shall slope 1 in in every 16 ft 

Progressive Steps in Designing Gutters and Leaders. 

(1) Locate position of leaders. 

( 2 ) Compute area of roof drained by each leader. 

(3) Compute size of leader. 

(4) Compute size of gutters to supply leaders. 

Notes. 

( 1 ) Round leaders should not be less than 3 in in diameter. 

( 2 ) Rectangular leaders should not be smaller than 1 J 4 by 2j^ in. 

(3) Gutters should not be less than 4 in wide. 

(4) Gutters should have a fall of not less than l in in 16 ft. 

(5) Scuppers should be provided for all roofs with a parapet wall built 
around them. This precaution prevents an overloading of the roof owing to 
stoppage of the outlet. 

( 6 ) All outlets should be provided with screens or strainers. 

Built-In or Box Gutter-Linings of Copper. For best results in gutter linings 
the following practice is recommended. 

( 1 ) The design of the gutter should avoid sharp angles. The sides should 
slope as much as possible to approximate an arc. The inside edge of gutter 
should be at least 3 in higher than the outside edge. Gutters should be as 
shallow as possible. 

( 2 ) The gutter should be wood-lined to receive the copper. 

(3) Sixteen-ounce soft (R.T.) copper sheets which have been crimped are 
excellent. Their length is optional up to 8 ft maximum; their width should 
not exceed 36 in. 

(4) Longitudinal seams should be double-locked. This provides strength 
at the seam and with (3) allows plenty of opportunity for expansion. 

(5) Seams should be well soldered. 

( 6 ) The junction with the roof flashing should be by a large loose-locked 
joint so placed as to need no solder to make it water-tight. 

(7) If long sheets are used a double-cross seam should be used. 


Leaders 

4 in every 40 ft 

5 in every 40 ft 
5 in every 40 ft 
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Scuppers. One of the most important points of roof-drainage design is 
often forgotten. This is proper provision for overflow by means of scuppers. 
A great many buildings have flat roofs enclosed by parapet-walls and inside 
drainage-systems. When the outlet becomes clogged, water collects on the 
roof and not only causes an overload, but may also work its way over the 
flashing and down into the building. On all roofs of this character—that is, 
where there is not ample provision for escape of the water when the leaders 
do not work, it is absolutely necessary to provide scuppers through the wall. 
These should be large enough to preclude any possibility of clogging (at least 
4 by 12 in), and should be unobstructed in any way by screens, etc. When 
copper flashings are used, the scuppers are completely lined with copper and 
this lining is soldered to the base flashing, the counter-flashing being worked 
around the hole, or omitted at this point. 

Galvanic Action in Roofing-Materials. Dissimilar metals, when in contact 
in the presence of an electrolyte, set up galvanic action which results in the 
deterioration of the most electropositive metal Starting with the most elec¬ 
tropositive, the commercial metals are listed as follows 


1. Aluminum (most electropositive) 

2. Zinc 

3. Steel 

4. Iron 


5. Nickel 

6. Tin 

7. Lead 

8. Copper (most electronegative) 


This means that when iron (or steel) and copper are in contact with an 
electrolyte present (which may be water), the iron is corroded. When copper 
and lead or tin are in contact, a tendency for similar action exists but it is 
very slight and produces practically no injurious results. This is because the 
difference in potential is much less and the corrosive action is negligible, 
especially where water is the electrolyte. Any possibility of galvanic action 
between copper and iron or steel should be carefully avoided by proper insula¬ 
tion. This insulation is effected in various ways, three of which are: (1) cov¬ 
ering the steel member with asbestos, as is frequently done in skylight con¬ 
struction; (2) placing strips of sheet lead between the two metals, as when 
new copper gutters are placed in old iron hangers; and (3) heavily tinning the 
iron, as is often done with iron or steel gutter and leader-supports. 


MEMORANDA ON TILING 
Floor-Tiling and Wall-Tiling 

Tile Floors are extensively used in the better class of buildings, and par¬ 
ticularly in those portions which are used by the public, on account of their 
great durability, sanitary qualities and decorative effects. As a matter of fact, a 
good tile floor is also cheaper in the long run than a wooden floor if it is subject 
to much wear. The materials used for tiling floors are tiles made from differ¬ 
ent grades of clay, marble, slate, glass and rubber. Of these probably the 
most durable and sanitary are the vitreous clay tiles. For walls and wain- 
scotings, glazed tiles, marbles and glass are extensively used. 

Floor-Tiles. The following include some of the principal kinds of clay tiles: 

(1) Common Encaustic Tiles. These belong to the cheapest grades, and are 
made of naturally colored clays, red, buff, gray, chocolate and black. These 
tiles are of a porous, absorbent nature and are used for common floors where 
sanitary requirements are not exacting. 
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(2) Semivitreous Tiles. These belong to a somewhat better grade than the 
first mentioned and are less porous and absorbent. 

(3) Vitreous Tiles. These are the hardest tiles known, cannot be scratched 
by steel or sand, and are non-absorbent and thoroughly aseptic. They are 
used principally for floors requiring a perfect sanitary condition and are man¬ 
ufactured in white, blue, gray, green and pink colors of great delicacy. 

(4) Ceramic Tiles or Ceramic Roman Mosaic. This material is made of 
vitreous clay in tesseral pieces representing the tesseraj of the Roman mosaics. 
It is made into regular tiles ranging from to ? 4 -in squares and also in hexag¬ 
onal shapes from in to 1 in in size. A rounded lozenge tile is also manu¬ 
factured to be laid in tesseral paving. (See, also, Flooring of Mosaic, Ter- 
razzo, etc ) 

The material itself is of great hardness and well suited for work of a monu¬ 
mental or public character. The even and regular texture of the tesserae 
admits the adoption of damask designs which have become identified and 
associated with this material. The minuteness of the tesserae admits of a 
great range in designing and the following of the architectural lines. The 
ceramic Roman mosaic is much preferred to mosaic consisting of natural 
marbles, because of the great variety in colors and its greater durability. The 
vitreous-clay tiles are impervious to attacks of any acids contained in the 
atmosphere, while marbles, especially, are subject to rapid disintegration 
caused by the sulphuric acid contained in the smoke-laden atmosphere of our 
cities. 

(5) Florentine Mosaics and Flint Tiles. These are the largest and heaviest 
tiles manufactured in this country. They are either plain or inlaid and are in 
use especially in ecclesiastic work on account of their relation to mediaeval 
application. The material is vitreous, annealed and tougher than it is brittle. 
It is also in use for exterior polychrome work. 

(6) Aseptic Tiles. These are large, heavy and thoroughly vitreous tiles 
used for institute work. They are the only vitreous tiles of large size made in 
this country. As the tiles are large and generally of hexagonal shape, the 
joint-spaces are reduced to a minimum, and they are, therefore, especially 
adapted for hospitals, operating-rooms and wards for contagious diseases. 

Enameled Tiles, Wall-Tiles and Mantel-Tiles. The following include 
some of the enameled tiles: 

(1) White Wall-Tiles. These are glazed tiles for wainscots. They have 
a white, soft body and a surface covered with a clear glaze. The brilliancy of 
this glaze and its reflecting properties make the white wall-tiles especially de¬ 
sirable for dark passages. 

(2) Colored, Glazed or Enameled Tiles. These tiles are about the same as 
the former in quality; the glaze or enamel, however, is stained with metallic 
oxides, which produces a brilliant decorative effect. 

(3) Dull-Satin, etc.. Finished, Enameled Tiles. These arc glazed tiles with 
a dull or blind enamel-finish. The dull finish is produced either by sand¬ 
blasting or by devitrifying enamels. It is principally used for quaint decora¬ 
tive effects in mantel-work. 

(4) Glazed Roman Mosaics. This is a type of enameled tiling which has 
great decorative possibilities. It has the same tesseral texture as the ceramic 
floor-tiles and is readily applied to wainscots and mantel-work. 

Setting of Tiles. Clay tiles are set in Portland-cement mortar as a rule, 
and flooring of this character should always be provided with a substantial 
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concrete base. Ceramic mosaics are sometimes laid on a flexible base. With 
this construction wooden floors can be provided with tile covering, and owing 
to the elasticity and lightness of the material, floors in elevators, boats and 
other ambulant structures can be safely tiled. 

Marble Tiles, from 9 to 12 in square, have been extensively used for flooring, 
principally on account of their decorative effect. None of the marbles, how¬ 
ever, is as hard and consequently as durable as the vitreous and ceramic tiles. 
When used, they should be i n thick and not over 12 in square, and should 
be bedded in cement on a concrete base. Marbles should not be used for 
flooring in hospitals, as they yield rapidly to the usual antiseptic floor-washes. 

Slate, non-absorbent and not affected even by dilute mineral acids. It is 
frequently used as flooring and as a cover for wiring and pipe-trenches in the 
floors. As these often follow a wall, it may serve in the capacity of a border 
and as such be extended around the floor-space. Slate slabs for floors should 
be about l l /i in thick. 

Marbleithic Tiles or Slabs are made of small pieces or chips of marbles of 
Irregular shapes, set in a backing of sand and Portland cement. After the 
cement has set, the top surface is rubbed until it becomes flat and smooth. 
Marbleithic resembles mosaic or Terrazzo, except that it is laid in the form 
of tiles instead of being put down on the floor in a plastic condition. Much 
objection has been made to Terrazzo because of the cracks which commonly 
occur in it, due to the slight settlements which are unavoidable in a new build¬ 
ing. With tile floors of any material the joints allow for any slight movement 
of the floor-construction without causing visible cracks. By the process of 
manufacture, marbleithic is made much harder than it is possible to make 
mosaic floors that are laid in a plastic condition, so that they have a much 
better wearing surface. Marbleithic tiles are made of various colored marbles 
and in different sizes, shapes and patterns, so that a great variety of effects 
may be produced. Sanitary coved bases, stair-treads, and wainscotings, also, 
are made of this material. 

Cast-Glass Tiles, while quite resistant to a blow when the polish is un¬ 
broken, will break very easily when the surface is scratched. All glass tiles 
should, therefore, be very thick and small or protected by metal framing. 

Novus Sanitary Glass is a sanitary structural glass manufactured in all 
thicknesses from 3^ in up to 2 in and in slabs of all widths and lengths up to 
100 in in width and 180 in in length. It is made in various colors and designs 
and in the following finishes: natural-fire finish, hone, semipolished and pol¬ 
ished. It can be worked and handled the same as marble, it is readily drilled 
and shaped to accommodate fixtures, etc., and is very handsome in appear¬ 
ance. It is impervious to discoloration and is non-crazing. These qualities 
make it especially desirable for floors, wainscoting, tables, shelves, etc., in all 
places where an absolutely sanitary condition combined with a pleasing 
appearance is required. 


Interlocking Rubber Tiling 

General Description. Interlocking rubber tiling, which, because of its 
being noiseless, non-slippery, and more comfortable to the feet than inelastic 
substances, has met with great favor for floors in banking-rooms, counting- 
rooms, vestibules, elevators, stairs, cates, libraries, churches, etc. For eleva¬ 
tors it is one of the most durable and practical floors that can be laid; it is 
also especially and peculiarly adapted for floors of yachts and steamships. 
The interlocking feature unites the tiles into a smooth, unbroken sheet of 
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rubber, unlimited in area. The tiles do not pull apart or come up, and each 
being distinct, almost any color-scheme can be employed, the tiles being made 
in a carefully selected variety of colors. The tiles are laid directly over the 
original floor, like a carpet, except that they are not fastened. Experience 
has shown that they arc very durable. Each tile is 2^g in square and % * n 
thick; 25.5 tiles are required to the square foot. Rubber nosing for stairs is 
made to interlock with the tiles. 

Flooring of Mosaic, Terrazzo, etc. 

Flooring of Mosaic Work is largely used. It is composed of small pieces 
of stone, marble, pottery or glass, usually laid in some ornamental design or 
pattern. A bed of concrete is first laid and the small pieces of the material 
used set in a floating of cement and made from to 1 in thick. When cubes 
of varicolored marble are used, pressed into the cement mortar, it is called 
Roman Mosaic. A somewhat cheaper flooring is made by spreading marble 
chips of irregular shape over the surface of the cement, pressing them into it 
with plasterers’ floats and rolling them with iron rollers. This is called Ter¬ 
razzo Mosaic. The following is from the specifications for the new Field 
Museum, Chicago, III., D. H. Burnham, architects: “Filling under terrazzo 
shall be composed 1 part cement, 2 parts sand and 4 parts brick. Before 
concrete filling commences to set spread a J^-in wearing surface composed 
of marble chips with only enough neat Portland cement to firmly unite the 
pieces. Trowel and roll, and after the mortar has set, rub the terrazzo to a 
smooth, even surface and wash clean.” 


ASPHALTUM 

Bitumen, Asphaltum, Asphalt. “ Bitumen is the name used to denote a 
group of mineral substances, composed of different hydrocarbons, found 
widely diffused throughout the world in a variety of forms which grade from 
thin volatile liquids to thick semifluids and solids, sometimes in a free or pure 
state, but more frequently intermixed with or saturating different kinds of 
inorganic or organic matter. To designate the condition under which bitu¬ 
men is found, different names are employed; thus the liquid varieties are 
known as naphtha and petroleum, the semifluid or viscous as maltha or 
mineral tar, and the solid or compact as asphaltum or asphalt.” 

Asphaltum is found in extensive beds or lake-like deposits on both con¬ 
tinents; the most notable of these are the pitch lakes on the island of Trinidad, 
and at Bermundez, Venezuela. It is also found saturating the limestone and 
sandstone formations in certain localities. Deposits of very nearly pure 
asphaltum are found in Utah, Mexico, Cuba, and various parts of the United 
States. Elaterite, gilsonite and wurtzilite are varieties of very nearly 
pure asphaltum. 

Asphaltic Roofing-Materials are manufactured principally from Trinidad 
asphalt. These deposits have also been the main source of supply for the 
asphaltum used in street-paving in the United States. 

Rock-Asphalt. The term rock-asphalt is commonly used to designate the 
material obtained from the bituminous limestone deposits at Scyssel and Pyri- 
mont, in the valley of the Rhone, France, in the Val-de-Travers, canton of 
Neuch&tel, Switzerland, and at Ragusa, on the island of Sicily, It is exten¬ 
sively employed for paving purposes throughout Europe, and is considered to 
make a much more durable pavement than can be made with asphaltum. 
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Rock-asphalt is prepared for shipment in two forms: (1) compressed asphalt 
blocks, which are used for paving in much the same way as stone blocks, and 
( 2 ) mastic-asphalt, which is put up in cakes of varying shape, generally 
bearing the manufacturer’s trade-mark. 

Mastic-Asphalt. In the Eastern States mastic-asphalt is used for floors of 
cellars, stores, breweries, malt-houses, hotel-kitchens, stables, laundries, con¬ 
servatories, public buildings, carriage-factories, sugar-refineries, mills, rinks, 
etc., and for any place where a hard, smooth, clean, dry, fire-proof and water¬ 
proof, odorless and durable covering of a light color is required, cither in the 
basement or upper stories. It can be laid over cement concrete, brick, or wood, 
in one sheet without seams; also over cement concrete for roofs for fire-proof 
buildings. For dwelling-house cellars, especially on moist or filled land, this 
material is especially adapted, being water-tight, non-absorbent, free from 
mold or dust, impervious to sewer-gases, and for sanitary purposes, invaluable. 
Mastic-asphalt is also valuable for dymp-courses over foundations, and for 
covering vaults and arches under ground. 

Asphalt Floors and Pavements. For floors of cellars, courtyards, etc, 
laid on the ground, a base of cement concrete 3 in thick should first be laid; 
and over this a layer of asphalt from ? i to 1 l A in thick, according to the use to 
which it is to be put. For ordinary cellar-floors, the asphalt need not be more 
than ^4 in thick; for yards on which heavy teams are to drive, it should be 
lj^ in thick. In specifying asphalt pavement, both the thickness of the con¬ 
crete and of the asphalt should be given; it should also be remembered that 
ASPHALT pavement docs not include the concrete foundation unless so 
specified. In laying asphalt over planks or boards, a layer of stout, dry, but not 
tarred, sheathing-paper should first be put down and the asphalt laid on this. 
Asphalt floors for stables should be at least 1 in thick. Architects and owners 
desiring to employ rock-asphalt for any of the above purposes should be 
careful to secure the genuine Val-de-Travers, Seyssel, or Sicilian rock- 
asphalt, as there are imitations which are of but little value. 

The Bituminous Sandstones of California have been extensively used for 
paving streets in Western cities. They are prepared for use as paving- 
materials by crushing to powder. With this powder a considerable proportion 
of sand or gravel is generally mixed and the mixture heated until it becomes 
plastic; it is then spread over the roadways and compressed by rolling. 

MINERAL WOOL 

Sources of Mineral Wool. There are at least two kinds of mineral wool 
made in this country. The more common quality is made by mixing certain 
kinds of stone with the molten slag from blast-furnaces and converting the 
whole mass into a fibrous state. The best slag for the purpose is that which is 
free from iron. The appearance of the finished product is much that like of 
wool, being soft and fibrous, but in no other respect are the materials alike. 
Mineral wool made from slag appears in a variety of colors, principally white, 
but often yellow or gray, and occasionally quite dark. The color, however, is 
said to be no indication of the quality, as all of the peculiar properties of the 
material are present in equal proportions in any of the shades. The other 
kind of mineral wool is known as rock-wool, and is made from granite rock 
raised to 3 000° F. It is claimed that as it is absolutely free from sulphur; it is 
the only odorless wool manufactured. It has been approved by the United 
States War Department. It has the same general appearance as that made 
from slag, and is white in color. 
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Nature of Mineral Wool. Both of these materials consist of a mass of very 
fine, pliant, but inelastic, vitreous fibers interlacing in every direction and 
forming an innumerable number of minute air-cells. Its great value in the 
insulation and protection of buildings lies in the number of air-cells which it 
contains, its consequent non-conduction of heat, and its fire-resisting qualities. 
In wool made from common slag, 92% of the volume consists of air held in 
minute cells, while in the best grade the proportion of air reaches as high as 
96%. This confined air makes it one of the best, if not the best, of the non¬ 
conductors of heat. Aside from these qualities it is very durable and contains 
nothing that can decay or become musty. Being itself incombustible it 
greatly retards the burning of wooden floors or partitions if their inner spaces 
are filled with it. 

Uses of Mineral Wool. The greatest value of this material is as an insula¬ 
tor of heat, but it is also a valuable non-conductor of sound. It is the general 
opinion, however, that it can be considered only as a muffler of the sound¬ 
waves, for there seems to be no practical way in which it can be used so as to 
separate entirely the floor and ceiling. It would be crushed by laying floor- 
cleats upon it. As a muffler or filling between the beams, however, there is 
probably nothing that is superior. 

Manner of Applying Mineral Wool. Mineral wool, when used alone as 
floor-deadening, may be laid on boards cut in between the joists, or on top of 
sheathing-lath when that material is used. The wool shomd be at least 2 in 
thick. Again, mineral wool is particularly desirable for filling the spaces 
between the studs of outside walls and partitions and between the rafters of 
roofs. It may be used to great advantage, also, in partitions around bath¬ 
rooms or water-closets, and around water-pipes when placed in partitions. In 
outside walls and attic roofs, as a protection from the heat of summer or the 
cold of winter, it is of the greatest value. By lathing the under side of the 
rafters with sheathing-lath, and spreading on top a layer of 2 or 3 in of mineral 
or rock-wool, the comfort of the room is greatly increased. Flat roofs over 
inhabited rooms may be covered with rough boards and lj^-in cleats nailed 
on top, the spaces filled with wool, and the roof-sheathing then nailed to the 
cleats. This not only greitly increases the comfort of the rooms, but greatly 
retards the progress of fire from the outside. When insulating against heat, 
nails driven through the insulating material do no harm. When using mineral 
wool in floors it should be packed in very closely, but not jammed so as to 
break the fibers, which are naturally very brittle. In partitions it is packed 
between the studs and laths, so as to completely fill the spaces, the wool being 
put in after the lathing has reached a height of 2 or 3 ft. More laths are then 
put on, the spaces filled, and so on to the top. The wool should not be dropped 
from any considerable height, as the breaking up of the fibers destroys the 
insulating qualities of the material. In fact the tendency of mineral wool to 
settle and consolidate, if improperly or too loosely packed, is the only draw¬ 
back, except cost, to its use for insulation. The wool behind the lathing will 
not prevent the plaster from keying. 
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ESTIMATING THE COST OF BUILDINGS* 

Cost of Buildings per Cubic Foot. The method of cubic-foot values 
has been used more than any other in estimating the cost of any proposed 
building, before the plans and specifications are sufficiently complete for taking 
off the actual quantities. “ Comparison of unit costs is the only scientific 
criterion by which to judge the economic merit of a structure, a machine or a 
method of doing work.” f Two buildings in the same city, or district, built 
in the same style and for the same purpose, of the same materials, and on the 
same scale of wages and prices of materials, should cost the same, or very 
nearly the same, per cubic foot, although one building may be somewhat larger 
than the other and of different shape. It therefore follows that if we know the 
cost per cubic foot of different classes of buildings, in different localities, we 
can approximate quite closely the cosl of any proposed building by multiplying 
its cubic contents in feet by the known cost per cubic foot of a similar building 
already built in that locality. 

Size of Building Proportioned to Cost per Cubic Foot. If the cost of 
a proposed building must be kept absolutely within a certain sum, the size of 
the building should be proportioned so that the cubic contents shall not ex¬ 
ceed the quotient obtained by dividing the amount appropriated by the 
average cost per cubic foot of similar buildings. Even then it may be 
found, when the bids are opened, that they exceed the appropriation; but the 
excess is often a relatively small percentage of the total cost and the necessary 
reductions can be made without altering the main features of the building. 

Methods of Computation. In estimating the cost by the method of cubic 
contents, it is of course necessary that the contents be computed on the same 
basis, in both the proposed building and the one already built. The cubic 
contents are generally computed from the basement or cellar-floor, to the aver¬ 
age height of a flat roof, or, if there is a pitched roof, the finished portion of the 
attic is included, or that part which might be finished, mere air-spaces and open 
porches not being included. Vaults and areas under sidewalks, etc., are gen¬ 
erally included as part of the basement. All measurements are to the outside 
of the walls and foundations. The estimated cost may or may not include the 
fees of the architect and other experts. 

Other Methods of Estimating the Cost of Buildings. The cost of build¬ 
ings, such as hospitals, theaters, schools, churches, barracks, dormitories, etc., 
is sometimes estimated by the cost per bed, sitting, inmate, etc. Estimates 
are also based upon the cost per square foot of ground occupied or of all 
the floor-space, in certain types of buildings. 

* The editor is indebted to E. S. Hand and others for valuable data relating to this 
subject. Readers are referred to the Handbook of Cost Data for Contractors and En¬ 
gineers, by H. P. Gillette, The New Building Estimator, by William Arthur, and The 
Building Estimator's Reference Book, by F. R. Walker. Many values given are pre-war 
values and may be used for relative costs. 

f H. P. Gillette, in the preface to his Handbook of Cost Data for Contractors and 
Engineers. 
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Data * on Cubic-Foot Values as a Basis for Preliminary Estimates 
of Building Costs 

Notes on Modifying Conditions. Buildings of a given type, such as office- 
buildings and school-buildings, when similar in construction and finish and 
built under similar market-conditions as to cost of labor and materials, are 
found to be nearly identical in cubic-foot costs. The buildings of any such 
type do not differ widely in bulk, and this is always very considerable when 
compared with such structures as dwellings and small business buildings. 
This seems only another way of saying that similar causes produce similar 
effects, but it goes a step farther by indicating that the results here are vir¬ 
tually identical; so nearly so, that the average cubic-foot cost of a certain 
kind of building can be relied on to produce an estimate within from 3 to 5% 
of the actual cost of new work of the same kind and under the same conditions. 
Other types of large structures, such as public buildings, hotels, churches and 
theaters, are less subject to standardization because more variable in equip¬ 
ment and finish. This is true also of dwellings, shops and other small struc¬ 
tures whose lesser bulk, moreover, renders even less possible a close prediction 
as to their cost. These uncertainties do not, however, warrant the rejection 
of the cubic-foot-cost method for preliminary estimating. They do indicate 
that it is less closely approximate for some types than for others. But the 
degree of uncertainty on even the most variable types may be minimized and 
should be reduced to perhaps 10% under a careful system of cost-computation. 
Such system should cover a considerable number of examples, taking account 
of all factors of material influence upon cost in each type, and must follow a 
consistently uniform method of determining cubic-foot values. 

The Factors Which Influence Cost include the following: 

(1) Prevailing market prices of labor and materials. 

(2) Type of construction employed, depth and kind of foundations and 

existence of special features such as towers or domes. 

(3) Finish: external facing and ornamentation; internal surfacing and 

decoration. 

(4) Equipment: (d) number and complexity of heating, lighting, ventilat¬ 

ing, sanitary, elevator and other systems; ( b ) extent to which appa¬ 
ratus or equipment, such as laboratory-devices, opera-chairs, bank- 
counters, etc,, is provided for direct use of occupants of building. 

(5) Fees of architect and other experts. 

(6) Locality: Costs of structures of a given type will vary with the locality 

because of differing standards of practice and building laws, availa¬ 
bility of building materials, labor, etc. 

(7) Other items, developing in the experience of the architect. 

The Method of Determining Cubage may either simply recognize the 
geometrical volume of the building or, better, may employ a coefficient 
of value for any part whose cost varies materially from the average. The 
latter method may be preferred as allowing a closer calculation of variations 

• The data given in paragraphs: Notes on Modifying Conditions, The Factors Which 
Influence Cost, The Method of Determining Cubage, and Cubic-Foot Costs are quoted, 
by permission, from notes relating to this subject, compiled by Dr. Warren P. Laird from 
the study of a large number of public and private buildings erected in widely separated 
districts of the United States. For these buildings Dr. Laird acted as the professional 
adviser for the selection of the architect, and in all cases the estimate of the cost of the 
buildings was based strictly upon a total number of cubic feet and a fixed unit cost per 
cubic foot. 
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from known examples. For instance, an unfinished cellar or other story or a 
small light-court would cost less per cubic foot than the remainder of the build¬ 
ing, while a tower or dome of finished basement containing, also, an expensive 
mechanical plant, would cost more. Foundations sometimes cost so much 
that they require figuring to their full depths as though the finished building 
were carried down to that level. 

Cubic-Foot Costs. Subject to the foregoing considerations, the following 
data on fire-proof buildings may be taken as approximately safe, depending 
upon the location of the project. 

Construction: steel and terra-cotta, stone and brick facings, complete 
equipment and superior grade of interior finish: 

k Cents per 


Type of Building cubic foot 

Office-buildings.65 to 85 

Public buildings.80 to 100 

School-buildings...45 to 60 


Cost-Data of Buildings 

Cost of Some Notable Buildings in New York City. Some of the more 
prominent buildings in the Borough of Manhattan, City of New York, are in¬ 
cluded in the following table. For all these structures the costs per cubic foot 
are given. By reason of its height the Woolworth Building may be considered 
the most notable of the list. The cubic contents total nearly 12 000 000 cu ft. 
Its foundations are carried to rock, which is about 120 feet below the street- 
surface. The approximate weight of its steel frame is 23 000 tons. 

The Grand Central Station, as a complete terminal, is a very complex struc¬ 
ture, but there is a distinct part which contains the passenger-concourse and 
the waiting-rooms, restaurant and other parts that are considered necessary 
to care for the traffic. The cubic contents of this part total about 14 000 000 
cu ft. Other parts of the building are not considered in the present reference. 


Some interesting facts as to the main station, only, are: 

Cost, about. $8 000 000 

Ground-area above street-level, square feet. 266 000 

Additonal station-facilities under street, square feet,_ 80 000 

Floor-area devoted to station-purposes, square feet. 1 188 000 

Cubic contents, about, cubic feet. 32 857 800 

Steel used in construction, tons. 35 767 

Weight of largest girder used, tons. 30 


Cost of Various College Bu il di n gs. The following table giving the cost per 
cubic foot of various college buildings is taken from College Architecture in 
America by Charles Z. Klauder and Herbert C. Wise. In presenting these 
figures the authors call attention to the fact that data were received from 
many sources and that, owing to various methods of computing cubage as 
well as variations in the items considered in computing the actual cost o.f the 


buildings, the figures are approximate. 

Administration and academic buildings.58 ct 

Libraries and museums. 65 ct 

Chapels and auditoriums. 47 ct 

Science (laboratory) buildings.75 ct 

Engineering and shop buildings.45 ct 

Gymnasiums .32 ct 

Indoor stadia. 23 ct 
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Dwight James Baum was the architect for the following buildings. 
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Rankin and Kellogg were the architects for the following buildings: 
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Thomas, Martin and Kirkpatrick were the architects for the following buildings- 
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John Russell Pope was the architect for the following buildings: * 


Building 

Location 

Date 

Sto¬ 

ries 

Remarks 

Cost 
per 
cu ft 

Marcus Ward 
Home. 

Maplewood, 
N. J. 

1927-29 

2 

A group of three buildings 
Neshammy Pennsylvania 
Quarry stone, slate roofs 
and metal windows. 72 
bed-rooms, each with fire¬ 
place. Fireproof. 

$.98 

The D. A. R. 
Constitution 
Hall. 

Washington, 
D C. 

1928-29 


Auditorium seats 4000. The 
building includes a Library 
group. Exterior is of lime¬ 
stone, interior is of plaster 
Span of auditorium, 180 ft 

$.58 

First Presby¬ 
terian Church 
of New Ro¬ 
chelle. 

New R o - 
chelle.N.Y. 

1928-29 


Local rubble stone and wood 
trim. Group consists of 

church, seating 500, tower 
and Sunday School. 

$ 60 

Hendricks 
Chapel, Syra¬ 
cuse Univer¬ 
sity. 

Syracuse, N 

Y 

1929-30 


Brick and limestone, lead- 
coated copper dome Seat‘d 
1450. Interior, ornamental 
plaster and wood. 

$ 67 

Syracuse Me¬ 
morial Hospi¬ 
tal. 

Syracuse, N 
Y. 

1927-29 


Group consists of Adminis¬ 
tration Building, Patients’ 
Building and Nurses’ 
Home Brick and lime¬ 

stone, 300 patients. 

$ 82 

Club House for 
the Junior 
League of the 
City of New 
York. 

New York 
City, Bo¬ 
rough o f 
Manhattan. 

1928-29 

7 

i 

1 

Brick and limestone First, 
second and third floors for 
entertaining; fourth floor, 
bedrooms and offices; fifth 
floor, nursery for Social 
Service; sixth and seventh 
floors, swimrring-pool and 
two hand-ball courts. 

$ 96 


* The data presented in this table were prepared by the Office of John Russell Pope. 
The cubic-foot cost has been computed including all equipment of an attached nature 
necessary to the complete operation of the building, as well as kitchen tables, bread- 
and meat-cutting machines, clothes-assorting tables, etc The figures given are 
exclusive of Architect’s and Engineer’s fees and removable furniture, rugs and draperies. 

Detroit Institute of Arts, Detroit, Mich. Architects* Paul P. Cret and 
Zautzinger, Borie and Medary. This building, erected in 1923-1927, contains 
an art gallery and large concert hall. It is of fire-proof construction, 2 stories 
and basement, with a marble exterior, contains 5 661 688 cu ft; the approxi¬ 
mate cost per cu ft was 80 ct. 

Rodin Museum, Philadelphia, Pa. Architects: Paul P. Cret and Jacques 
Greber. Erected in 1929, this building is of fire-proof construction having an 
Indiana limestone exterior, and contains an art gallery. It contains one story 
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and basement, has a cubage of 248 000 cu ft and cost approximately 80 ct 
per cu ft. 

Hartford County Building, Hartford, Conn. Architects- Paul P. Cret and 
Smith and Bassette. This building, erected in 1926—1928, contains 3 stories 
and basement. It is of fire-proof construction, having an Indiana limestone 
exterior. The cubage is 1 461 051 cu ft and cost approximately $1.04 per cu ft. 

Apartments, Bryn Mawr, Pa. Architect: John F. Harbeson. This apart¬ 
ment-building was built in 1923; it contains 3 stories and basement. It 
is of brick and frame construction, has a cubage of 573 400 cu ft and cost 
approximately 48 ct per cu ft. 

Residence at Chestnut Hill, Philadelphia, Pa. Architect: Robert R. 
McGoodwin. This building, erected in 1929, w-as built of local stone for 
exterior walls with cast-stone trim, tile roof, hardwood floors, tile bathrooms 
and vapor heat. All framing was of wood. The height was 2j^ stories. 
The approximate cost was 55 ct per cu ft. 

Public-School Buildings. Davis and Dunlap were the architects for the 
following three school buildings: 

Junior High School Building 

Location: Wyncote, Penna 
Date of construction: 1928. 

Contents: Auditorium; Shops; 

Gymnasium; Library; 

Cafeteria; Rest-rooms; 

Class-rooms. 

Construction- Fire-proof; stone and concrete. 

Pupil capacity: 745. 

Total usable floor-space: 24 745 sq ft 

Total cost of construction (including architects). $283 699 
Cost of equipment, approximately: 20 000 

Cost per pupil: Cost per sq ft usable Number of sq ft 

$380 space. per pupil' 

$11 42 33 

Cost per pupil Cost per sq ft usable 

with equipment: space, with equipment 

$407 $12 27 

Note. Square foot usable floor-space includes: Class-rooms, auditorium, gymnasium, 
showers and lockers, offices, teachers’, library, toilets and special rooms. (No corridors, 
walls, stairs, boiler-room, janitor, storage, cafeteria ) 

Cost per cu ft: 28j^ ct (without architects’ commission or equipment). 
Heating- 14.95% 

Plumbing: 5.59% 

Electric: 3.2 % 

Total: 23.74% 

Junior High School Building 

Location: Camden, N. J. 

Date of construction: 1929. 
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Contents: Auditorium; Shops; 

Gymnasium; Library; 

Cafeteria; Class-rooms.' 

Construction: Fire-proof; brick and concrete. 

Pupil capacity: 1 400. 

Total usable floor-space: 53 692 sq ft. 

Total cost of construction (including architects): $656 816 
Cost of equipment, approximately: $40 000 

Cost per pupil: Cost per sq ft usable Number of sq ft 

$462 space: per pupil: 

$10 39.80 

Cost per pupil Cost per sq ft usable 

with equipment: space, with equipment: 

$497 $12 

Note. Square foot usable floor-space includes Class-rooms, auditorium, gymnasium, 
showers and lockers, offices, teachers’, library, toilets and special rooms. (No corridors, 
walls, stairs, boiler-room, janitor, storage, cafeteria ) 

Cost per cu ft: 30 ct. 

Heating- 11.1% 

Plumbing 5 9% 

Electric. 4 0% 

Total 21 0% 

Consolidated School Building 

Location: Schuylkill Township, Chester Co., Pa 
Date of construction: 1930. 

Contents: Auditorium and gymnasium combined; 
class-rooms, etc. 

Construction: Slow-burning; stone 
Pupil capacity: 300. 

Total usuable floor-space: 7 354 sq ft 

Total cost of construction (including architects)* $81 418 

Cost of equipment, approximately- $5 000 

Cost per pupil: Cost per sq ft Number of sq ft 

$271 usable space: per pupil: 

$il 24 5 

Cost per pupil, Cost per sq ft 

with equipment: usable space, 

$288 with equipment: 

$11.71 

Note: Square feet usable floor-space includes: Class-rooms, auditorium, gymnasium, 
showers and lockers, teachers’ rooms, toilets. (No corridors, walls, stairs, boiler-room, 
janitor or storage.) 

Cost per cu ft: 28ct. 

Heating: 19 41% 

Plumbing: 5.63% 

Electric: 4.7% 


Total: 29.74% 
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Federal Buildings.* In presenting data for the following seven Federal 
Buildings it should be noted that the cubic-foot rates on the projects cited 
are based upon the lowest bid submitted. Competition on public-building 
construction results in a large number of bidders and the range in the pro¬ 
posals submitted results in a difference varying from 50% to over 100% over 
the lowest bidder. It is obvious that any unit rate per cubic foot of volume 
determined on the basis of the low bid is not a true index to the cost of a 
particular building. 

Worcester, Mass. Contract awarded June, 1930. 

A five-story and basement building of fire-proof construction; the exterior 
walls faced with granite, flat roof, steel sash, main entrance lobby marble 
wainscot, ornamented plaster ccilihg; the first and second floors devoted to 
postal service and three upper floors of typical office finish. 

Ground area. 17 700 sq ft 

Cubical contents. 1 225 000 cu ft 

Rate per cu ft.60 ct 

White Plains, New York. Contract awarded August, 1930. 

Basement, one and part two-story fire-proof building, brick faced with 
stone trimming, flat roof; interior public lobby having marble wainscot and 
ornamented plaster ceiling; second floor typical office finish. 

Ground area. 12 600 sq ft 

Cubical contents. 466 000 cu ft 

Rate per cu ft .41 ct 

Lima, Ohio. Contract awarded January, 1930. 

One-story and basement fire-proof building; exterior facing of limestone, 
copper-covered pitched roof, steel sash; main entrance lobby marble wainscot, 
ornamented plaster ceiling. 

Ground area. 20 000 sq ft 

Cubical contents. 712 000 cu ft 

Rate per cu ft. 41 ct 

Flint, Mich. Contract awarded July. 1930. 

Basement, one and part two-story building of fire-proof construction, lime¬ 
stone face, slate-covered pitched roof over two-story portion, flat roof else¬ 
where, steel sash; main lobby marble wainscot, ornamented plaster ceiling. 

Ground area. 24 000 sq ft 

Cubical contents. 1 027 000 cu ft 

Rate per cu ft.35 ct 

San Bernardino, Calif. Contract awarded June, 1930. 

Two-story and basement building of fire-proof construction; exterior of 
brick with stucco facing and architectural terra-cotta trimming, tile roof; 
main lobby marble wainscot, ornamental plaster ceiling. 

Ground area. 15 000 sq ft 

Cubical contents. 598 000 cu ft 

Rate per cu ft. 39 ct 

Asheville, N. C. Contract award July, 1929. 


• Data for the seven Federal Buildings here listed have been presented by the Office 
of Supervising Architect, James A. Wetmore, Acting Supervising Architect. 
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Three-story and basement, fire-proof construction, granite-faced to first- 
floor line, limestone-faced elsewhere except rear and courts which are of brick, 
copper-covered pitched roof, steel sash; main lobby wainscot, ornamented 
plaster ceiling. 

Ground area. . . 

Cubical contents 
Rate per cu ft. . 

Springfield, Ill. Contract awarded December, 1929. 

Three-story and basement building, fire-proof construction, limestone 
facing, except rear; copper-covered pitched roof, main lobby limestone 
wainscot 4 ft high, plaster walls, ornamented ceiling. 

Ground area. 29 700 sq ft 

Cubical contents. 1 638 000 cu ft 

Rate per cu ft. 43 ct 

Of new federal buildings in the District of Columbia, those of the Internal 
Revenue and the Department of Commerce are the only two upon which the 
office has any definite data. The building of Internal Revenue has a ground 
area of approximately 150 000 sq ft and 16 100 000 cu ft volume. It is a 
seven-story building, limestone faced, with Tennessee marble columns, and 
tile roof. When completed it will have cost approximately 50 ct per cu ft. 

The Commerce Building has a ground area of approximately 176 000 sq ft 
and a content of approximately 27 160 000 cu ft, entirely limestone-faced, tile 
roof, and will cost, when completed, approximately 60 ct per cu ft. 

Percentages of Cost of Items of Construction in Fire-Proof 
Buildings 

The tables * on the following pages show the division op the costs of fire¬ 
proof buildings among the different materials and parts of the construction, 
the data having been furnished the compiler by architects and builders in the 
cities mentioned in the tables. Each column of values in the tables gives the 
data for an individual building, except the values for New York City, in the 
second, third and fifth columns, which show the averages for a large number 
of buildings. The tables on the first four pages include only buildings 
approximating closely the standard specifications of the National Board of 
Fire Underwriters. The tables show that the foundations and steel frames, 
the only parts little damaged in conflagrations, represent, approximately, only 
25% of the entire sound value of a building. For example, in the tables on 
the first four pages, the average cost of all the foundations is 8%, while the 
average cost of the steel frames is 17.88%. 

* The six following tables were compiled by F. J. T. Stewart, Continental Insurance 
Company. All are reproduced, by permission, from J. R. Freitag’s Fire Prevention and 
Fire Protection. 


24 200 sq ft 
1 380 253 cu ft 
45 ct 
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Classified construction 

Marble ... 

Wall-lining or furring. 
Floor-arches, roof, etc. 
Cinder-concrete filling 

over arches . 

Partitions . 

Partitions, cleaning and 

wrecking . 

Safety-deposit vaults 
Miscellaneous scaffolding 
and wrecking . . . 
Miscellaneous masonry 

Equipment . 

Elevator-plant ... 

Plumbing . 

Heating-system . 

Boiler-plant . 

Lighting-system, wiring 
and fixtures. . 
Dynamos, switchboards, 

etc . 

Fixtures . 

Mail-chute . 

Filter-plant . . 
Refrigerating-plant. ... 
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Vault-doors and safe- 
doors. 

Plash-signals and indi¬ 
cators . 

Furniture .... 

Ventilation. 

Trim and finish .. . 
Carpentry, rough. . 
Carpentry, finish . . 

Hardware, rough. . 
Hardware, finish. 

Marble. 

Mosaic. 

Glass. 

Slate. 

Plastering. 

Fresco. 

Paint and varnish.... 
Office - partitions (wood 

and glass). 

Ornamental iron . 
Skylights and sheet metal 

Office-grill. 

General expenses . 
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Classified construction 

Marble. 

Wall-lining or furring. 
Floor-arches, roof, etc 
Cinder - concrete filling 

over arches. 

Partitions . 

Partitions, cleaning and 

wrecking . 

Safety-deposit vaults 
Miscellaneous scaffold¬ 
ing and wrecking 
Miscellaneous masonry 

Equipment . 

Elevator-plant. 

Plumbing. 

Heating-system. 

Boiler-plant. . 
Lighting-system, wiring 
and fixtures. . 
Dynamos, switchboards, 

etc . 

Fixtures . 

Filter-plant . 

Refrigerating-plant... 
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Classified construction 

Safes. 

Vault-doors and safe- 

doors. 

Flash-signals and indi¬ 
cators . 

Furniture. 

Ventilation. 

Trim and finish . 

Carpentry, rough. . 

Carpentry, finish. 

Hardware, rough ... 
Hardware, finish. . . 

Marble . 

Mosaic. 

Glass. 

Slate. . . 

Plastering... 

Fresco. 

Paint and varnish. 

Office-partitions (wood 

and glass). 

Ornamental iron. 

Skylights and sheet metal 

Office-grill. 

General expenses .... 























Proportionate Costs 


2047 


Cost of Elements of Five Buildings 

The buildings numbered 1 to 5 in the following table were constructed in 
New York in 1926. Decimals are proportions of the total cost (labor and 
materials) of the building: 

Building No. 1. Office and Exchange, steel frame (fire-proof), limestone 
front and trim, 101 by 116; 23 stories and basement and two penthouses, 
261 000 sq ft, 3 738 000 cu ft. (Geo. A. Fuller, New York) 

Building No. 2. Office and Bank, steel frame (fire-proof), limestone front 
and trim, 65.5 by 145.25; 12 stories and basement, 125 887 sq ft, 1 569 512 
cu ft. (Geo. A. Fuller, New York) 

Building No. 3. Hotel, reinforced concrete (fire-proof), face-brick front, 
terra-cotta trim, 172 by 200; 10 stones and penthouse, 234 631 sq ft, 3 017 015 
cu ft. (Geo. A. Fuller, New York) 

Building No. 4. Factory, reinforced concrete, $461 711. Brooklyn. 
(Barney-Ahlers Construction Corporation.) 

Building No. 5. Factory, reinforced concrete; $213 666; Long Island 
City, N. Y. (Barney-Ahlers Construction Corporation.) 



Main operations Included in main operations 
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• This table has been taken by permission from Appraisers and Assessors Manual, by Prouty, Collins and Prouty, published by McGraw-Hill Book 
Company, Inc., New York. 
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Cost of Buildings per Square Foot 

One-Story Buildings of Large Area, such, as exposition-buildings, etc., 
may be estimated almost as accurately by the square foot of ground covered as 
by the cubic foot of building, as there are few or no interior partitions, and usu¬ 
ally no plastering or interior finish. The cost of buildings for the Chicago 
World’s Fair (1893), the St. Louis Exposition (1904), the San Francisco 
Exposition (1915) and the Philadelphia Sesqui-Centennial Exposition (1926) 
are given here for purposes of comparison. 

Exposition-Buildings. The cost * of the World’s Fair buildings (Chicago, 
1893) per square foot of ground covered, including sculpture and decoration, 
was as follows: 


Manufactures and Liberal Arts Building .... $1 39 

Transportation Building. 1 08 

Electricity Building. 1 69 

Machinery Hall. 2 12 

Agricultural Building. 1 44 

Administration Building. 9 18 

Horticultural Building. 1 41 

Mines and Mining Building. 1 04 

Fisheries Building. 2.35 

Forestry Building. 0.75 


Cost of Structures for the St. Louis Exposition (1904). The following 
figures were issued by Isaac S. Taylor, at that time Director of Works, of the 
World’s Fair, showing the area and cost of the principal exhibition-buildings. 
The total area of twenty-two buildings was 123.51 acres, and the total cost 
$6 939 992.26. The cost was for the bare buildings, and did not include 
sculptural or other decorations, or the architects’ compensation. 


Building 

Dimensions, 

Area, 

Total cost 

Cost, 

ft 

acres 


sq ft 

Art. 

Two Art Pavilions, each 

161X346 

144X423 

1 42 ) 

3 14 / 

$967 833 90 

$5 45 

Art Building Annex.. 

106X150 

0 41 

39 388 99 

2.48 

Government Building. 

200 X 736 

3 86 

328 980 00 

2.23 

Government Fisheries.. 

136X136 

0 42 

45 000 00 

2.43 

Mines and Metallurgy. 

525X750 

9.08 

488 848.50 

1.24 

Liberal Arts . 

525X750 

8 80 

471 820 95 

1.20 

Education and Social Economy 

525X758 

7.70 

323 950.75 

0.81 

Manufactures.... 

525X 1 200 

13 47 

711 510.00 

1.13 

Electricity. . . 

525X758 

6 67 

408 531.57 

1.03 

Varied Industries. 

525X1 200 

10 28 

704 067.96 

1.12 

Machinery.. 

525X 1 000 

9,48 

509 110.50 

0 97 

Steam, Gas and Fuel. . . 

301X326*6 

2 25 

135 480.00 

1 38 

Transportation. . ... 

525X1 300 

15 70 

674 853.42 

0..99 

Horticulture. 

374X 782 

5 42 

225 342 27 

0.77 

Agriculture. 

500X1 600 

18 62 

520 491.07 

0.58 

Forestry, Fish and Game. .. 

r 

300 X 600 

195 in diam¬ 

4.07 

1 

168 883.38 

0.94 

Festival Hall.) 

eter, exclusive 

\ 1.09 

215 899.00 


l 

of annex 

J 




Given by E. C. Chankland, chief engineer. 
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The Panama-Pacific International Exposition at San Francisco (1915). 
The following table was taken from the Official History of the International 
Celebration held at San Francisco, by Frank Morton Todd. The eleven 
buildings, exclusive of the California Building and the Motor Transportation 
Building, which were exceptional, covered over 64 acres, including grading, 
sewers, conduit systems, foundations and everything complete. 


Ground Areas and Construction Costs 


Building 

Area, sq ft 

Cost 

Cost per sq ft 

Fine Arts and Annex* 

148 558 

$631,929.92 

$4.25 

Education . 

205 127 

300 183.04 

1.46 

Food Products. 

236 752 

326 594.69 

1 38 

Liberal Arts. 

251 269 

325 447.90 

1 29 

Agriculture . 

328 419 

386 351.48 

1 17 

Manufactures. 

234 481 

317 436 35 

1.35 

Transportation. 

314 345 

451 560 70 

1 43 

Varied Industries. 

219 453 

296 554 07 

1 35 

Mines and Metallurgy ... 

252 613 

338 549.25 

1.34 

Machinery. 

369 562 

655 336.35 

1 77 

Horticulture. 

234 486 

352 615.90 

1.50 


2 795 065 

$4 382 559.65 i 

$1.56 

(average) 


• Annex had two floors. 


Sesqui-Centennial International Exposition at Philadelphia (1926). The 
table is taken from data prepared by the late John Molitor, City Architect and 
Supervising Architect of the Exposition, and also from his successor as City 
Architect, Wm. S. Co veil. 


Ground Areas and Construction Costs * of Principal Buildings 


Building 

Ground 
area, 
sq ft 

Extreme 

dimen¬ 

sions 

Cost 

Cost 
per 
sq ft 

Cost 
per 
cu ft 

Liberal Arts. 

338 596 

970X392 

$976 649 88 

$2.88 

$.084 

Agriculture and Food 

Products . 

367 592 

970X460 

957 427 76 

2 60 

.076 

Auditorium 

111 273 

445X274 

471 314 00 

4.23 

.10 

Transportation ... 

316 124 

880X400 

938 196 00 

2 96 

.06 

Educational 

104 936 

524X208 

441 389 00 

4 20 

.14 

Fine Arts 

68 000 

496X258 

325 881.86 

4 79 

.22 

Administration (two stories) 

9 198 

200X 73 

70 541 66 

7.66 

.26 


No heating was installed in any building except the Administration Building. 
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Depreciation of Buildings 

The Average Annual Physical Depreciation? of Buildings is given in the 
following table:* 


Building 

Annual 
physical 
deprecia¬ 
tion, 
per cent 

Building 

Annual 
physical 
deprecia¬ 
tion, 
per cent 

Academies with dormitories 

3-4 

Filling stations, oil, ordi- 


without dormitories . .. 

3K 

nary wood or corru- 


Agricultural, brick.. 

1-3 

gated steel. 

20 

frame 

2-4 

brick and concrete.. 

10 

Amusement buildings. . 

1 

Fire-proof, modem . . 

2-4 

Apartment-houses, fire- 


Flour-null, brick or stone 

2-2 H 

proof... 

l H 

frame 

3-3A 

non-fire-proof. 

3 (5 yr) 

Garages 

4 


2 A (S yr) 

Gas-plant . . 

1H-3 


2 for 

Glass-works, brick or frame 

4 


remainder 

concrete 

2H 


of life 

Grain-elevators . . 

2'A-VA 


(Zangerle) 

Hardware-works, brick . . 

3A 

Asylum, brick or stone... 

2H-3 

frame 

4 

frame. 

3K-4 

Horticultural 

2 

Auditorium... 

1 

Hotel, brick and stone . . 

2A-3H 

Bakery. 

3 

fire-proof 

1H 

Bank. 

2-2 H 

frame. 

3h- 4H 

Barns, brick.... 

3 

non-fire-resisting 

3 (5 yr) 

frame . . 

4 


2 X A (S yr) 

Bath-houses... 

Brick residences, occupied 

1 


2 for 

remainder 

by owner. 

1-Oi 


of life 

occupied by tenant 

IX-IH 

Ice-house, brick. 

3 

Frame residences, occupied 


frame 

4-10 

by owner... 

2-2\'i 

Industrial, fire-resisting 

lH(10yr) 

occupied by tenant . 

2\r~3 


1 for 

Churches, brick. . . 

1-2 


remainder 

frame 

3-4 


of life 

Clubhouses. 

1 

Institutions . . 

2-2K 

Cotton mills. 

2 -3H 

Kilns, brick, tile, or con¬ 

Court-houses. 

2-5 

crete . 

10 

Exhibition halls. 

1 

frame . 

25 

Factories 


Lofts and factories... . 

2ft-3 

all frame 

5 

Machine-tool industry, 


box and door. 

5 

brick. 

3 

candle, brick. 

3 

frame . 

5 

frame . 

5 

Mills, paint. 

m 

canning,£brick. 

2 

paper . 

2H-3H 

frame . 

4 

planing. 

5- 

cheese, brick. 

2 H 

rolling, brick. 

2H 

frame. 

3H 

frame . 

4 

hat. 


saw. 

7-10 

engineering . . 

5-10 

woolen 

2 -3A 

starch, brick 

3 

Museums ... 

i 

frame 

5 

Nail-mill, brick. 

frame 

2'A 

4 


•This table has been compiled from many sources by Prentice-Hall, Inc., of New 
York City and is published here by permission. 
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Depreciation of Buildings (Continued) 


Building 

Annual 
physical 
deprecia¬ 
tion, 
per cent 

Building 

Annual 
physical 
deprecia¬ 
tion, 
per cent 

Nut or bolt mill, brick . 

3-34 

Plants, sulfuric acid. . . 

15 

frame 

4-44 

welding and cutting . . 

124 

Office, face-brick or stone 

1-14 

X-ray. 

74 

common brick. . . 

34 — 5 

Porkhouses... 

24-4 


14 (6 yr) 

Post fence, ash. 

11 

fire-proof. 

1 for 

fur oak. 

64 


remainder 

catalpa. 

64 


of life 

cherry. . . 

10 

frame 

6 

chestnut. 

64 

Plants, absorption, gaso- 


elm 

11 

line. . 

8-134 

hemlock 

11 

acetylene gas.... 

10 

locust 

4 

ash hauling 

10 

mulberry 

6 

asphalt paving. . . . 

10 

osage orange. 

34 

blast furnace. . . . 

6 

pine 

9 

bleaching, dyeing, finish- 


red cedar 

5 

mg 

74 

red oak 

15 

brass manufacturing. 

3 

sassafras 

11 

brazing 

15 

steel . 

34 

cement, Portland, manu- 


stone 

3 

facturing. . .... 

5-10 

tamarack 

10 

chemical. . . 

3-10 

walnut 

9 

chlorination. 

5 

white cedar 

7 

coal-handling. . . 

10 

white oak 

7 

color, paint and varnish. 

5-7,4 

willow . 

16 

cooling water . . 

74 

concrete 

2 

cutting and welding 

124 

Post-Office 

4 

disposal sewage. . . 

24 

Pottery, brick. 

34 

filtration masonry. . 

2 

frame 

5 

flat spinning 

74 

Power plant 

2-5 

flour-milling. . . 

5-74 

brick and reinforced con¬ 


galvanizing 

12,4 

crete .. 

4 

gas. natural 

20 

brick . . 

1 

gasoline, natural gas 

8-134 

frame, heavy . 

14 

hotel . . . 

74 

light . . 

2 

ice . . . 

5 

electric light and railway 

2-4 

jam factory .... 

5 

Prison. 

1 

jewelry manufacturing 

5 

Quarry. . . 

24 

lace, embroidery and 


Railroad, frame . . . 

5 

muslin manufacturing 

74 

Refineries, oil, located at 


laundry. 

5-10 

point, assuming long 


linen-weaving 
linoleum and floor cloth 

7,4 

supply of crude oil.... 
oil, located at point, as¬ 

5 

manufacturing. . 

5-74 

suming supply for sev¬ 


ore production. 

74 

eral years 

10 

photo-engraving. 

5 

oil-skimming plants and 


printing 

5-10 

small refineries of poor 


pumping, mine. 

5-124 

construction or located 


refrigeration 

7 

at points where supply 


silk-manufactunng. . . . 

74 

of crude oil is not as¬ 


steel-manufacturing... 

15 

sumed for a long period 
of time. 

17 
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Depreciation of Buildings (Continued) 


Building 

Annual 
physical 
deprecia¬ 
tion, 
per cent 

Building 

Annual 
physical 
deprecia¬ 
tion, 
per cent 

Refineries, sugar . .. 

7 H 

Steel construction. . 

2-7 

bnck. 

2H 

Store, brick 

1-5 

frame.. 

4 

frame . ... 

1-6 

Retort houses, gas. 

3J-S-10 

fire-proof . ... 

1-jm 

Rolling mills, brick. . 

2M 

Storehouses, frame 

6 H 

frame 

4 

Substation, public utility 

2-7 

Roundhouses, railroad 

3 

Tanneries, brick . 

2 H-3 

Rubber factory. 

12 H 

frame 

3'A -4 

Saltworks, frame. . 

4 

Telephone and telegraph. 

2-3 

Schools. 

4 

Tenement, brick. 

3H-4 

Sheds, coal. 

4-5 

frame 

6K-10 

dry . 

5 

Theater. . . 

6 

poultry, portable. . 

10 

Warehouse, brick. 

! 2-3 

railroad, frame . ... 

5 

brick and steel. 

4-6 

ship . . . 

3H 

mill-type construction.. . 

4 

snow ... 

4 

steel 

3 

Shops, blacksmiths, stone 


wood... 

3-8 

or brick. 

5 

Windmills. 

7H 

frame . . . 

8 

Woolen mills, brick 

2-2 M 

machine. 

10-15 

frame 

3-3H 

brick .... 

3-5 

Works, brick-making, brick 

3K 

frame. 

4-8 

glass, brick. . 

3-4 

railroad 

2 3-3 

frame . 

4-4^ 

1st and 2d class. 

l!i-2 

hardware, brick . . 

3H 

Stables, brick. 

3-5 

frame 

4 

frame ... . 

4-10 

nail, brick. .... 

2H 

Starch plant, brick. . . 

3 

frame . 

4 

frame . . 

5 

salt, frame . 

4 

Stations and waiting-rooms, 




railroads 

2-3 




THE QUANTITY SYSTEM 

Explanation of the System. The quantity system is not, as some persons 
have supposed, merely the taking off of a list of items by one person, probably 
with uncertain accuracy, for some other person’s use. It means the careful 
measurement by a disinterested expert specially trained in this kind of work, 
that is, a quantity surveyor. This specialist proceeds in a manner quite 
different from that of the average contractor. He follows a certain recognized 
order and system in taking off quantities, abstracting and billing, with a view 
to eliminating errors. He uses certain uniform standards of measurements 
and expressions well understood by bidders. His checking and rechecking 
methods to ensure accuracy must be studied to be appreciated by those to 
whom the quantity system is unknown. A record is kept of every item, 
however small, having a money-value. These items are classified and 
arranged, each under its proper trade or department, in methodical order. 
Guess-work methods are unknown to the quantity surveyor, while his accuracy 
and attention to even small details is worthy of comment. Every bidder 
figures from a copy of the surveyor’s quantities furnished to each one, with 
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(if desired) the plans and specifications. The surveyor who does this work is a 
professional man similar to the engineer or the architect. He should, in fact, 
have, and he usually has had, experience in these professions, and in addition, 
at practical experience acquired in the field in actual contact with and super¬ 
intendence of construction-work. 

Method of Procedure. Such a surveyor, in taking off quantities from an 
architect’s or engineer’s drawings, readily detects any discrepancies due to 
hasty preparation or other cause. The attention of the architect or engineer 
is called to such matters by the quantity surveyor, as he goes on with his work. 
Detected in this way, all uncertainties are at once corrected and adjusted, so 
that by the time the drawings and specifications reach contractors, everything 
has been made plain and accurate and the possibility of error in quantities 
can therefore be disregarded. The resulting document, the bill of quanti¬ 
ties, is then either printed or otherwise reproduced, and a facsimile copy 
supplied free of cost to each bidder who inserts his unit price opposite each 
item and in an hour or two foots up the money-cost in dollars and cents. This 
is really all that a contractor should be expected to do (for nothing). The 
bill of quantities contains everything the contractor is called upon to per¬ 
form or furnish, in order to complete his contract. In short, the bid becomes 
a proposal to do a certain fixed quantity of work, no more and no less. This 
then, briefly, is the main underlying principle of the quantity system: a 
definite quantity of work for a definite price, and the elimination of every 
condition which now compels bidders to take chances. 

Advantages Claimed for the Quantity System. The following are the 
advantages claimed for the system: 

(1) An immense saving of time and money now wasted by bidders; all 
doing the same thing, going over the same ground, and each arriving at a 
different result. 

(2) Safer bids, as the work to be performed is clearly written out in the 
bill of quantities, which can be the essence of the contract. 

(3) No expense to the bidder; the owner pays for the quantities knowingly. 
The owners pay now, but this fact is not brought to their attention, and it 
does not occur to them. The percentage added to a bidder’s net cost is not 
all profit, a certain portion being absorbed in overhead charges, including cost 
of estimating, which, of course, is ultimately borne by owners. 

(4) Saving of disputes arising from ambiguities, oversights, and even errors, 
all causing extra claims more or less just, but usually vexatious, and sometimes 
embarrassing. 

(5) Better opportunities for the competent bidder, as the bidders all work 
up and price from the same basis. 

(6) Better work and greater harmony If no part of the work is omitted 
there is less reason to skin the work, a proceeding which produces friction, or 
worse. 

(7) Misunderstandings are reduced. The bill of quantities states clearly 
what is intended, and is a sort of clearing-house for the drawings and specifica¬ 
tions. 

(8) Neither party can obtain an advantage over the other on quantity or 
description of work. 

(9) No disputes with subbidders, it being clearly stated what each trade is 
to furnish. 

(10) Contractors have no figuring of quantities to do and can therefore 
devote more time to buildings in hand and save profits now lost for want of 
their personal supervision. 
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(11) Fewer inferior contractors as lowest bidders. 

(12) Fewer extras, which are usually a trouble to all concerned. 

(13) The architect or engineer has the assistance by collaboration of the 
professional quantity surveyor, who is available, also, for preliminary figures. 
This advance-information, now so often furnished by a prospective bidder, 
creates undesirable obligations. 

(14) No change or reorganizing of architects’ offices is entailed. Much 
detail-work now involved in receiving bids could be taken care of in the 
quantity surveyor’s office. 

(15) The drawings and specifications having been previously made as com¬ 
plete as possible, subsequent inconvenience to contractors and foremen on the 
job, and inquiries at the architects’ offices for explanations become unneces¬ 
sary. The bill of quantities gives detailed information which cannot be 
well given by drawings. 


DIMENSIONS AND DATA USEFUL IN THE PREP¬ 
ARATION OF ARCHITECTS’ DRAWINGS 
AND SPECIFICATIONS 

Dimensions for Furniture. For the convenience of draughtsmen when 
designing furniture or providing space for a special article the following approx¬ 
imate dimensions are given: 

Chairs and Seats. The average figures taken from a variety of good chair 9 
are: Height of the seat above the lloor, 18 in; depth of the seat, 19 in; the top 
of the back above the floor, 38 in. Usually the seat increases in depth as it 
decreases in height, while the back is higher and slopes more. Twenty inches 
inside is a comfortable depth for a seat of moderate size. Chair-arms are 
about 9 in above the seat. The slope of the back should not be more than 
one-fifth the depth of the scat. A lounge is 6 ft long and about 30 in wide. 

Tables vary in shape and size almost as much as chairs. Writing-tables and 
dining-tables are made 2 ft 5 in high, and the type of sideboard called a carv- 
ing-table is made 3 ft high to the principal shelf; but tables for general use 
are 2 ft 6 in high. Dining-tables are made from 3 ft 6 in to 4 ft wide and to 
extend from 12 ft to 16 ft by means of slides within the frame. This frame 
should not be so deep as to interfere with the knees of any one sitting at the 
table; that is, there must be about 2 ft clear space between it and the floor. 
The smallest size practicable for the knee-holes of desks and library-tables 
is 2 ft high by 1 ft 8 in wide, the width to be increased as much as possible. 

Bedsteads are classed as single, three-quarters, and double. A single 
bed is from 3 to 4 ft wide inside; a three-quarter bed, from 4 ft to 4 ft 6 in; 
a double bed, 5 ft. Bedsteads are from 6 ft 6 in to 6 ft 8 in long inside. Foot¬ 
boards are from 2 ft 6 in to 3 ft 6 in and headboards from 5 ft to 6 ft 6 in high. 
Single beds for dormitories are often made only 2 ft 8 in wide. 

Bureaus vary in shape and size to such an extent that it is almost impossible 
to say that any dimension is fixed. Convenient sizes are: body, 3 ft 5 in 
wide, 1 ft 6 in deep, and 2 ft 6 in high; or 4 ft wide, 1 ft 8 in deep and 3 ft 
high. 

Chiffoniers are about 3 ft wide, 1 ft 8 in deep and 4 ft 4 in high. 

Cheval-Glasses are made, if large, 6 ft 4 in high and 3 ft 2 in wide. If small, 
5 ft high and 1 ft 8 in wide. If medium, 5 ft 6 in high and 2 ft wide. 

Sideboards may be from 4 to 6 ft long and from 20 in to 2 ft 2 in deep. 
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Upright Pianos vary from 4 ft 10 in to 5 ft 6 in in length, from 4 to 4 ft. 
9 in in height and are about 2 ft 4 in deep over all. 

Miniature and Baby-Grand Pianos vary from 5 ft 10 in to 6 ft in length, and 
are about 4 ft 10 in in width. 

Grand Pianos vary from 5j'2 ft to 6 ft 10 in in length, and are about 4 ft 10 
in in width. 

Concert-Grand Pianos are about 8 ft 10 in in length and 5 ft in width. 

Billiard-Tables (Collender), 4 by 8 ft, 4 ft 2 in by 9 ft and 5 by 10 ft. Size 
of room required 13 by 17 ft, 14 by 18 ft and 15 by 20 ft, respectively. 

Dimensions of Plumbing-Fixtures. Enameled-Iron Bath-Tubs. Standard 

sizes for roll-rim baths are: nominal lengths, 4 ft, 4^2 ft, 5 ft, 5j^ ft and 6 ft; 
width over all, from 30 to 34 in. Specially narrow tubs are made from 25 to 
29 in wide. The actual length over rim is usually l or 2 in more than the 
nominal length, and 3 in will include an ordinary overflow-pipe. 

Lavatories are made in various sizes, the average sizes varying from 20 in by 
18 in to 30 in by 24 in. 

Water-Closets have the following average dimensions, height to top of 
tank, 34 in to 39 in; length of tank, 23 in, wall to front, 24 in to 30 in. 
The smallest space permissible for water-closet compartments, where doors 
open out, is 2 ft 4 in by 3 ft 3 in. If the doors open i:., the compartment 
should be 3 by 5 ft. 

Closet-Ranges, used in schools and factories, are made 24, 27 and 30 in, 
center to center of partitions. For graded schools, 24 in is ample, and for 
factories, 27 in. The range usually occupies a space 28 in in depth, if set 
against a wall. 

Urinal-Partitions should be from 24 to 27 in, center to center of partitions; 
depth of partitions, 20 or 22 in; of ends, 2 ft; of bottom slab, 2 ft; height of 
partitions, from 4 ft 6 in to 5 ft 6 in. Porcelain stall urinals have nominal 
widths of 18 and 24 in, and may be set with or without spaces between. 
Heights are usually about 40 in above the floor-level. 

Kitchen-Sinks are made in a great variety of sizes, those most commonly 
used being 16 by 24 in, 18 by 30 in, 18 by 36 in, 20 by 30 in and 20 by 36 in. 
The depth inside, for the sizes given, is 6 in. 

Cast-Iron Slop-Sinks, common sizes, are 16 by 16 in, 16 by 20 in, 18 by 22 in 
and 20 by 24 in; 12 in deep. 

Copper Pantry-Sinks. Common sizes are 12 by 18 in, 14 by 20 in and 16 by 
24 in; 6 in deep. 

Laundry-Trays of slate or soapstone are commonly made 2 ft wide over all 
and 16 in deep. Lengths over all, two-part trays, 4 ft and 4 ft 6 in; three- 
part trays, 6 ft, 6 ft 6 in and 7 ft. Earthen and porcelain trays come separately, 
and are connected as required. The dimensions of each tray are 2 ft or 2 ft 
in in length, 2 ft l}^ in in width and 15 in in depth, inside. The length 
required for two 2-ft trays is 4 ft 1 in; for three trays, 6 ft 2 in; and for four 
trays, 8 ft 3 in. 

Range-Boilers are 12 in diameter for 30-gal, 14 in for 40-gal, 16 in for 52- 
gal and 63-gal, 22 in for 100-gal and 120-gal boilers. 

Passenger Automobile. Length from 11 to 19 ft; width, 6 ft; height, 5 ft 
6 in to 6 ft 4 in. Turning diameters vary from 34 to 53 ft. 
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Dimensions of Locomotives and Cars. The dimensions of locomotives 
and freight-cars vary considerably, but the following will cover those in com¬ 
mon use: 

Locomotives. From 15 ft 4 in to 16 ft 3 in to top of stack from top of rail; 
extreme width of cab, 11 ft 6 in. Doors to admit locomotives should be from 
12 to 13 ft wide and 18 ft high. Extreme width over cylinders, 10 ft 6 in. 
to 11 ft 9 in. 

Automobile and Furniture-Cars are from 15 ft to 16 ft 2 in, from top of track 
to top of rake-staff; floor, 3 ft 6 in to 4 ft 2 in from track; extreme width, 
10 ft to 11 ft. 

Stock-Cars, from 13 ft 5 in to 14 ft 6 in, from top of track to top of brake- 
staff; floor, 3 ft 6 in to 4 ft 2 in from track; extreme width, 10 ft to 11 ft 2 in. 

Refrigerator-Cars, 14 ft 6 in, from top of track to top of brake-staff; floor, 
3 ft 6 in to 4 ft 2 in from track; extreme width, 10 ft. 

Hopper-Cars, from 10 ft to 12 ft 6 in, from top of rail to top of brake-staff; 
extreme width, from 10 ft to 10 ft 6 in. 

Gondola and Open-top Cars, from 7 ft to 13 ft from top of rail to top of 
brake-staff. Floor, 3 ft 2 in to 4 ft 6 in; extreme width, 10 ft to 11 ft 3 in. 

Doors to admit box-cars should be 22 ft high, to permit a man to stand on 
top. Minimum width of doors should be 13 ft 11 in. 

Passenger-Coaches vary from 14 to 16 ft in height and from 10 to 11 ft in 
width. Doors to admit cars should give at least 12 in clearance on each side, 
and 2 ft overhead. 

The Gauge of a railroad track is the distance between the inner sides of the 
heads of the two rails. The standard gauge is 4 ft 8 Yl in¬ 
capacity of Freight-Cars. Car-Loads. The capacity of freight-cars, and 
the minimum car-loads, vary so greatly that no accurate general information 
can be given. For heavy freight, 25 tons is an average load; for light freight, 
from 12 to 15 tons; for household goods, from 6 to 12 tons; for lime, 15 tons 
is about a minimum load; for cement, 20 tons. The minimum car-load, to 
obtain car-load rates, varies with different roads, and also with the rate made; 
a low rate is usually made on the basis of a big load. Thirty tons is a good load 
for heavy freight, and 40 tons is about the maximum, except for special cars. 
Coal-cars hold from 50 to 70 tons 

Street Trolley-Cars are about 8 ft 6 in wide for the car proper, and the steps 
project about 8 in. Height from track to top of coach, 11 ft 6 in; the trolley- 
stand is 18 in higher. The length varies, up to 42 ft. Trucks for a 41 ft 6 in 
car are about 24 ft apart. Wheel-base, 4 ft center to center. Radius of short¬ 
est curve in Denver, Colo., 35 ft to midway between rails. 

Miscellaneous Dimensions. Horse-Stalls. Width, from 3 ft 10 in to 4 ft 
or else 5 ft or over; length, 9 ft. The width should never be between 4 ft and 
5 ft. 

Coal-Bins. Volumes of coal bins may be computed on the assumption 
that a ton of anthracite coal (2 240 lb) occupies 40 to 43 cu ft, while a ton of 
bituminous coal occupies 43 to 48 cu ft. 

Dimensions of Standard Bowling-Alleys.* For one pair of alleys* Room 
necessary, 83 ft over all; 11 ft 6 in wide, 60 ft from foul-line to head pin, 3 ft 
for pins to back of alley, 4 ft for pin-pit, 8 in deep in front, 6 in in back; alleys 

• Dimensions furnished by The Brunswick-Balke-CoIIender Company, New York Citv. 
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of maple flooring, should extend on and beyond the foul-line 12 ft, and then 
4 ft more, making a 16-ft approach to the foul-line for the player to run to 
deliver the bail. For okE alley: Same length, 83 ft, width, 6 ft Z)4 in; 
closer dimensions; beds 42 in, gutters 9 in, division-pieces 2% in ball-return 
9% in. 



In 


In 

One alley: Ball-return. 

9> 4 ' 

Ovr. pair of alleys: Ball-return 

9 H 

First-division piece.. ... . 

m 

First-division piece . 

2M 

Gutter. 

9 

Gutter . . . 

9 

Bed. 

42 

Bed . 

42 

Gutter. 

9 

Gutter.. . . 

9 

Second-division piece. . 

2?4 

Second-division piece. 

2*4 

6 ft 3}4 in = 

75M 

6 ft 3}^ in = 

75 H 


To the 75}^ in of the pair of alleys, should be added 


Gutter_ . . . .9 

Bed . .42 

Gutter. . 9 

Third-division piece. . .... 2j£ 


138 

Additional room should be provided for the bowlers and spectators as these 
dimensions are for the alleys only. 

Dimensions of a Barrel. Diameter of head, 17 in; diameter at bung, 19 in; 
length, 28 in; volume 7 680 cu in 

Weight of Men and Women. The average weight per person of twenty 
thousand men and women weighed at Boston, Mass, in 1864, was: men, 
141 J-i lb; women, 124} o lb. 

Wooden Flagpoles. For a flagpole, extending from 30 to 60 ft above the 
roof, the following proportions give satisfactory results The diameter at the 
roof should be J 50 the height above the roof, and the top diameter one-half 
the lower. To profile tue pole, divide the height into quarters; make the 
diameter at the first quarter above the roof, fifteen-sixteenths of the lower 
diameter; at the second quarter, seven-eighths, and at the third quarter, 
three-quarters the lower diameter. 

Steel Flagpoles.* Many Departments of Education have abandoned the 
use of wooden flagpoles and are using steel flagpoles. For an ordinary build¬ 
ing, 60 ft in height above the curb, a pole 43} 2 in height is used, which is suf¬ 
ficient for the tackle of a large or post-flag, for the reason that roof-parapets 
are very low. Each pole is required to be fitted complete with a cast-iron, 
galvanized, revolving truck, mounted on crucible-steel pins, the cap beneath 
it, also, being of galvanized iron. The truck is fitted with two 4?£-in bronze 
sheaves on Tobin-bronze pins, surmounted with an 8 -in 20-oz copper ball, 
acid-cleaned and painted with four coats of the best English weather-proof 
sizing, and covered with XXXX leaf-gold. One or more field-joints are per¬ 
mitted in the length of the pole, which are determined according to standard 
details, the bands being secured to the male tube, and both edges of the inner 
band and the shoe being machine-beveled to insure a perfect fit. The female 
tube is drilled and secured to the male shoe with tap-screws of sufficient 


From data compiled by E. S. Hand from notes furnished by C. B. J. Snyder. 
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strength to carry the upper section of the pole, and the ends of the screws are 
upset. The exposed ends of the female tube are chamfered and calked tight. 
A steel collar or band, to receive the copper flashing, is secured to the pole and 
braced just above the roof-lines. 

Dimensions of Schoolrooms. The dimensions of schoolrooms as required 
by the State Board of Education of the State of Pennsylvania are as follows: 
“Elementary and grade classrooms should measure 23 ft by 30 ft and be at 
lea6t 12 ft high. A room 24 ft by 32 ft with a minimum ceiling-height of 12 ft 
is approved for 40 pupils .... Every classroom shall have not less than 
15 sq ft of floor-space, and not less than 200 cu ft of air-space per pupil.” 

Heights of Blackboards in Schoolrooms. The heights from floor to base 
of blackboard should be as follows* 

Primary rooms. . 1 ft 9 in 

Elementary rooms. . .2 ft 1 in 

High-school rooms. 2 ft 6 in 

Slate blackboards are made 3 ft 6 in, 4 ft and 4 ft 6 in high, 4 ft being a very 
common and satisfactory height. 

School Doors and Stairways. Wardrobes when placed at the end of class¬ 
rooms should be entered from the classrooms only. Classroom-doors 
should open into the corridors, so as to afford the teacher control in case of 
panic. All exit-doors should open out. All stairways should be shut off from 
corridors by means of self-closing doors, which, together with the stairways 
and the enclosures, should be of fire-proof materials. Stairways should be 
of sufficient number to permit of the building being vacated within three 
minutes from the time a signal is given. This can be effected by allowing a 
linear width of 4 ft for the first 50 persons and 12 in additional for each 100 
persons in excess thereof. No stairway is to be less than 4 ft nor more than 
5 ft in width. Corridors should be 9 ft in width. Exits should be planned so 
as to provide 15 lin ft for the first 500 persons and 6 in additional for each 100 
persons in excess thereof. No stairway should have more than 15 steps in any 
one flight, changes in direction being effected by a square platform and no 
winders being used. No stair-door or exit-door should open out over a step. 
Platforms are to be provided for such doors and are to extend at least 1 ft 
beyond the edge of the door when standing open. 

Stairs. The rise of a stair is the height from the top of one step to the top 
of the next. The total rise is the height from floor to floor. The run is the 
horizontal distance from the face of one riser to the face of the next. Risers 
are the upright boards or other materials forming the faces of the steps, and 
the treads are the horizontal pieces or surfaces on which the feet tread. 
Treads are usually from 1J4 1° 1% in wider than the run, on account of the 
nosing. The height of an individual riser or the rise of any stairs is found 
by dividing the total rise by the number of risers. The run of the stairs 
may be fixed at will unless the space is cramped, but to secure a comfortable 
stair the run must bear a certain relation to the rise. 

Rules for Dimensions of Treads and Risers. For ordinary use a rise of from 
7 to 7}^ in makes a very comfortable flight of stairs. For schools and for 
stairs used by children the rise should not exceed 6 in. Stairs having a rise 
greater than 7J£ in are steep. The width of the run should be determined by 
the height of the rise; the less the rise the greater should be the run, and vice 
versa. Several rules have been given for proportioning the run to the rise: 

(1) The sum of the rise and run should be equal to from 17 to 17}^ in. 
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(2 ) Tiie sum of two risers and a tread should not be less than 24 nor more 
than 25 in. 

(3) The product of the rise and run should not be less than 70 nor more 
than 75. 

These rules apply only to stairs with nosings. Stone stairs without nosings 
should have at least 12-in treads for adults. 

Height of Hand-Rail. In dwellings, hotels, apartments, 6tc., the height of 
the rail should be about 2 ft 6 in above the tread, on a line with the face of the 
riser. For grand staircases the height may be reduced to 2 ft 4 in. On steep 
stairs the height should be from 2 ft 7 in to 2 ft 9 in. The rail should also be 
raised over winders. On landings, the height of the rail should be equal to the 
height of the stair-rail, measured at the center of the tread, the usual height in 
residences being from 2 ft 8 in to 2 ft 10 in. 

Sash-Cords.* Until a few years ago, linen or cotton cord only was used for 
connecting weights with the sashes of double-hung windows, and cord is still 
more extensively used than either ribbons or chains. For windows of ordinary 
size a good brand of cord will wear for a long time, and this material will prob¬ 
ably never be entirely displaced by metal. “Tests made at the Massachusetts 
Institute of Technology show that cords wear much longer than chains, though 
they have less tensile strength. Cords should be smooth and round, so that 
each strand bears its part of the stress, and well glazed, so that they have a 
smooth surface and consequently less wear from friction with the wheel of the 
pulley.” It has been found that cord can be braided too hard for durability, 
yet if it is braided so as to be very flexible it may be so soft that it will stretch 
and cause great annoyance by permitting the weight to hit the bottom of the 
weight-box. The architect, however, should always specify the particular 
brand and size of cord to be used, and also the diameter of the pulley. Among 
the leading brands of sash-cord at present are the Samson Spot,f and the Silver 
Lake A.t These brands are superior to the ordinary braided cords, which are 
made from inferior yarns to meet the jobbers’ requirements for price. In addi¬ 
tion to other most excellent qualities, the Samson cord offers an additional 
advantage that architects will appreciate; it has a colored strand woven 
through it, which shows ; n spots on the surface and thus enables one to tell at 
a glance that no other cord has been substituted. The Silver Lake A sash-cord 
has the name Silver Lake A branded on every foot of cord; but unless the 
letter A accompanies the name a second grade of cord is denoted. The mark¬ 
ing of the cord by color, or any other device, docs not alter the quality of the 
cord. Special marks may be applied to inferior cords as well as to the best. 
The following numbers should be specified for the different weights of sash- 
weights: 


Relative Sizes of Sash-Cords, Weights and Pulleys 


Size-number. 

0 

7 

8 

9 

10 

12 

Diameter in inches 

M 6 

7 A2 




H 

Feet per pound . . 

Suitable for weights in pounds 

66 

55 

41 

36 

27 

20 

up to. 

Minimum diameter in inches of 

5 

12 

20 

30 

40 

50 

pulley allowable 

1 X 2 

IU 

2 

2'4 

2H 

3 


• The following notes, relating to Sash-Cords, Sash-Chains, Sash-Ribbons, Sash- 
Weights and Sash-Balances, are condensed from articles by the late Professor Thomas 
Nolan. 

t Manufactured by the Samson Cordage Works, Boston, Mass, 
t Manufactured by the Silver Lake Company, Newtonville, Mass. 
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For hanging sashes weighing over 40 lb, only the largest size of Samson or 
Silver Lake A cord, or some form of sash-chain or sash-ribbon, should be used, 
and the pulleys should be selected to fit the £ord or chain. A guarantee that 
the cord will last at least twenty years may be had from either of the manu¬ 
facturers mentioned above. The Samson wire-center sash-cord has recently 
been put on the market. This is really a metal sash-cord protected by a 
braided-cotton surface which acts as a noiseless cushion. It is claimed that 
it harmonizes with the window-finish and that it has greater durability than 
other sash-cords or metal devices. The standard color is that of dark mahog¬ 
any, but this cord is made to order for large buildings in other colors to match 
the finish. 

Sash-Chains. Of several styles of sash-chains on the market, the style most 
largely used is the flat-link chain. This chain is made either of steel, or of 
bronze composed of 95% copper and 5% of tin. For suspending very heavy 
sashes, doors and gates, a cable-chain has been extensively used. Star sash- 
chain is made of bronze-metal. The manufacturers of the Norris sash-pulley 
claim that a riveted chain that has joints only one way is almost sure to break 
when even slightly twisted, and that it is better to use two chains of the link- 
pattern running side by side over the same pulley. The strongest sash-chains 
are of steel, made rust-proof by the hot-galvanizing process, and electro- 
copperplated to give a bronze finish; and of a bronze-mixture which looks like 
copper, but is tougfcer and harder. One firm claims that its galvanized-steel 
sash-chain is from 11 to 45% stronger than any bronze or copper sash-chain 
and that it will resist fire for a much longer period. The tensile strength of 
their chain varies from 475 to 850 lb, according to the weight used. 

Sash-Ribbons. These are sometimes used in hanging the sashes of buildings 
The ribbons are made of steel and aluminum-bronze or of some mixture of 
aluminum, and in ^4 and J^-in widths. They are claimed to be 

practically indestructible, but according to one series of tests it would appear 
that in some cases they do not wear as long as sash-cords or sash-chains. 
Some people object that the ribbons snap against the pulley-stiles, when the 
sash is raised or lowered, and thus make considerable noise. The ?£-in ribbon 
may be used for a sash weighing up to 100 lb and requiring 50-lb weights. 
Sash-ribbons are now manufactured by a number of firms which also make the 
necessary attachments for weight and sash. For the best working of windows 
hung with ribbons, pulleys of the following sizes should be used: 


For sashes weighing not over 40 lb, 2 in 
For sashes weighing not over 60 lb, 2\i in 
For sashes weighing not over 100 lb, 2% in 
For sashes weighing not over 150 lb, 3 in 
For sashes weighing not over 250 lb, 3H in 
For sashes weighing not over 300 lb, 4 in 
For sashes weighing not over 350 lb, 4H m 


Comparative Strength of Sash-Cords and Chains. The comparative strength 
and durability of sash-cords and chains have been determined by careful tests, 
but there is a great variation in both cases, due partly to variation in mate¬ 
rial, but principally to the relative sizes of the chain and pulley or cord and 
pulley. The cords or chains may be too light for the weights used, or the 
pulleys too small in diameter to carry the cord without undue bending. The 
pulleys may also have too narrow a groove or an uneven groove with sharp 
edges which cut the cords. The larger the diameter of the pulley, the longer 
tie wear. 
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Tests* on Wire-Center Sash-Cord and Bronze Sash-Chains. The cord 

tested was size No. 8 , in diam, Samson solid braided cotton cord with steel- 
wire cable center, 6 in in diam. The chains tested were of two different 
makes of bronze, size No. 2, purchased in the open market as typical bronze 
sash-chains, each recommended by a reputable dealer as the proper chain for 
use with a 25-lb window-weight. The tests for the better of the two^chains are 
those given. Durability-tests were made by/raising and lowering a 25-lb 
weight over a 2 -in pulley, each movement corresponding to once opening and 
shutting a window. The cord was tested over.the regular round grooved 
pulley ordinarily used for cords, and the chains were tested over the combina¬ 
tion grooved pulley usually furnished for sash-chains. For the fire-tests the 
cords or chains were hung through an asbestos box in which a Bunsen flame 
under pressure was applied to all alike, the temperature being about 2 200 ° F. 
A 25-lb weight was attached in each case to keep the cord or chain under the 
same tension. The wire-center cord took about twice as long to burn through 
and wore about seventeen times as long as the bronze chain. 


Tests on Wire-Center Sash-Cord and Bronze Sash-Chain 


Durability-tests 

Fire-tests 

Number of lifts before breaking 

Length of time before parting 

Bronze chain 

Samson wire- 
center cord 

Bronze chain, 
sec 

Samson wire- 
center cord, 
sec 

34 944 

659 892 

42 5 

78 5 

37 486 

592 559 

40 

75.5 

37 381 

632 230 

39 

77 

32 948 

594 114 

32 

75 

40 356 

631 286 



31 234 

577 154 



40 790 

504 032 



27 874 

637 796 



Average 35 377 

Average 603 633 

Average 38 4 

Average 76.5 


Weights of Sashes and Glass. In figuring the weights of windows, the 
weight of the glass may be taken at 3 3^ lb per ft for plate glass, lb for 
double-strength glass and 1 lb for single-strength glass. For the weight of the 
wooden sash, add together the height and width, in feet, of each sash, and mul¬ 
tiply by 2.1 for 2^~in sash, by 1 % for lj^-in sash and by lj 3 for l?^-in sash. 
These values are sufficiently accurate for determining the size of sash-cords 
and pulleys, but the weights should be determined by weighing each sash after 
it is glazed, as the weight of the glass varies considerably. 

Iron Sash-Weights. The weights ordinarily used for balancing windows are 
made of cast iron, in the form of solid cylinders from l 3 ^ to 2 j^ in in diameter, 
and from to 31 in long, with an eye cast in the upper end of each. The 
lengths vary with the weights, which are from 2 to 25 lb. Flat weights, which 
usually are called for in the Philadelphia and some other markets, are from 6 

* Made at the Massachusetts Institute of Technology, May, 1914, by Professor £. F. 
Miller. 
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to 34j^ in long, from 2 to 30 lb in weight, and from by to 1 % by 2^£ in 
in cross-section. In ordering sash-weights the number of pounds of each 
weight, and the sections and lengths of the 'boxes in which the weights will 
work, should be given. Ordinary weights have very rough eyes for the sash- 
cords. There are a few manufacturers in the East who make weights with 
a patent eye that will not cut the cord. A sectional sash-weight made 
with a well-designed hooking-device which has given satisfaction, is said 
to be one of the best on the market. Usually from three to six sections 
are required on each sidejto balance a sash properly. If the hooking-de¬ 
vice fails near the top the upper sash cannot be closed and if at the 
bottom the window cannot be opened. It is then necessary to open the 
weight-box and rehang the sections before the window can be operated. In 
theory, sectional weights are ideal; in practice, however, they are not con¬ 
sidered as satisfactory as solid weights. The Brown sectional weights are 
made 2}4 by 2% in and in weights of 6, 7, 8, 9 and 10 lb. They are made of 
both cast-iron and lead. It frequently occurs after a contract is let, that the 
glass is changed from double-thick to plate or prism glass. This means 
increased weight; but the length of the sash-weight cannot be increased and it, 
therefore, becomes necessary to increase the area of its cross-section. If the 
weight-box is detailed to take the regular round sash-weight, its general con¬ 
struction will be such that it will take a 2-in round sash-weight, but not a 2-in 
square sash-weight. This difficulty can be avoided by a little thought at the 
start. An added depth of }4 in in the weight-box permits the use of a rect¬ 
angular cast-iron sash-weight. The Sanborn sectional sash-weight is intended 
for use in large buildings of heavy construction. Because of the lack of uni¬ 
formity in the weight of plate glass the required weights of sash-weights cannot 
be accurately determined previous to the hanging of the sashes. By the use 
of a sectional sash-weight, combinations of units can be made up to suit the 
requirements. The units are made square or rectangular in section in order 
to secure a maximum weight with a minimum length. An opening of 12 in 
in the side of the pocket is sufficient for hanging the largest unit. These units 
are manufactured in standard sizes to meet the general conditions found in the 
building trades. 

Lead Sash-Weights. It often happens that for wide and low windows the 
weights if of iron would be so long that they would touch the bottom of the 
pocket before the bottom sash was fully raised. In such cases lead weights are 
usually resorted to, lead being 80% heavier than cast iron. By casting the 
weights square in section, whether of iron or lead, a considerable saving can 
be made in the lengths. One sash-weight manufacturer makes a specialty of 
compressed-lead sash-weights, with wrought and malleable-iron fastenings, 
centered so that the weights hang perfectly plumb; and when lead weights are 
necessary the architect will do well to specify the weights made by this com¬ 
pany. These weights are made under hydraulic pressure, by which greater 
smoothness, solidity and density of metal is secured than is possible by the 
casting-process. A wrought-iron rod is run through the center, to which are 
securely attached the malleable-iron fittings. In hanging the sashes the 
weights for the upper sash should be about ]/2 lb heavier than the sash, and for 
the lower sash, lb lighter. 

Sash-Balances. Several devices have been patented for balancing sashes 
by means of springs instead of weights. The sash-balance consists of a drum 
on which the ribbon is wound, and which contains a coiled-steel clock-spring, 
immersed in oil; the spring sustains the weight of the sash. The common type 
very much resembles in outward appearance the ordinary sash-pulley, and is 
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applied practically the same way; the ribbons, which are made usually of 
aluminum-bronze, are attached to the sashes in the same manner as cords 
when weights are used. While the sash-balance in its best form works very 
satisfactorily, it will probably never entirely supplant the weight and axle- 
pulley for ordinary windows. There are many windows, however, for which 
sufficient pocket-room for weights cannot be obtained without spoiling the 
effect desired or narrowing the glass, as in some bay windows, or where it is 
undesirable to break the frame into the brick jamb. In such cases the sash- 
balance is almost invaluable. For hanging the glass doors of show-cases, 
sash-balances are usually preferable to weights Sash-balances are made in 
both side and top-patterns, but the former are recommended whcreyer there 
is room at the side of the frame for the depth of mortise required. *For win¬ 
dows of the sizes usually found in residences, the depth of the sash-balance 
measured from the face of the pulley-stile will vary from 3 to 4 in; this can be 
provided for usually by cutting a hole, if necessary, in the masonry or studding 
back of the frame. As sash-balances require only a plank frame, the conse¬ 
quent reduction in the cost of the frame offsets the extra cost of the balance. 
In remodeling old buildings which have plank frames without weights, sash- 
balances are found to be a great convenience, since they can easily be inserted 
in the old frames. An advantage which all spring-balances possess is that 
they act most strongly when the sash is down, and so enable one to raise a 
binding window more readily than if it were hung with weignts; while when 
the sash is up the springs barely suffice to hold it in position, and do not offer 
resistance to drawing it down. Of the various sash-balances on the market, 
the Pullman and the Caldwell are extensively used, and are undoubtedly 
reliable. The Pullman Unit sash-balance has been on the market many years 
and has proved satisfactory. These balances are now made with uniform-size 
face-plates for the various weights of sash with which they are to be used, and 
thus make it possible to have all mortises for the balances cut at the mill, as is 
now done for the regular cord-pulleys. The Caldwell sash-balance, both top 
and side-types, is much used by the United States Post Office and Navy 
Departments It is used also by the leading car-builders. The springs are 
made of high-grade cold-rolled tempered-steel wire, a material similar to that 
used for clock-springs The manufacturers guarantee these sash-balances 
for from ten to fifteen years. 

Seating-Space in Churches and Theaters. The minimum spacing for 
pews, back to back, is 30 in. This spacing is fairly comfortabie for occu¬ 
pants, but is a little cramped for persons passing by others into or out of the 
pews. A spacing of 32 in is to be preferred, and if there is abundance of room, 
the spacing may be made 33 in. Anything over 33 in is a waste of room. A 
space of 18 in in the length of the pew is considered a sitting. 

Opera or Theater-Chairs are made 19, 20, 21 and 22 in wide, center to center 
of arms, and in arranging them in rows where the aisles converge, the ends are 
brought to a line on the aisles by using a few chairs that are either narrower or 
wider than the standard width. For churches, a standard width of 20 in is 
the least that is desirable. For theaters, 21 or 22-in chairs are commonly used 
in the parquet, 20 or 21-in in the dress-circle, and 20 and 19-in in balcony and 
gallery, although there is no accepted rule in this respect. On account of the 
seat-lifting, opera or theater-chairs may be comfortably spaced 31 in, back to 
back, and this is the usual spacing in halls and churches In theaters the 
chairs are usually set on steps. In the upper gallery these steps should not be 
more than 30 in wide; in the balcony they are usually made either 30 or 31 in 
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wide, and in the parquet, 31 or 32 in wide. As a rule the higher-priced seats 
are more commodious than the lower-priced. 

Estimating Seating Capacity. The actual seating capacity of theaters and 
audience-rooms can be determined only by drawing the seats to an accurate 
scale, on the floor plan, and then counting the number of chairs, or measuring 
the linear feet of pews. 

Approximate Seating Capacity. For approximate purposes the seating 
capacity or required size of room may be determined by allowing from 7 to 8 
sq ft to each seat, or sitting, when on a curve, and from 6 to 7 sq ft to each sit¬ 
ting when in straight rows, the smaller number being used only for large rooms. 
This allows for aisles and pulpit-platform. For small concert-halls and narrow 
rectangular rooms, 6 sq ft per sitting will usually be sufficient allowance, pro¬ 
vided only that the actual floor-space utilized for seats and aisles is considered. 
A reasonable minimum area per seat, omitting aisles, is about 18 in by 30 in, 
540 sq in or 3.8 sq ft. 


Capacity of Several of the Older Cathedrals, Churches, 
Theaters and Opera-Houses * 


European Cathedrals and Churches 

Estimating that one person occupies an area of 19 7 inches square 

St. Peter’s, Rome. 

Milan Cathedral. 

St. Paul’s, Rome. 

St. Paul’s, London 

St. Petronio’s, Bologna 

Florence Cathedral. 

Antwerp Cathedral. 

St. Sophia’s, Constantinople 
St. John L^teran, Rome . . 

54 000 
37 000 

32 000 

25 600 
24 400 
24 300 
24 000 
23 000 
22 900 

Notre Dame, Paris 

Pisa Cathedral. 

St Stephen’s, Vienna. . . . 

St Dominic’s, Bologna. . . . 
St Peter’s, Bologna. 
Cathedral of Sienna. 

St. Mark’s, Venice 
Spurgeon’s Tabernacle, 
London. 

21 000 

13 000 

12 400 

12 000 

11 400 

11 000 

7 000 

7 000 

European Theaters and Opera-Houses 

Carlo Felice, Genoa 
Opera-House, Munich 
Alexander, Leningrad .. . 
San Carlo, Naples .... 
Imperial, Leningrad 

La Scala, Milan 

Academy of Paris . . 

2 560 

2 370 

2 332 

2 240 

2 160 

2 113 

2 092 

Drury Lane, London. 
Covent Garden, London .. 
Opera House, Berlin. ... 

Adelphi, London. 

Lancaster, London. 

Globe, London. . . 



* The above table of seating capacities of some of the earlier churches and theaters is 
retained for purpose of comparison. So many important structures of these types have 
been erected in recent years in the larger cities of the world, or are now in process of 
erection, that it has been found impossible to make any list that would be and-would 
remain, for any length of time, complete. 
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Seating Capacities of Theaters in Various Cities in the United States * 


Boston, Mass. 

Theater 

Seating 

capacity 

Theater 

Seating 

capacity 

Metropolitan 

4 330 

Boston. 

2 848 

Shubert Boston Opera 

3 944 

Loew’s State ... 

2 700 

Keith’s Memorial. 

3 500 

Grand Opera. 

2 600 

New Palace . . . 

3 500 

Scollay Square . 

2 589 

Loew’s Orpheum.. . . 

3 100 

Keith-Albee 

2 500 

National 

3 ooo 

Columbia 

2 200 

Brooklyn, N Y 

Paramount 

4 126 

King (Loew’s) . 

3 690 

Fox. 

4 0X9 

Metropolitan 

3 618 

Buffalo, N Y 

Auditorium 

12 000 

Lafayette . 

3 400 

Shea’s Buffalo 

4 000 

Buffalo 

3 397 

Great Lakes 

3 400 

Shea’s Century. 

3 200 

Chicago, Ill 

Coliseum 

15 000 

Granada 

4 200 

Chicago. 

5 000 

Paradise . 

4 000 

Marbro. 

5 000 

Sheridan.. 

4 000 

Uptown 

5 000 

Auditorium. 

3 623 

Tivoli 

4 500 

Capitol . 

3 500 

Cleveland, Ohio 

Convention Hall. 

12 800 

Keith’s Palace 

3 500 

Hippodrome 

1 600 

Uptown 

3 200 

State. 

3 596 

Allen 

2 998 

Denver, Col 

Auditorium. 

12 500 

Isis 

1 800 

Denver. 

3 000 

Orpheum 

1 800 

Rivoli. 

2 200 

America . 

1 583 

Empress ... 

2 000 

Tabor Grand 

1 575 

Detroit, Mich 

Olympia.. . ... 

12 000 

Michigan 

4 100 

Fox. 

5 500 

Paramount 

3 448 

Masonic Auditorium 

5 000 

Hollywood . 

3 436 

Kansas City, Mo. 

Auditorium. 

12 000 

Pantages . 

2 800 


4 000 

Mainstreet. 

2 500 




* The data given in this table have been compiled from various sources. Due to their 
constant removal and the erection of new buildings, some theaters here listed have 
now been removed. The capacities of the convention halls at Atlantic City, N. J., 
and Houston, Texas, are 41 000 and 16 000 respectively. 
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Seating Capacities of Theaters in Various Cities in the United States 
(Continued) 


Los Angeles, Cal. 

Theater 

Seating 

capacity 

Theater 

Seating 

capacity 

Outdoor Coliseum 

78 000 

Grauman’s Chinese 

2 500 

Shnne Civic Auditorium 

6 050 

Hillstreet.. . . 

2 500 

Paramount. . 

3 000 

Boulevard 

2 300 

Louisville, Ky 


3 200 

Macauley. 

1 900 

Keith’s National... 

2 400 

Strand.. . 

1 800 

New Orleans, La 

Saenger. 

3 800 

Palace. 

1 800 

Loew’s State . . . 

2 600 

Turlarue 

1 600 

Orpheum.. . 

2 400 

Louisiana . . 

1 500 

New York, N Y 

Madison Square Garden 

17 000 

Manhattan Opera.. 

3 246 

Roxy. 

5 920 

Proctor’s 86th St. . .. 

3 160 

Loew’s Paradise . 

3 840 

Strand. 

2 989 

Academy of Music .... 

3 600 

Bronx Art. 

2 840 

State . 

3 600 

Commodore . . 

2 830 

Paramount. 

3 528 

Bronx Opera. 

2 571 

Metropolitan. 

3 305 

Lexington ... 

2 559 

Philadelphia, Pa 

Convention Hall.. 

14 500 

Stanley... . 

3 100 

Mastbaum. 

4 500 

Academy of Music. 

3 000 

Metropolitan. 

3 482 

State . 

3 000 

Earle. 

3 300 

Uptown. . 

3 000 

Grand Opera. 

3 200 

Fox. 

2 700 

San Francisco, Cal 

Auditorium . . 

10 000 

Granada. 

3 000 

New Fox. 

5 400 

Casino 

2 800 

Fox . . 

4 647 

Keith’s Golden Gate 

2 800 

El Capitan. 

3 000 

Pantages. 

2 800 

St. Louis, Mo 

Arena. ... ... 

18 000 

St. Louis. . 

3'881 

Coliseum. . 

12 000 

Missouri. 

3 558 


5 000 


3 073 





Washington, D. C. 

D. A. R. Auditorium. . . 

4000 

Tivioli. 

2 500 

Fox’s Washington. 

3 433 

Palace... 

2 485 

LoeW*s Palace. . . 

2 700 

Earle . 

2 240 
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Dimensions of Certain Theaters and Opera-Houses 

The following are the dimensions, in feet, of some of the earlier theaters in this 
country and in Europe. 


Name and location 

Auditorium 

Pros¬ 

cenium 

opening 

Stage 

Width 

Depth 

Height 

Width 

Height 

Width 

Depth* 

Height $ 

Alexander, Leningrad . ... 

53 

76 

58 

56 


75 

84 


—, Berlin . 

51 

78 

47 

41 


92 

76 


La Scala, Milan . . . 

71 

95 

64 

49 


86 

78 


San Carlo, Naples.. 

74 

73 

83 

52 


66 

74 


Grand, Bordeaux 

47 

56 

57 

37 


80 

69 


Salle Lepeletier, Paris 

66 

76 

66 

43 


78 

82 


Co vent Garden, London.. 

51 

66 


32 


86 

55 


Drury Lane, London 

56 

64 


32 


48 

80 


Boston, Boston 


71 

58 

46 


87 

68 


Academy of Music, New 









York . . . 

62 

87 


48 


83 

71 


Academy of Music, Phila¬ 









delphia .... 

66 

78 

74 

48 


90 

72 


Globe, Boston . 

60 

65 


30 


62 

38 


Museum, Boston. . . 

68 

61 


31 


68 

46 


Metropolitan Opera-House, 









New York§ . 




54 

50 

100 

73 

88 

The Auditorium, Chicago. . 






110 

70 

05 

Empire, New York . 

69 

66 


34 

34 

67 

30 

65 

Knickerbocker, New York 

70?4 

79 

47*31 

35 

34 

40 

65h 


Fifth Avenue, New York 






80 

35 


American, New York . 

74’ 2 

74 1 2 


30 

39 

77*3 

43H 

73 * 2 ’ 

Hudson, New York 

67 H 

67 


32 

30 

67 h 

30*3 


Grand Opera-House, Cin¬ 









cinnati 

67 

69 


36 

34 

67 

41 


Castle Square, Boston^] . 

795*i 

8553 

7‘>i 

40 

34 

68 

4553 


Gaiety, Boston 

77 

80*3 




60 

4^ 

70 


* From the curtain or bacx hue of proscenium opening, 
t Measured from stage to center of ceiling 
t To the “gridiron” or rigging-loft 
§ As remodeled in 1893. 

f The plan of this theater is in the shape of a horseshoe. 

Notes on Theater-Dimensions.* “ The utmost distance from the front of 
the stage to the rear ought not to exceed 75 ft, or the limit the voice is capable 
of expanding in a lateral direction.” 

“Measured from the curtain-line, the San Carlo Theater in Naples is 73 ft; 
the theater at Bologna, 74 ft. Of the London theaters, the Adelphi is 74 ft, 
Covent Garden 80 ft, the Gaiety 53 ft 6 in, Lancaster 58 ft 4 in, Marylebone 
74 ft and the Globe 47 ft 6 in.” 

* From The Planning and Construction of American Theatres, by Wm. H. Birkmire. 
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The width of the ideal theater, between inside walls, should be from 70 to 
75 ft, and “ the ceiling should be from 55 to 65, or even 70 ft above the stage- 
level.” 

“The depth of the parquet-floor at the orchestra-rail is governed by the 
stage level, and is generally from 3 ft 6 in to 4 ft 3 in below the stage. A depth 
of 3 ft 9 in is a good height, as it Axes the eye of the spectator 5 in above the 
stage-level.” 

“The height of the stage, that is, from the floor to the bottom of the ‘grid¬ 
iron ’ or rigging-loft, should be 2 or 3 ft over twice the height of proscenium- 
opening, in order that the fire-curtain may be raised the full height of the open¬ 
ing.” There should be a height of 7 ft above the gridiron to enable the fly¬ 
men to adjust their ropes with facility. 


ATHLETIC FIELDS AND COURTS 

General. The information concerning the dimensions of athletic fields and 
courts is presented as an aid to architects in designing gymnasiums and play¬ 
ing-fields. All data in this section have been compiled, by permission, from 
various volumes of Spalding’s Athletic Library. 

Baseball. Fig. 1 is a diagram showing the official measurements for laying 
out a baseball field, taken from Official Baseball Rules, adopted by the 
National and American Leagues and the National Association of Professional 
Baseball Leagues. The following excerpts are taken from the Official Base¬ 
ball Rules. 

The Ball Ground. The ball ground must be enclosed.* To obviate the 
necessity for ground rules, the shortest distance from a fence or stand on fair 
territory to the home base should be 235 ft and from home base to the grand¬ 
stand 60 ft. 

To Lay off the Field.f To lay off the lines defining the location of the 
several bases, the catcher’s and the pitcher’s position and to establish the 
boundaries required in playing the game of baseball, proceed as follows: 

Diamond or Infield. J From a point, A, within the grounds, project a 
straight line out into the field, and at a point, B, 124 ft from point A, lay off 
lines BC and BD at right-angles to the line AB; then, with B as a center and 
63.63945 ft as a radius, describe arcs cutting the lines BA at F and BC at G, 
BD at II and BE at I. Draw lines FG, GI, III , and HF , each 90 ft in length, 
which said lines shall be the containing lines of the diamond or infield. See 
Fig. 1. 

Football. Fig. 2 is a diagram of the field of play as recommended by the 
Football Rules Committee. This committee is appointed by the National 
Collegiate Athletic Association. 

Soccer Football. The following excerpts are taken from Laws of the Game, 
as promulgated by the National Collegiate Athletic Association, and as 
adopted by the Intercollegiate Soccer Football Association of America. 

Dimensions of the Field. See Fig. 3. The dimensions of the field of play 
shall be: maximum length, 120 yd; maximum breadth,' 75 yd; minimum 

* Enclosure applies to professional leagues. 

t For further detailed information concerning the laying out of a baseball field see 
Official Baseball Rules. 

t If it is possible to do so, have the home plate due north and the pitcher’s plate due 
south. 




Measurements for Laying Oul a Baseball Field 


The center of the field of play shall be indicated by a suitable mark, and a 
circle with a 10-yd radius shall be made around it. The goals shall be upright 
posts, fixed on the goal lines, equidistant from the corner flag-staffs, 8 yd 
apart, with a bar across them 8 ft from the ground. The maximum width 
of the goal-posts and the maximum depth of the cross-bar shall be 5 in. Each 
goal shall be orovided with regulation goal-nets. Lines shall be marked 6 yd 
from each goal-post at right-angles to the goal-lines for a distance of 6 yd, and 
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Fig 4 Diagram of a Lacrosse F'ield 


Outer lines should be marked in white. A barrier fence to retain the ball should, if 
possible, be located a short distance beyond the boundary lines. Dimensions shown 
are minimum; for maximum, see text. 
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these shall be cornected with each other by a line parallel to the goal-lines: 
the space within these lines shall be the goal area. Lines shall be marked 18 
yd from each goal-post at right-angles to the goal-lines for a distance of 18 yd, 
and these shall be connected with each other by a line parallel to the goal¬ 
lines; the spice within these lines shall be the penalty area. A suitable mark 
shall be ma le opposite the center of each goal, 12 yd from the goal-line; this 
shall be the penalty-kick mark. 

Lacrosse. See Fig. 4. The following excerpt is taken from Lacrosse 
Rules, approved by the Executive Committee of the United States Intercolle¬ 
giate Lacrosse Association. Each goal shall consist of two poles 6 ft apart, 
and 6 ft high out of the ground, joined by a rigid top cross-bar. The poles 
must be fitted with a pyramid-shaped cord netting (as shown in sketch) of 
not more than lJ/£-in mesh, which pyramid shall extend and be fastened to a 
stake in the ground at a point 7 ft back of the center of the goal, and the said 
ndtting shall be so made as to prevent the passage of the ball put through 
the goal from the front, and the bottom of the netting must be held close to 
the ground with tent-pegs or staples. The goals shall be placed 110 yd from 
each other, with from 20 to 35 yd of clear playing space behind each goal. In 
matches, they must be furnished by the home club. The width of the field 
shall be at least 70 yd and not more than 85 yd. The boundaries of the field 
shall be marked with white lines, and a white line shall be drawn through the 
center of the field perpendicular to the side-lines. 

Field Hockey. See Fig. 5. The instructions given here for laying out a 
field for field hockey are taken from Learning to Play Field Hockey, Spald¬ 
ing’s Athletic Library. The ground should be 100 yd long, and not more than 
60 yd, and not less than 55 yd wide. Where possible, always have the ground 
60 yd wide. In marking out, note that flag-posts are to be placed at each 
corner , on the junction of the goal and the side-lines. In other cases they are 
to be one yard outside the touch-line. The 25-yd line must not be fully drawn, 
but only its extremities (7 yd only to be marked at each end). It is advisable 
to mark with short lines 3 yd either side of each corner flag, and also 5 yd and 
10 yd from each goal-post. The 3-yd marks are where corners are hit from 
on either side of the flag-post, which may be moved if it impedes the player. 
The 10-yd marks are the nearest point to the goal-posts from which a penalty 
corner may be hit. The 5-yd marks are to show the defenders their distance 
from the strikers of a penalty corner, for no player may stand within 5 yd 
of it. The 5-yd line, extending the full length of the ground parallel to the 
touch-line, can be marked either all the way or at intervals of a yard or so. 
At the roll-in from touch no player may be within this line and the touch-line. 

Ice Hockey. See Fig. 6. Instructions given here are taken from Official 
Ice Hockey Rules, as recommended by the Rules Committee of the National 
Collegiate Athletic Association. The rink, or playing surface, should be a 
clear field of ice at least 160 by 60 ft and not greater than 250 by 110 ft. A 
size of 190 by 85 ft, with rounded corners of 15-ft radius, is recommended. 

Lawn Tennis. See Fig. 7. 

Basket-Ball. See Fig 8. The dimensions given here are taken from Official 
Basket-Ball Rules, as adopted by the Joint Basket-Ball Rules Committee. 
The playing court shall be a rectangular surface free from obstructions and 
shall have maximum dimensions of 94 ft in length by 50 ft in width and mini¬ 
mum dimensions of 60 ft in length by 35 ft in width. The following dimen- 
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sions are considered ideal for teams whose players are of the age indicated 
for each group: 

Elementary-school age.40 by 60 ft 

High-school age. .48 by 75 ft 

College age. 48 by 84 ft 



These are the dimensions for the playing court only. In planning gymna¬ 
siums at least 10 additional feet should be provided on each side and each 
end. 


Diagram of a Field for Field Hockey 







Players’ j 1 Boxes 


Ice Hockey Rink 
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Fig. 6 . Diagram of a Rink for Ice Hockey 
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Backboard? must be provided, the dimensions of which shall be 6 ft hori¬ 
zontally and 4 ft vertically. These backboards shall be made of plate glass or 
wood, or of any other material that is flat and rigid. The faces of the back- 
boards shill be painted white. The backboards shall be located in a position 
at each end at right-angles to the floor, parallel to the end lines, and with their 
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The Doubles Court 

The service side lines should extend to the 
service lines only. The dot-and-dash lines 
show how the service side lines would be ex¬ 
tended to the base lines in a court marked for 
both the singles and doubles game. 

Diagram of Lawn Tennis Courts 


The Singles Court 
The above diagram shows a court 
which is marked for the singles game 
only. The adjoining diagram shows 
how a court may be marked for both 
singles and doubles. 

Fig. 7. 


lower edges 9 ft above the floor. Their centers shall lie in the perpendiculars 
erected at the points in the court 2 ft from the midpoints of the end-lines. The 
faces of the backboards shall be IS ft from the far edges of the free throw lines. 

The ring, 18 in inside diameter, shall be rigidly attached to the backboard; 
it shall lie in a horizontal plane 10 ft above the floor and shall be equidistant 
from the two vertical edges of the backboard. The nearest point of the 
inside edge of the ring shall be 6 in from the face of the backboard. 
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Women’s Basket-Ball. See Fig. 9. The following dimensions are taken 
from The Official Basket-Ball Guide for Women, Spalding’s Athletic Library. 
Maximum court, 100 ft by 50 ft; use three divisions. Minimum court, 50 ft 



Fig. 8. Diagram of a Basket-Ball Court 

For dimensions of ideal-sized courts, see text. A minimum distance of 3 ft., free of all 
obstructions, should be allowed outside of boundary lines, as indicated by dotted lines. 

by 25 ft; use two divisions. Regulation-size court, 90 ft by 45 ft for college 
players; 70 ft by 35 ft for high-school players; use three divisions. The face 
of the backboard should be 2 ft from the end-wall; but on short courts, when 
the backboard is placed against the wall, there shall be an end-line, the inner 
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by standing with backs toward the goal that is being defended and facing 
the goal that is being attacked. 

Volley-Ball. See Fig. 10. The diagram and dimensions here given are 
taken from Official Volley-Ball Rules adopted by the National Amateur 
Athletic Federation. The playing surface shall be a rectangular court 60 ft 
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long and 30 ft wide, including outer edge of lines, free from obstructions and 
having a height of 15 ft or more which is free from apparatus or other obstruc¬ 



ts* vtog .Arm 

Fig. 10. Diagram of a Volley-Ball Court 


tions or projections. The size of the court may be modified for either indoor 
or outdoor informal games, to accommodate larger or smaller groups to suit 
local requirements. The court shall be bounded by well-defined lines 2 In 



2084 


Athletic Fields and Courts 


[Part 3 


in width, which shall be at every point at least 3 ft from walls or any obstruc¬ 
tions. The lines on the short sides of the court shall be termed the end-lines; 
those on the long sides the side-lines. A center-line, 2 in in width, shall be 
drawn on the court immediately beneath and parallel to the net. 

American Handball. See Fig. 11. 

Four-Wall Handball. See Fig. 12. These dimensions are taken from 
Official Four-Wall Handball Rules of the Amateur Athletic Union of the 
United States. Standard courts shall have four walls and a ceiling, shall be 
22 ft in width, 46 ft in length and 22 ft in height. 

The building and use of standard courts is advised, but championships may 
be held on courts of other sizes as approved by the Handball Committee. 



Fig. 11. Diagram of an American Handball Court 

Squash Rackets. The following data have been obtained from A. G. 
Spalding & Bros. The size of the court shall approximate as closely as possible 
18 ft 6 in by 32 ft. The service-line on the front wall shall be 6 ft from the floor; 
the telltale shall be 17 in from the floor and maybe made of sheet metal protrud¬ 
ing 1in from the wall. The line on the back playing wall shall be 6 ft 6 in 
from the floor, and a strip of wire netting shall be stretched above this line 
several inches from the floor. The service-court line shall be 9 ft 10 iir from 
the back wall, and the service box shall be 4 ft 6 in in radius, in the shape of an 
arc of a circle. Halfway from the two side-walls a line shall be drawn from 
the service-court line to the back-wall, dividing the two service-courts; the 
general color of the court shall be white. The over-all height of the court 
shall be from 14 to 22 ft to allow for light. There is no regulation side-wall 
height, therefore no side-wall line. 

WrestUng. See Fig. 13. The following excerpt is taken from National Colle¬ 
giate Athletic Association Wrestling Rules. The area of the mat shall not be 
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less than 20 ft by 20 ft, and this dimension shall be considered the standard 
size, when ropes are used. When ropes are not used a 24 by 24-ft mat shall be 
considered standard. Whenever possible it is recommended that a “roped- 
in ; ’ area be used in accordance with the following specifications. Three 1-in 
ropes shall be tightly stretched 2 ft, 3 ft and 4 ft, respectively, above the mat. 
These ropes shall extend in from four supporting posts, which shall be placed 
at least 18 in back from the corners of the ring. Cotton ropes are recom- 


Front Wall 



Baok Wall 


Fig. 12. Diagram of an Official Four-Wall Championship Handball Court 

mended, but if manila or sisal ropes are used they must be wrapped with 
bunting or other soft material to avoid “ rope burns.” To prevent the spread¬ 
ing of ropes during bouts, they shall be securely fastened together by twelve 
vertical %-in ropes, three of which shall be placed equidistant on each side 
of the ring. 

Boxing. The following requirements for equipment are taken from the 
National Boxing Association Rules. 

Ring to be not less than 18 nor more than 20 ft. square * within the ropes, 
the ring floor to extend beyond the ropes a distance of not less than 18 in. 

• The Amateur Athletic Union Boxing Rules call for a ring "not less than 16 ft nor 
more than 20 ft square . . . The floor of the ring shall extend beyond the lower rope for 
a distance of not less than 2 ft.” 
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The ring posts shall be not nearer to the ring ropes than 18 in. The ring 
floor shall be padded with felt, matting or other soft material to a thickness 
of not less than 1in extending over edge of ring platform with a top covering 
of canvas, duck or similar material tightly stretched and laced to ring plat¬ 
form. Material that tends to gather in lumps must not be used. 



Wrestling Mat 


In Cotton Rope 4.Ft from Floor 
e 1 In Cotton Rope 3 Ft from Elooi 
l In Cotton Rope 3 Ft from E 
Turnbuokie 

jGyjrmaeiumnmata 
Floor-plate 



6 Ft Steel Rods, 

In Diameter, with 



Height of Ring shall be not more than 4 ft above the floor of the building, 
and shall be provided with suitable steps for the use of the contestants. Ring 
posts shall be made of metal not more than 3 in in diameter, extending from 
floor of building to height of 58 in above ring floor. 

Ring Ropes shall be three in number, not less than 1 in in diameter; the 
lower rope 18 in, the second rope 35 in, and the third rope 52 in above the floor. 
Ropes shall be wrapped in soft material. 

Roque. See Fig. 14. 
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Fig. 14. Diagram of a Roque Court 
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Badminton. See Fig. t5. 




Doubles Courts Singles Court 

Fig. 15. Diagram of Badminton Courts 


The posts shall, if practicable, be placed on the Side Boundary Lines, otherwise at 
any distance not exceeding 2 ft outside the said lines. On the Singles Court the Back 
Boundary Lines become the Long Service Lines. 


MAIL-CHUTES 

General Description. This system of mailing letters by means of a specially 
constructed chute connected with the receiving-box at the bottom, has come 
into such general use in public buildings, office-buildings, apartment-houses 
and hotels, that the restrictions affecting the same and what is required in the 
way of preparation should be known to architects. The system is installed by 
the patentees, under regulations of the Post-Office Department governing its 
construction and location, and for this reason it is well to consult the makers * 
before permanently locating the apparatus on the plans. It may be placed in 
any building of more than one story, used by the public, where there is a free 
delivery and collection-service, in the discretion of the local postmaster; sub¬ 
ject to whose approval the contracts are made. 

The Chute and Receiving-Box. The chute is required to be made with a 
removable front and a continuous, rigid, vertical support is absolutely neces¬ 
sary. It must be of metal, its front must be of plate glass, and it must bear 
the insignia prescribed by the department; and the whole apparatus, when 
erected and the Government lock put on the box, passes under the exclusive 

* The Cutler Mail Chute Company, Rochester, N. Y. 
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care and control of the Post-Office Department, and the chutes become a part 
of the receiving-boxes. These boxes may be of various patterns and highly 
ornamental and are furnished by the makers in connection with the chutes. 
The work of preparing a rigid support for the chute and cutting and finishing 
the openings in the floors is of the utmost importance, and details showing the 
usual arrangements are always given. 

Preparatory Work. The requirements for what the manufacturers call 
preparatory work include a flat, vertical, continuous surface not less than 
10H in wide, extending from the floor of the ground-story to a point 4 ft 6 in 
above the finished floor in the top story, and an opening in each floor directly 
\n front of and centered upon this surface. These openings are neatly finished, 
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and their size and shape determined by setting in them thimbles of iron which 
are furnished and delivered by the patentees as part of their contract. In 
ordinary installations a casing of wood, suitably molded and finished to match 
the trim of the building, answers every purpose. Such a casing is shown in 
plan, Fig. 1, with the opening finished by the iron thimble. In buildings, or 
sometimes in a few stories, where a more elaborate finish is desired, marble is 
substituted for wood, the form and construction of the casing being adapted to 
the material, but of course without disturbing the size and form of the front 
surface. Steel angles are used where the use of wood is objected to, or where 
it is necessary to run the chute in front of an elevator-screen, or in other loca¬ 
tions where a solid wall is not available to support the casing. Steel square- 
root angles, 2 by 2 by in in section, are generally used, and set as in Fig. 2, 
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but sometimes, where it is desirable to fill up the space between them and the 
elevator-screen, they are reversed, as in Fig. 3. The angles are usually 
bolted to the beams, and in any case must be straightened so that they are 
without twists or kinks, and the surface which receives the mail-chute 
plumb and flush in all stories. Fig. 4 gives a general view of the mail-chute 
casings and floor-openings ready to receive the chutes themselves. This work 
of preparing the building, except the cutting or leaving ready the necessary 
openings in the floors, is now usually included in the mail-chute contract, as it 
has been found for many reasons undesirable to separate it. The necessary 
openings in floors, and all patching around such openings, should be included 
in the masons or other proper specifications. 

Essential Points to be remembered are (1) that no bends or offsets can be 
made, a vertical fall being absolutely essential, and (2) that the entire apparatus 
must be exposed to view and must be accessible, that is, it is not permitted to 
extend the work behind an elevator-screen or partition or through any part of 
the building except a public corridor. 


REFRIGERATORS * 

General Requirements. The following information is given as a guide to 
architects in providing for refrigerators in large residences, hotels, clubs, hos¬ 
pitals and other institutions. Consultation with a reliable refrigerator- 
builder, however, is always desirable before deciding upon spaces to be occu¬ 
pied by refrigerators, refrigerating-rooms, etc., as a satisfactory refrigerator 
cannot be adapted to a badly proportioned space. 

Residence-Refrigerators. Care should be taken to select a refrigerator 
which is simple in operation and easily cleansed, as modern sanitary science 
has traced much illness to faulty refrigeration. Thorough insulation is an 
important feature in a refrigerator, as upon this depends economy in the use 
of ice and the securing and maintaining of the low temperature necessary to 
the proper preservation of food. Fig. 1 shows a kitchen-refrigerator for use of 
families of ordinary size. The ice-compartment is located in the middle 
division. The depth should not be more than 3 ft nor less than 2 ft, and the 
height may vary from 4 ft 6 in to 7 ft. The length of the front largely deter¬ 
mines the capacity and should range from about 4 to 7 ft Fig. 1 shows, also, 
a most satisfactory method of accomplishing the outside-icing feature which 
consists of a double outside icing-door complete, with frame and jamb. This 
is provided by the refrigerator-builder to fit the rough opening furnished by 
the owner in the outside wall of the building. With this method a minimum 
outside opening is required to furnish a maximum inside opening for ice. The 
drain-pipes should be as short and straight as possible and should be readily 
detachable for cleansing purposes. The drain should be properly trapped in 
the floor of the refrigerator and carried through the floor of the building, dis¬ 
charging over the plumber’s open connection as shown in the elevati'on of 
Fig. 1. 

Fig. 2 shows a refrigerator for use in a butler’s pantry where economy of 
space is important. The ice-compartment is of galvanized steel throughout 

* Valuable data and the drawings relating to this subject were furnished the author and 
editor by The Jewett Refrigerator Company, Buffalo, N. Y. Practical data were fur¬ 
nished, also, by The Brunswick-Balke-Collender Company, New York City. There are 
numerous other reliable firms whose refrigerator-work has the highest reputation. 
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and is removable for convenience in filling as it slides on roller-bearing run¬ 
ways. When the ice-compartment is replaced in position the outside door 
closes over it. The adjoining storage-compartment is generally fitted with 
one removable shelf, below which is a bottle-rack for horizontally placed bot¬ 
tles and a space for standing bottles. The depth should be about 2 ft and the 
height 2 ft 8 in, under counter-top. The length of the front determines the 
capacity, but it should never be less than 3 ft. For a double refrigerator 
with a central ice-compartment and storage-compartments at either side, 5 ft 
is a convenient length. The exterior finish and hardware should correspond 



with the adjacent trim. The most sanitary and attractive interior finish for 
storage-compartments consists of white plate glass for the walls and ceilings 
and tile for the flooring. The usual complement of refrigerators for use in 
ordinary families consists of one adjacent to the kitchen and one in the butler’s 
pantry. For large families the number could be the same with the capacity 
greater. 

Refrigerators for Hotels, Clubs, Etc. Mechanical refrigeration has 
largely superseded ice as a cooling-agent where the refrigerator-equipment 

* The Jewett Refrigerator Company 
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consists of several units, as in hotels, clubs and institutions. (See, also, 
Mechanical Refrigeration.) The arrangement of refrigerators is similar to that 
employed where ice is used, as the refrigerating-coils are often contained in 


compartments corresponding to ice- 
compartments; the alternative meth¬ 
od is to place the coils against walls 
of storage-compartments. Refrigera¬ 
ting-coils are generally of lj^-in pipe, 
the length of coil depending upon the 
temperature required. Fig. 3 shows 
a practical layout for the working- 
department of a good-sized club, and 
illustrates the proper complement of 
mechanically cooled refrigerators, 
together with adjacent operating- 
equipment. No. 1, a storeroom 
refrigerator, has the front arranged 
in one full-height door and is fitted 
with three tiers of shelves through¬ 
out. No. 2, a meat-refrigerator, is 
also accessible through a full-height 
door and is fitted with shelves and 
meat-racks. No. 3, a broiler and 



ELEVATION 


fish-refrigerator, has the front ar¬ 
ranged in two doors, each door open¬ 
ing onto a series of six galvanized 
sheet-steel pans sliding on self- 
sustaining roller-bearing runways. 
No. 4, a serving-pantry refrigerator, 
is subdivided by an insulated parti¬ 
tion into three separate and distinct 
compartments, those at the left and 
right being each accessible through 
two doors, while the m ddle com¬ 
partment is accessible through one 
door, below which is a series of four 
drawers sliding on self-sustaining 
roller-bearing runways. The doors 
open onto removable shelves through¬ 
out. No. 5, an ice-cream refriger¬ 
ator, occupies a position in the serv¬ 
ing-pantry counter and has the top 
arranged in one lift-off cover. Its 
interior fittings consist of three 20- 
quart porcelain-lined ice-cream jars 
and one glac6-frame for fancy forms 
of ice-cream. No. 6, a pastry-refrig¬ 
erator, has the front arranged in 



four doors, two upper doors opening Fig 4 . Mortuary-refrigerator 

onto removable shelving, and two 


lower doors onto pastry-pans sliding on angle-iron runways. No. 7, a bar* 
'’efrigerator, is subdivided by an insulated partition into two separate and 


* The Tewett Refrigerator Company. 
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distinct compartments, each accessible through four doors. The upper 
doors open onto three tiers of removable shelves for standing bottles, while 
the lower doors open onto five tiers of rack^ arranged specially for horizontal 
bottles. The equipment described above will also satisfactorily cover the 
requirements of a moderate-sized hotel. 

Refrigerators for Hospitals. The usual complement of refrigerators for 
small hospitals consists of one large storage-refrigerator, one refrigerator for 
the chef’s use in or near the kitchen, one for milk and butter and one iron-lined 
chest for broken ice. For large hospitals the same number with increased 
capacity and with the addition of small diet-kitchen refrigerators, and possibly 
a mortuary-refrigerator for two or three bodies, will meet the requirements. 

The Height of Large Refrigerators for hotels, clubs and institutions, to be 
entered through full-height doors, should be from 10 to 12 ft, if equipped with 
overhead ice or coil compartments; with side ice-compartments or coils placed 
against walls, the height should be 7 ft 6 in or 8 ft. The smaller refrigerators, 
accessible through half-height doors, hinged covers, drawers, etc., should be 
placed on a 3-in sanitary cement platform finished with cove to floor of build¬ 
ing. These refrigerators should not be higher than 6 ft 6 in unless provided 
with overhead ice or coil-compartments, in which case the height should be 
from 8 to 9 ft. 

Insulation. (See, also, The Value of Good Insulation.) Refrigerators in 
modern hotels, clubs, institutions, etc., are insulated with Government- 
standard corkboard, the large refrigerators being constructed of 4-in cork 
throughout, in two courses of 2 in thickness, and with all joints broken. Cork 
is applied to adjacent walls of a building with Portland cement, % in thick, 
and this cement is used, also, in applying the inner course of cork to the outer 
course in walls, partitions and ceilings. Sometimes asphaltum, in thick, 
is used instead of cement. All cork in the flooring is asphalted water-tight. 
Interior finish may be of Portland cement throughout or of galvanized sheets 
on walls and ceilings and of Portland cement on floors. Or the walls and ceil¬ 
ings may be of fused-on porcelain or white plate glass, and the floors of tile, all 
depending upon the grade and character of the building to be equipped. The 
insulation of smaller refrigerators consists of (1) an exterior course of J^-in 
tongued and grooved lumber, (2) two courses of water-proof insulating-paper 
and (3) a 3-in thickness of sheet cork in two lj^-in courses, all joints being 
broken. To this insulation is applied the interior lining. 

Mortuary-Refrigerators. Mortuary-refrigerators should be cooled by 
mechanical refrigeration, the coils being placed longitudinally on both sides of 
the mortuary-trays. Fig. 4 illustrates a mortuary-refrigerator for three bodies. 
This may be used as a unit in designing mortuary-refrigerators of larger 
capacity, or the height may be reduced to 5 ft and the bodies placed in two 
instead of three horizontal tiers. Mortuary-refrigerators sometimes have 
both fronts finished and equipped with doors so that bodies are accessible for 
identification or examination from both fronts. 
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RECOMMENDATIONS FOR CONSTRUCTION OF 
COOLING ROOMS AND LARGE REFRIGERATORS * 

Definitions. Refrigerator. The term refrigerator shall apply to any 
portable refrigerator of the reach-in or service type, built either set-up or 
sectional. 

Cooling-Room. A walk-in refrigerator of portable, sectional construction 
shall be known as a cooling-room. 

Cold-Storage Room. The terra cold-storage room shall apply to any 
refrigerator of the built-in type, i.e., built of cement and cork or other insula¬ 
tion material direct to one or more building walls. 

Bunker. The space arranged to receive the cooling coils or mechanical 
equipment shall be known as the bunker. 

Coil Deck. The term coil deck shall apply to the arrangement directly 
below the cooling coils or other refrigerating equipment to catch the drip 
from the same. 

Drain-Trough. The arrangement along the lower edge of the coil deck to 
prevent the water from dripping into the storage compartment shall be known 
as the drain-trough. 

Baffle. The term baffle shall apply to the vertical partition separating 
the warm air duct from the coil space. 

Cold-Air Duct. The space through which the cold air descends from the 
bunker to the storage compartment shall be known as the cold-air duct. 

Warm-Air Duct. The space through which the warmer air ascends from 
the storage space to the bunker shall be known as the warm-air duct. 

Bunker Door. The door provided to allow placing of, or access to, the coils 
in the bunker shall be known as the bunker door. 

The following are considered standard sizes for cooling-rooms, the first 
dimension being the length and the second the depth. The standard height 
of the sizes is approximately 9 ft 10 in. 

7' 0 " x 5' 0" 8' 0" x 8' 0" 10' 0" X 8' 0" 

8' 0" X 6' 0" 9' 0" X 7' 0" 12' 0" X 10' 0" 


When the height of a cooling-room is referred to as 10 ft it may be actually 
only 9 ft 10 in high over all measured on the body of the room in order that it 
may be used in a room with a 10-ft ceiling. 

Specifications. 1. A grade “A” refrigerator or cooling room is one wherein 
the structural details and insulation shall be such that over years of service 
the loss of refrigeration through the walls shall not exceed 3 Btu per sq ft of 
outside area, per degree difference per 24 hours. 

2. The entire upper section of the refrigerator or cooling-room should be 
devoted to bunker space. 

3. The coil decks should be constructed with supports of sufficient structural 
strength to carry the weight of the cooling coils of refrigerating equipment 
placed above them, or instead proper supports should be placed above the 
deck so that coils may be suspended from same by hangers provided as part 

* Prepared by the Joint Commercial Refrigeration Committee of the Refrigerating 
Machinery Association and Commercial Refrigerator Manufacturers. 
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of the coil equipment. The overhead supports for the coils should be secured 
to the wall framing and should in no way be fastened to the top or ceiling of 
the refrigerator. 

4. The coil deck should pitch toward the cold-air duct sufficiently to create 
drainage and provide proper circulation. 

5. With cooling-rooms up to and including 8 ft 0 in wide outside and across 
the decks, a single deck shall be deemed sufficient, with the warm-air duct 
along one side and the cold-air duct along the opposite side. 

6. Cooling rooms over 8 ft 0 in wide outside and across the decks shall have 
a deck on each side pitched toward the cold-air duct with the warm-air duct 
opposite the cold-air duct. 

7. The baffle forming the warm-air duct should be stopped at a distance 
from the ceiling equal to the width of the warm-air duct. 

8. Cold and warm-air ducts should extend the full length of the cooling- 
room, and both baffle and deck should touch the end walls. 

9. Minimum height between the deck and ceiling of the cooling-room 
should be 27 in in rooms 10 ft 0 in high and other height rooms in proportion. 

10. The coil decks shall be constructed and provided with approved insu¬ 
lation so as to have a heat transmission not exceeding 5 Btu per sq ft, per 
degree difference each 24 hours. 

11. The baffles shall be constructed and insulated so as to have a heat- 
transmission not to exceed 7.4 Btu per sq ft, per degree difference. 

12. The top of the coil deck and inside of the baffle shall be covered with 
some form of rust-resisting metal. 

13. The bunker door should be placed as near as practical in the center of 
one end of the bunker. 

14. Bunker doors shall be at least 2 in higher than the height of the baffle 
and shall have a minimum width of 2 7 in. The minimum height of the bunker 
or coil door in rooms 9 ft up to and including 11 ft in height should be 23 in in 
the clear. In rooms over 11 ft high the doors should have a minimum height 
in the clear of 36 in. The heights specified give the measurement of the 
necessary unobstructed opening. 

15. If wedge strips are used on top of the deck for supporting the coils or 
cooling equipment, they shall be level on top and not less than 2 in high at the 
low point of the wedge or high point of the deck and higher if possible; such 
wedge strips should also be notched at the lower end so that they will prop¬ 
erly clear the drain-trough and offer no obstruction to the flow of drainage 
therein. 

16. There should be at least 6 in clear space between the baffle and the 
coils, congealing tanks or tubes, and there should be at least 4 in clear space 
horizontally between the nearest edge of the cold air duct and these parts of 
the equipment. Supports for such parts should be arranged so that there 
will be at least 6 in clearance between their lowest edge and the highest point 
of the deck. 

17. Wherever it is necessary to carry cold pipes through the walls of cooling 
rooms or refrigerators, the pipe insulation should be carried 1 in inside the 
cooling-rooms or refrigerator. These openings should be sealed air-tight with 
a water-proof, odorless sealer inside and outside. 

18. Cold pipes should not run through or across warm-air ducts unless it 
is absolutely necessary. In the event that it is necessary to do so the pipe 
should be thoroughly insulated or provided with drip troughs to carry the 
drippage from them to the bunker deck. Cold pipes should not be run 
through the food compartments unless absolutely necessary. When neces¬ 
sary to do so the pipes should be thoroughly insulated unless their location 



Mechanical Refrigeration 2007 

is such that proper drip-troughs can be provided to prevent the drippage to 
the floor or on the produce stored. 

19. Wherever cold pipes run through or across cold-air ducts, they should 
either be well insulated or drip-pans provided to catch the drippings and carry 
same to the bunker deck. 

20. In no case should any pipe be so located as to interfere with the free cir¬ 
culation of air through both the warm and cold-air ducts. In no event should 
pipes of any kind be run horizontally in either warm-air or cold-air ducts. 

21. Pipes that will frost or sweat should not pass through the floor of cool¬ 
ing rooms. If this cannot be avoided, the pipes should then be well insulated 
not only where they pass through the floor but to the point where they come 
out to the open below the floor so that frost or moisture may not be permitted 
to collect between the room-floor and building-floors or foundations. Where 
pipes pass through floors, there should be flashing extending at least 2 in above 
the floor sealed water-tight to the covering and the cooling-room floor. 

MECHANICAL REFRIGERATION * 

A Brief Description of Methods in Common Use for Producing and 
Applying Refrigeration, with Special Reference to Small Plants 

A British Thermal Unit (Btu) is the quantity of hejt required to raise 
the temperature of 1 lb of water 1° F. Heat used in this way, that is, to raise 
the temperature of water or other substance, is said to be present in that sub¬ 
stance as sensible heat, or, in other words, heat, the presence of which we can 
feel, or sense. 

The Heat of Liquefaction, or so-called latent heat of liquefaction 
of a mass of ice, is the amount of heat it will absorb in melting. One pound of 
ice at 32° F. will absorb 144 Btu in melting to water at 32° F. Heat coming 
into a cake of ice is thus absorbed in melting the ice and becomes what is 
known as latent heat, or heat absorbed without any rise in temperature. If 
the ice is at a lower temperature than 32° F., or if the water resulting from the 
melting rises above 32° J'\, additional heat will be absorbed as sensible heat. 

The Specific Heat of a substance is the ratio of the quantity of heat required 
to raise the temperature of a certain weight of the substance one degree to 
that required to raise the same weight of water from 62° to 63° F. 

The Heat of Vaporization of water or of any other liquid is the amount of 
heat it will absorb in vaporizing, in evaporating from a liquid to a gas, or will 
give out in returning from the gaseous to the liquid state. 

Transfer of Heat occurs in three ways: (1) by convection, (2) by radiation 
and (3) by conduction. For instance, if particles of air in a refrigerator 
adjacent to a source of heat become warmed they circulate and distribute the 
heat by convection through the refrigerator-box. Heat will pass from a 
warm substance, as from the filament of an incandescent lamp, out into the 
box by radiation. Heat will enter the box through the walls by conduc¬ 
tion. 

Heat-Transmission. When the temperatures on opposite sides of any sur¬ 
face, as for instance, a wall, are unequal, heat will pass by conduction through 
the material from the warmer to the cooler side. The rate of this movement 
is the rate or heat-transmission and is stated in terms of the quantity of 

* Compiled and adapted, by permission, from data included in a paper by R. F. Massa 
See, also, Refrigerators. 
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heat (called Btu) which will pass through 1 sq ft of surface in 24 hours, per 
degree temperature-difference between the two sides of the wall. 

Some Advantages Claimed for Mechanical Refrigeration. 

(1) Lower temperatures can be obtained with refrigerating-machines than 

with ice. 

(2) The inconvenience of handling ice is avoided. 

(3) There is no accumulation of slime in the refrigerators as from the 

melting of even the best ice. 

(4) Refrigerators cooled mechanically are dryer than ice-cooled boxes 

because the moisture is frozen out of the air and deposited on the 

cooling surfaces. 

(5) There is generally a better air-circulation, resulting in a more uniform 

temperature and dryer atmosphere throughout the compartment. 

(6) With proper design of refrigerator and refrigerating-machine any 

desired temperature can be obtained. 

(7) Refrigeration produced mechanically is often cheaper than refrigera¬ 

tion produced by melting ice. 

Operation of Refrigerating-Machines. In almost all methods of producing 
cold, advantage is taken of the fact that when a liquid evaporates it usually 
cools both itself and its surroundings, and changes into a gas or vapor. There 
are several liquids which are easily made to evaporate and produce this cooling 
effect, and, were it not for their cost, refrigeration could be very simply pro¬ 
duced by supplying a steady stream of the liquid and allowing the vapor or gas 
evaporated to escape into the atmosphere. A refrigerating-machine is prac¬ 
tically an apparatus for saving this gas which has evaporated and returning it 
to its liquid form to be used over again. In this process of recovery and con¬ 
densation the gas gives out the heat which it has previously absorbed in 
evaporating This heat is carried away by flowing water, which, in absorbing 
the heat, rises in temperature. 

Types of Refrigerating-Machines. In the (1) compression-type of re¬ 
frigerating-machines the recovery of the gas is effected by drawing it away 
from the point where it has been evaporated and pumping it under increased 
pressure into a chamber where it gives out its heat to the water-cooled walls of 
the chamber and returns to the liquid state ready to be used over again. In 
the (2) absorption-type of refrigerating-machines ammonia is generally used 
and the recovery of the gas is effected by bringing it into contact with water 
with which it unites chemically. The solution thus formed is pumped into 
another chamber, and heat is applied to drive off the ammonia-gas which is 
then condensed under high pressure. It is now ready to be rcevaporated and 
reproduce its cooling effect. In all cases of large units, and in all cases of either 
large or small units where exhaust-steam is available in sufficient quantities, 
absorption refrigerating-machines are very economical. 

Liquids Used in Refrigerating-Machines. A number of liquids have been 
used in refrigerating-machines, the ones commonly employed being (1) am¬ 
monia, (2) carbon dioxide and (3) sulphur dioxide. Various practical 
considerations determine which is to be used in any particular design of 
machine. With (1) ammonia the advantage is the lower working pressures, 
from 15 to 200 lb per sq in, which are easy to deal with. An advantage over 
carbon dioxide is that leaks are very easily located Ammonia-fumes, how¬ 
ever, are offensive and sometimes dangerous in case of a break. With (2) 
carbon dioxide the advantage is in its inoffensive odor Its disadvantages 



Mechanical Refrigeration 


2099 


are the high pressure at which it works, from 300 to 1 200 lb per sq in, the 
relative difficulty of holding these pressures and of finding small leaks, owing 
to its slight odor and chemical inactivity. With (3) sulphur dioxide the 
advantage is its comparatively low working pressure, which is not above 75 lb 
per sq in. Its great disadvantage is that with moisture it forms an acid which 
rapidly corrodes the apparatus. At one time this disadvantage was fatal, 
since with the old-type machines, air and moisture were constantly being 
drawn into the system more or less rapidly and mixed with the sulphur dioxide. 
This difficulty has been overcome in modern types of machines in which the 
refrigerant is hermetically sealed in the machine and chemical action, there¬ 
fore, prevented. 

Rating of Refrigerating-Machines. A 1-ton re frigerating-machine is a 
machine which, if operated for 24 hours, will absorb the amount of heat which 
1 ton of ice would absorb in melting. If the machine is operated a shorter time 
per day, a less amount of heat will of course be absorbed, and in order to main¬ 
tain the temperature during the period when the machine is not running, some 
means must be adopted for storing cold. (See paragraph below.) Refriger- 
ating-machines are sometimes rated in terms of ice-making capacity, that is, 
in terms of the amount of ice the machine will make in 24 hours. This is 
always less than the refrigerating capacity because some refrigerating effect is 
required to cool the water down to 32° F. before the freezing can begin, and 
the ice is usually cooled several degrees below 32° F., which requires a still 
greater capacity. There is also some How of heat into the apparatus. These 
elements vary considerably so that from some points of view ice-making 
capacity might be considered an unsatisfactory method of rating some 
refrigerating-machines. 

Applying the Cold. According to one classification there are three common 
systems of applying the cold. These are, (1) the direct-expansion system 
(2) the brine-system and (3) the cold-air system. 

(1) In the direct-expansion system the refrigerant is evaporated in coils 
of pipe placed directly in the room to be cooled 

(2) In the brine-system the refrigerant is used to cool brine, which is then 
circulated through coils of pipe in the room to be cooled. 

(3) In the cold-air system a current of air is chilled by passing it over coils 
of pipe cooled directly by the evaporating refrigerant, or by brine, or by 
passing it through a spray of cold brine; and this chilled air is then passed into 
the room and circulated back to the cooling-coils, the whole operation being 
repeated indefinitely. 

All of these systems have their advantages and disadvantages. While the 
brine-system is a little more expensive to operate in large plants, the temper¬ 
ature is more easily controlled than with the direct-expansion system, and in 
practice in small plants it is found as economical in operation in spite of its 
theoretical disadvantage. Furthermore, in case of any breakdown in the 
machine, the temperature can be held for a time by circulating the brine until 
it becomes too warm to be of use, whereas with direct expansion the tempera¬ 
ture will begin to rise immediately upon the stopping of the machine. The 
cold-air system is not as applicable where any drying of the goods stored 
would be harmful and there is some risk of carrying fire in the air-passages. It 
is much used, nevertheless, for such service as chocolate-dipping rooms, ice¬ 
cream hardening, fur-storages, etc. 

Storage of Cold. When temperatures are to be maintained while the refrig- 
erating-machinc is shut down, cold must be stored. In the brine-system 
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this is effected by cooling a comparatively large body of brine which warms 
slowly as it is circulated. Where the brine-circulating pump as well as the 
machine must be stopped, so-called pressure-tanks may be placed in the 
piping-system in the room being cooled; the mass of brine in these tanks 
absorbs the heat and helps to maintain an approximately even temperature. 
Where the direct-expansion system is used, a part of the cooling-coils may be 
immersed in a tank of brine placed in the room and the remainder of the coils 
arranged for the direct cooling of the room. In some places the spaces avail¬ 
able will not permit the use of brine-storage tanks. In cases of this kind 
smaller tanks may be used and filled with water, or a weak brine which will 
freeze at a temperature a little below 32° F. Since 1 lb of ice in melting will 
absorb 144 Btu and 1 lb of brine rising in temperature, say 20°, will absorb 
only from 14 to 16 Btu, the saving of space is apparent. It must be absolutely 
certain that the refrigerant reaches the tank first at the bottom and that the 
air to be cooled reaches it first at the top so that the ice in forming shall not 
bulge or burst the tank. If the congealing mass were to freeze from the top 
down the tank would be strained and finally leak, because of the expansion of 
the ice in freezing. Another fact to be considered is that where water, only, is 
frozen, a resulting high temperature may be obtained in the refrigerator, since 
the brine must be warmer than the ice in order to melt it, and the refrigerator 
just that much warmer, or warmer than an ice-cooled box. In calculating the 
proper sizes of tanks for storing brine, it should be remembered that, usually, 
the period during which the machine is shut down coincides with the period 
during which the demand for refrigeration in the box is the least. The amount 
of heat to be absorbed is usually only that entering through the insulation, as 
the doors are shut and no food is put in or removed. 

Description of Refrigerating-Machines. As explained in the preceding 
paragraphs refrigerating-machines may be divided generally into two classes, 
(1) the compression-type and (2) the absorption-type. 

(1) The Compression-Type of Refrigerating-Machines may be subdivided 
as follows: 

(a) The open type of machine, which is made both vertical and horizontal, 
and both single and double-acting, that is, compressing the gas at one end or 
at both ends of the cylinder. ( b ) The partially enclosed type of machine, in 
which all the moving parts of the compressor proper are enclosed within the 
frame of the compressor, except the fly-wheel and the main shaft which enters 
the frame of the machine through a stuffing-box. Such valves, also, as are 
required in the system are exposed, (c) The wholly enclosed type of machine, 
in which all of the working parts are enclosed in a hermetically scaled container. 

(а) One advantage of the open type of machine is that any lack of adjust¬ 
ment due to wear can be readily corrected; so that, with proper attention, it 
gives excellent results. For large installations this is considered by many to 
be a most efficient type of machine. 

(б) The enclosed type of machine resulted from the effort to reduce the 
amount of attention required by the open machine, to cheapen its construction 
and to reduce the possibility of trouble from inexpert tampering. An objec¬ 
tion to machines of this type is that when adjustments have to be made the 
working parts are relatively inaccessible. 

( c ) With the wholly enclosed type of machine it is claimed that the loss of 
the refrigerant is prevented by the hermetical sealing of the apparatus, and 
that the working parts, being completely enclosed, are protected from deteri¬ 
oration due to outside causes or tampering. 
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(2) The Absorption-Type of Refrigerating-Machines are of two kinds, differ¬ 
ing principally in the proportioning of the parts. In the one machine high- 
pressure steam is used; in the other the proportions are such that low-pressure 
or exhaust-steam may be used. Where exhaust-steam is available machines 
of this type are found to be very economical, and this is true, also, for all large 
units whether or not exhaust-steam is used. Full descriptions of these 
machines with detailed plans and layouts may be obtained from the various 
manufacturers. 

Calculations for the Capacity of a Refrigerating-Machine. Heat enters 
the refrigerated compartments, (1) through the walls, (2) with warm goods, 
(3) by the interchange of the outside air when doors are opened and by air- 
leaks, since the cooled air is the heavier and immediately flows out when a door 
is opened, (4) from lights or from the heat of the bodies of workers, and (5) 
from any change of state occurring m the goods, such as freezing, fermenting, 
etc. In large rooms these various sources of heat should be analyzed sepa¬ 
rately. In small refrigerators, as in hotels, kitchens, dwellings, etc., a rough 
rule, quite as accurate as a more elaborate analysis, allows a certain number of 
Btu per cubic feet of refrigerated space per 24 hours. This amount varies 
with the character and location of the box, the nature of its insulation, the 
temperatures desired and so on. It will be seen that the insulation, while of 
great importance, is not by any means the only important factor in this class of 
boxes. For domestic refrigerators in which a temperature of from 35 to 50° F. 
is maintained, 300 Btu per cu ft of refrigerator per 24 hours should be allowed. 
For boxes in hotel or restaurant-kitchens, 600 Btu, or even 900 Btu in extreme 
cases and where low temperatures are required, should be allowed. For 
butchers’ coolers or large storage-boxes in hotels, etc., from 200 to 250 Btu per 
cu ft per 24 hours should be allowed. A check on the above figures for the 
large type of box is the following: * “When the exact conditions under which 
cold-storage rooms are to be operated are known, namely, the size and shape of 
the rooms, the quality of the insulation, the kind and quantity of goods to be 
handled per day and the temperatures at which they are received and at which 
they are to be held, the amount of refrigeration required can be estimated very 
closely by the following rub: (1) Calculate the exact area of exposed surface 
in the walls, floor and ceiling of the room in square feet, multiply the total num¬ 
ber of square feet by the number given in the table for the required tempera¬ 
ture and divide the product by 288 000. (2) Multiply the amount of goods, 

in pounds, to be stored per day oy the number of degrees of heat to be extracted 
by the specific heat of the goods, and divide by 288 000. This will give the 
amount of refrigeration, in tons per day, necessary to maintain the tempera¬ 
ture required for the goods. (3) Add these two amounts together. The total 
will be the amount of refrigeration, in tons per day, required to maintain the 
temperature required for the goods and for the room. (4) If the goods are 
to be frozen, the latent heat of freezing should be added to the number of 
Btu to be extracted.” 

With small machines it is necessary to allow a greater capacity of machine 
for a given size of box than with large machines, since, with the latter, one can 
always throw a large part of the machine-capacity to any given box where 
special need may exist; whereas to do this with the small machine would almost 
certainly rob some other box, if indeed there happened to be another box. It 
is never possible to determine with mathematical certainty exactly how much 
refrigeration is required for a given case. It is best to allow for this fact and 
to be sure the machine is amply large. Where an existing ice-cooled box is to 


Taken from Levey’s Refrigeration Memoranda. 
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ibe Cooled mechanically one check upon the size of the machine required is the 
amount of ice used. This check is more apt than any other, however, to lead 
to erroneous conclusions unless the figures are properly analyzed. 


For rooms containing less than 1 000 cu ft 


If maintained at 0° F. multiply the exposed surface by 1 775 

If maintained at 5° F. multiply the exposed surface by 710 

If maintained at 10° F. multiply the exposed surface by 535 

If maintained at 20° F. multiply the exposed surface by 355 

If maintained at 32° F. multiply the exposed surface by 265 

If maintained at 36° F multiply the exposed surface by 180 


For rooms containing from 1 000 to 10 000 cu ft 


If maintained at 0° F multiply the exposed surface by 1 250 

If maintained at 5° F. multiply the exposed surface by 600 

If maintained at 10° F multiply the exposed surface by 300 

If maintained at 20° F multiply the exposed surface by 190 

If maintained at 32° F multiply the exposed surface by 160 

If maintained at 36° F. multiply the exposed surface by 125 


For rooms containing more than 10 000 cu ft 


If maintained at 0° F multiply the exposed surface by 1 100 

If maintained at 5° F. multiply the exposed surface by 550 

If maintained at 10° F multiply the exposed surface by 275 

If maintained at 20° F. multiply the exposed surface by 180 

If maintained at 32° F. multiply the exposed surface by 140 

If maintained at 36° F multiply the exposed surface by 110 


Another Method of Determining the Capacity of a Refrigerating-Machine. 
The following is a method that gives good results, except that allowance may 
be made in the larger boxes and where brine-storage tanks are provided in the 
box for the steadying effect of the mass of cold brine: 

(1) The ice-consumption for the hottest month of the year should be deter¬ 
mined. This will give the average ice-consumption for that month. 

(2) The average temperature that is maintained in the box with ice should 
then be accurately determined. This will usually be from 55 to 65° F. It 
will commonly be stated to be anywhere from 40 to 45° F., but these tempera¬ 
tures are seldom obtained. Even if they are, with a full ice-chamber and the 
box closed for long periods the average will be above these figures. Unless, 
therefore, there is positive assurance to the contrary, from 55 to 60° F. should 
be considered the average temperatures. 

(3) A calculation should then be made of the heat-inflow through the insu¬ 
lation, with a temperature of 55° F. in the box and with the average summer 
temperature outside. The difference between the heat-inflow through the 
insulation and the total heat actually absorbed by the melting of the ice is the 
amount entering the box from other sources than through the insulation. 
This access of heat ordinarily occurs during the hours of daytime only, that is, 
when the box is being opened, since at night the box will remain closed. A 
machine of sufficient capacity to produce the temperature actually obtained 
with ice must, therefore, be of larger rated capacity than that indicated by the 
actual ice-consumption; and how much larger it should be can be determined 
by this method. 

(4) A further fact which it is claimed should be taken into account in detef- 









Mechanical Refrigeration 


2103 


mining the proper size of a machine is that temperatures obtainable with ice 
are often unsatisfactory. If they were always satisfactory, one reason for put¬ 
ting in cooling-machinery would be done away with. Where 55° F. is obtained 
with ice, from 35 to 45° F. will be required with mechanical cooling and the 
machine-size must be further increased in the ratio of the temperature-differ¬ 
ences between average summer temperatures and 35° F., and average summer 
temperatures and 55° F. 

(5) The cooling-machine if installed in accordance with these figures would 
handle average-weather conditions but would not be adequate for extreme 
hot-weather conditions, the most important conditions to be met by cooling- 
machinery. It is necessary, therefore, to further increase the size of the 
machine in the ratio of the difference in temperature between maximum sum¬ 
mer temperature and 35° F., and average summer temperature and 35° F. 

(6) A further allowance should be considered, namely, the fact that in 
many cases, for one reason or another, it is not possible, or else not desirable, 
to operate the machine except during certain periods of the day, and the 
machine-size must be increased as much as may be required to take care of 
these conditions. 

(7) If the machine is not placed directly at the box to be cooled, allowance 
must be made for the heat-inflow into the insulated brine-mains. The amount 
of heat entering from this source is often of considerable importance, particu¬ 
larly with small machines. The table below gives heat transmissions for cork 
pipe-covering and some other materials. 

Water and Milk-Cooling. Mechanical refrigeration as applied to cooling 
water and milk differs in one respect from other classes of refrigerating-work. 
A relatively intense quantity of cooling effect is called for in a brief interval 
of time. For instance, in a drinking-water system the heaviest requirements 
may come at the noon-hour. In a bakery, also, the demand for chilled water 
will be intermittent, a large quantity of water being required for the dough¬ 
mixing. In dairy-work the milk must be cooled very rapidly to check the 
development of bacteria which grow with incredible rapidity within the tem¬ 
perature-range of from 110 to 50° F. To install a large enough refrigerating- 
machine to produce the required cooling effect as it is needed would in most 
cases call for a very large machine. This is overcome by using a smaller 
machine and allowing it to operate for a longer time, say throughout the day, 
storing the refrigerating effect produced by cooling a large body of brine, or 
melting the ice as rapidly as may be required. For instance, if 50 cans of 
milk, of 40 qts each, are to be cooled from a temperature of from, say, 75 to 
35° F., in 1 hour, the refrigeration required will be 50 cans times 40 qts times 
2 lb per qt times (75° F. — 35° F.), which equals 320 000 Btu. Milk is treated 
in the calculation as having the same specific heat as water, since water forms 
so large a percentage of its total weight. This amount of refrigeration pro¬ 
duced by a machine running 12 hours per day would require the machine to 
absorb 320 000 Btu divided by 12, or 26 000 Btu per hour. The quantity of 
brine necessary to store the cooling effect may be calculated closely enough for 
practical purposes by using the following approximate figures. The specific 
heat of brine is 0.75. The weight of the brine is 9 lb per gallon. The permis¬ 
sible temperature-range of the brine depends upon the conditions and may be 
from, say, 30 to 15° F., or lower. In other words, the temperature to which 
the brine can be permitted to rise is limited to the temperature it must produce 
in the room or in the subtsance being cooled, and the temperature to which 
the brine can be cooled in storing cold is limited by the decrease in economy of 
the refrigerating-machine at the low temperatures. 
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The Value of Good Insulation. The importance of good insulation cannot 
be too strongly emphasized. A cold-storage room or refrigerator and its con¬ 
tents may be cooled by ice or mechanical means,' but unless the walls are ade¬ 
quately insulated, the demand caused by the inflow of heat through the poor 
insulation may be more than the ice-supply or refrigerating-machine can meet 
to maintain the required temperature. The almost universal standard of 
insulation for cold-storage rooms is a 4-in thickness of pure-cork sheet. The 
following table shows the heat transmitted through 1 in in thickness of each 
of the substances, per square foot of exposed surface per degree difference in 
temperature per 24 hours. 


Pure-cork sheets. 

6.4 Btu 

Hair-felt. 

7 3 Btu 

Impregnated cork boards. 

... 85 Btu 

Rock-wool blocks. 

8.0 Btu 

Waterproofing hth-bloGks. 

.... 85 Btu 

Spruce, clear and dry... 

. . 16 0 Btu 

White oak . . 

. . 26 0 Btu 


Incidental Notes on Refrigerators. Drawers. In restaurant-kitchens 
and elsewhere it is sometimes convenient to have a box fitted with a number 
of refrigerated drawers. The heat-leakage through the many joints, through 
slides which are invariably only partially closed, and through the poor insula¬ 
tion of the drawers, is very great. Where it is at all possible to do so, it is 
best to arrange an insulated door covering the entire drawer-space. 


Table of Temperatures Recommended for Use in the Equipment 
Specified Under Normal or Average Operating Conditions * 


Description of article 

Location of thermometer 

From 

degree 

named 

below 

To 

degree 

named 

below 

Small market cooling-room. . . 

Center of rear wall 

38 

45 

Large storage cooling-room. . .. 

Center of rear wall 

36 

42 

Grocer’s refrigerator... 

Small lower compartment 

42 

48 

Restaurant service-refrigerator. . 

Small lower compartment 

42 

48 

Restaurant storage cooling-room 

Center of rear wall. . 

38 

45 

Florist’s refrigerator. . . 


48 

54 

Top display case 

Center of bottom. 

42 

48 

Floor display counter. 

Center of bottom. 

42 

48 

Floor display counter, l 

( Center of bottom. 

36 


heavy construction ) 

( Center of top shelf.... 

44 

48 


• Issued by The Joint Commercial Refrigeration Committee, 422 Murray Bldg., Grand 
Rapids, Mich. 


Anterooms. In storage-rooms of medium to large size the air-interchange 
due to opening doors is reduced to a minimum by arranging an anteroom or 
entry which, after it is entered, has its outer door closed before the door to the 
storage-room proper is opened. Where two rooms are side by side, it is often 
possible to reduce the interchange of air by treating the one room as an ante¬ 
room of the other, having but one door to the outside air. 












Mechanical Refrigeration 


2105 


Doors. Special note should be made as to the design of doors for refrig¬ 
erated rooms or boxes. There is a common idea that a refrigerator-door 
should be beveled. As a matter of fact no more certain means of ensuring air- 
leakage could be devised. A perfectly fitted beveled door, hung accurately in 
place, could perhaps be made tight in the beginning. This door in service at 
once begins to sag, since a refrigerator-door is always heavy. It immediately 
becomes impossible to force it to a tight seat and continuous leakage of air 
begins. A refrigerator-compartment door is most readily made tight by hav¬ 
ing a flat surface on the door come up against a corresponding surface on the 
frame, with a soft gasket of some kind between them. There are several well- 
made refrigerator-doors on the market at prices low enough to make it doubt¬ 
ful economy to attempt the home-made article. 


Approved Cold-Storage Temperatures 


Articles stored 

Degrees 

Fahrenheit 

Beef 

36 to 40 

Lamb and mutton 

32 to 36 

Hogs. . . 

29 to 32 

Veal. 

34 to 36 

Meats, m pickle or brine 

35 to 40 

Butter, must be kept separate from other goods 

0 to 38 

Eggs 

29 to 32 

Cheese .... . 

32 to 34 

Lard . 

38 to 40 

Poultry, to freeze 

5 to 10 

Poultry, when frozen 

25 to 28 

Game, to freeze . ... 

5 to 10 

Game, when frozen . 

Fish, retail fish-counters should be cooled with ice rather than 

25 to 28 

mechanically. 

25 to 28 

Oysters. . . 

33 to 45 

Beer . . 

33 to 42 

Wines. 

40 to 45 

Cider. 

30 to 40 

Fruits . 

33 to 36 

Vegetables .... 

34 to 40 

Canned goods . 

38 to 40 

Flour and meal. 

40 

Furs. 

25 to 32 

Brine for ice-cream freezing. 

5 to 10 

Ice-cream, air hardening. 

5 

Ice-cream, serving-temperature. 

14 to 16 


Arrangement of Brine-Mains. In laying out mains to carry brine from the 
refrigerating-machine to the refrigerator, there are a few simple points to be 
cared for. For the convenience of the pipe-covering man, the flow and return 
lines should be placed far enough apart so that he can get his covering onto 
each pipe without cutting it to pieces, or else they should come close together 
so as to be covered together. A common difficulty experienced in brine-sys¬ 
tems of refrigeration, where the cooling-coils in several compartments are fed 
from the same main, is that when the adjustment of the valve controlling the 
flow of brine through one coil is changed, it upsets the adjustment of the whole 
system. This is due to too small mains or too small a pump, or both. A 
similar action is observed when the opening of a faucet on a water-pipe checks 
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the flow from other open faucets on the line. The ideal cross-section area of 
the brine-mains is as nearly as possible equal to the combined cross-section 
area of the coils which they serve at any one time. Even with this proportion, 
however, it is not possible to absolutely ensure that the lower coils will not rob 
the upper ones, or even drain them completely in some systems of piping. A 
most effective, even if somewhat expensive method of overcoming this diffi¬ 
culty, is by the addition of a third main. In this arrangement it is not possible 
for one coil to rob another to the point of draining it. 

Calculations for the Necessary Amount of Cooling-Surfaces. No hard- 
and-fast rule can be given regarding the proper amount of cooling-surface 
for compartments of various sizes, since the design and arrangement of the 
cooling-surface and the freedom with which the air circulates over it greatly 
affect the amount required. As a general guide, however, and where the con¬ 
ditions are such as to permit a good circulation of the air, the following formula 
will give good results. It will be understoood, of course, that the refrigeration 
required in the given room has been determined as previously indicated. 
The cooling-surface required, in square feet, per ton of refrigeration equals 
4 700/(r — /) in which T is the temperature desired in the compartment, and t 
the average temperature of the brine. 


TOWER-CLOCKS * 

Rule for Diameter of Dials. “ To look well and show plainly, dials should 
be 1 ft in diameter for every 10 ft of elevation and should set out flush with or 
close to the line of the building or tower.” t 

Dimensions of Some Large Clock-Faces. Colgate’s Factory, Jersey 
City, N. J. The diameter of the dial is 40 ft. The minute-hand is 20 ft long 
and 2 ft 11 in in extreme width, and the hour-hand is 15 ft long and 3 ft 10 in 
in extreme width. The minute-hand weighs 640 lb and the hour-hand 500 lb. 
This is the largest clock in the world. 

Bromo-Seltzer Building, Baltimore, Md. The dials are 24 ft in diameter. 
The minute-hand is 12 ft 7 in and the hour-hand 9 ft 8 in from tip to tip. The 
minute-hand weighs 175 lb, the hour-hand 145 lb. 

Daniels-Fisher Building, Denver, Colo. The dials are 15 ft 6 in in diameter. 
The minute-hand is 7 ft 10 in and the hour-hand 5 ft 7 in long. 

Maryland Casualty Building, Baltimore, Md. The dials are 17 ft in fn 
diameter. The minute-hand is 8 ft 4 in and the hour-hand 5 ft 11 in long. 

Elgin Watch Company’s Factory, Elgin, Ill. The dials are 14 ft 6 in in 
diameter. The minute-hand is 7 ft 4 in and the hour-hand 5 ft 4 in long. 

Tower-dock, Station of the Central Railroad of New Jersey, at Communi- 
paw, N. J. The diameter of the single dial is 14 ft 3 in; the minute-hand is 
7 ft long and weighs 40 lb; the hour-hand is 5 ft long and weighs 28 lb. The 
motive power is furnished by a weight of 700 lb, hung from a %-in steel cable. 

Four-dial dock, Produce Exchange Building, New York. The diameter of 
each dial is 12 ft 6 in. 

Four-dial dock, Chronide Tower, t San Francisco, Cal. The diameter of 
each dial is 16 ft 6 in; length of minute-hands, 8 ft; length of hour-hands, 
5 ft 6 in. The mechanism of the dock is 6 ft 1 in high and weighs 3 000 lb. 

* For a description of the requirements of installation of tower-docks, see page 154 
of “Churches and Chapels," by F. E. Kidder. 

t Seth Thomas Clock Company, Thomaston, Conn. 

t Destroyed in the earthquake and fire. 
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Pneumatic clock, City Hall and Court-House, Minneapolis, Minn. The 
dials are 23 ft 4 in in diameter. 

Four-dial clock, City Ilall, Philadelphia, Pa. The diameter of each dial 
is 26 ft. 

LIBRARY BOOK-STACKS 

The Stack-Work in General. The stack-room of a library is usually cut 
off by fire-proof doors from the rest of the building. The customary practice 
among architects is to make the stack-work a separate contract and have the 
general contractor turn the stack-room over to the stack-contractor with fin¬ 
ished floors, walls and ceilings. The stacks, made entirely of incombustible 
materials, are then built as an independent structure. 

Book-Ranges. The book-ranges are usually double-faced and are placed 
in parallel rows with aisles between. The minimum aisle-width is about 2 ft 
4 in. Radial ranges waste space and are costly. Single-faced ranges are 
relatively more expensive than double-faced ranges. 

Tiers. All stacks are divided in their height into tiers by deck-floors in 
order that all shelves may be easily reached. The regular tier-height is 7 ft 
or 7 ft 6 in. 

Deck-Floors. Deck-floors are composed of slabs of J^-in rough plate 
glass or lj^-in white marble, supported on steel framework A long, narrow 
opening or deck-slit is left between the edge of each deck-floor and the face of 
each range to allow proper ventilation of the stack-tiers. The net thickness 
from top of deck to bottom of steel framework is from 3*4 to 3j£ in for ordi¬ 
nary spans. The deck-floors arc carried by the shelf-supports. 

Vertical Communication. Continuous flights of stairs of simple design 
and construction are placed at central points. Books are moved up and flown 
by means of dumb-waiters operated by hand, for short runs, or by electric 
power controlled by push-buttons. 

Shelf-Supports. The shelf-supports are made in various ways, differing 
with each manufacturer. In the best construction they extend the full width 
of the shelves so as to hold up the shelves and books without the use of any 
projecting brackets. They are made of sufficient strength to carry the com¬ 
bined loads of books, deck-floors and superimposed stack-piers. They should 
provide for a uniform shelf-adjustment at intervals of about 1 in. Compact¬ 
ness is important. Open-work shelf-supports promote proper lighting and 
ventilation. 

Shelves. In each tier of regular height there are usually six rows of adjust¬ 
able shelves and one row of fixed shelves. Shelves are generally 8 or 10 in wide 
and 3 ft long. Other sizes are supplied if necessary. The adjustable shelves 
are made of solid plates of sheet steel or of parallel bars with spaces between. 
The fixed shelves are placed about 2 in above each floor-level. They are made 
of solid plates of steel to form dust-stops, fire-stops and water-stops between 
the tiers. 

Finish. The adjustable shelves are always completely finished with baked 
enamel before delivery. The fixed parts, also, of the stack-construction may 
be finished at the shop with baked enamel, or preferably with air-drying 
enamel, after erection at the building, so as to permit repair. 

Lighting. Electric-light wires are carried in metal conduits supported by 
the steel framework of the deck-floors. Lights of 16 candle-power are spaced 
about 6 ft apart in range-aisles and 12 ft apart in main aisles. 
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Heating. Indirect radiation is best for books. The lower tiers, only, of a 
stack should be heated, to prevent the upper tiers from becoming too warm. 

Ventilation. Large stacks are usually ventilated artificially to prevent the 
entry of dust and outside air through open windows. In the Library of Con¬ 
gress, in Washington, D. C., fresh, filtered and tempered air is forced in at the 
bottom tier, finds its way up through the stack by means of the deck-slits and 
is drawn out at the top tier. 

Weights. The shelves and shelf-supports weigh from 7 to 10 lb per cu ft 
of book-range. Books weigh about 20 or 25 lb per cu ft of book-range. The 
steel deck-floor framing weighs from 4 to 6 lb per sq ft of gross area of deck- 
floor. Marble floor-slabs, lJ4 in thick, weigh about 20 lb per sq ft, and J£-in 
rough, plate-glass slabs, about 10 lb per sq ft of net area. 

Book-Capacities. Book-capacities per linear foot of shelf may be figured on 
the following basis: law-books, 5 volumes; reference books, 6 volumes; scien¬ 
tific books, 7 volumes; general literature, from 8 to 10 volumes. The average 
in the Library of Congress is volumes per linear foot. An ordinary stack- 
tier, 7 shelves high with double-faced ranges 16 in deep (or 8-in shelves) and 
aisles 32 in wide, with a reasonable allowance made for cross-aisles, stairways, 
etc., will contain about 22 volumes per sq ft of gross area. 


CLASSICAL MOLDINGS 

Moldings are so called because they are of the same shape throughout their 
length as though the whole had been cast in the same mold or form. The reg¬ 
ular moldings, as found in remains of classic architecture, are eight in number, 
as shown in the accompanying illustration, and are known by the following 

names: The last two are commonly 
called, also, ogee moldings. Some 
of these terms are derived thus: 
fillet, from the French word fil, a 
thread; astragal, from astragalos, 
a bone of the heel, or the curvature 
of the heel; bead, because this mold¬ 
ing, when properly carved, resembles 
a string of beads; torus, or tore, the 
Greek for rope, which it resembles 
when on the base of a column; Sco¬ 
tia, from skotia, darkness, because 
of the strong shadow cast in its 
hollow, and which is increased by the 
projection of the torus above it; 
ovolo» from ovum, an egg, which this member resembles when carved, as in 
the Ionic capital; cavetto, from cavus, hollow; cymatium, from kumaton, 
a wave. 

Characteristics of Moldings. None of these moldings is peculiar to any one 
of the orders of architecture; and although each has its appropriate use, it is 
by no means confined to any certain position in an assemblage of moldings. 
The use of the fillet and also of the astragal and torus, which resemble ropes, 
is to bind the parts. The ovolo and cyma-reversa are strong at their upper 
extremities, and are therefore used to support projecting parts above them. 
The cyma-recta and cavetto, being weak at their upper extremities, are not 
used as supporters, but are placed uppermost to cover and shelter the upper 



Annulet, hand, cincture fillet, Astragal, or bead, 
llitcl, or h )uaru 

'CD 

Torus, or tore 

ItolQ quarter-, ound, or echinus. Cavetto. core, or hoi 


Cymatium, or cyma-reota. Inverted crmatlum, or 




CL 

Scotia, troohllus or mouth. 
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parts. The scotia is introduced in the base of a column to separate the upper 
and lower torus, and to produce a pleasing variety and relief. The form of the 
bead and that of the torus are the same; the reason for giving distinct names 
to them is that the torus, in every order, is always considerably larger than the 
bead and is placed among the base-moldings, whereas the bead is never placed 
there, but on the capital or entablature. The torus, also, is seldom carved, 
whereas the bead is; and while the torus, among the Greeks, was frequently 
elliptical in its form, the bead retains its circular shape. While the scotia 
is the reverse of the torus, the cavetto is the reverse of the ovolo, and the 
cyma-recta and cyma-reversa are combinations of the ovolo and cavetto. 


THE CLASSICAL ORDERS* 

Origin of the Orders. “ In the classical styles several varieties of column 
and entablature are in use. These are called the orders. Each order com¬ 
prises a column with a base, shaft and capital, with or without a pedestal, 
with its base, die and cap, and is crowned by an entablature, consisting of 
architrave, frieze and cornice. The entablature is generally about one- 
fourth as high as the column, and the pedestal one-third, more or less. Among 
the Greeks the forms used by the Doric race, which inhabited Greece itself 
and had colonies in Sicily and Italy, were much unlike those of the Ionic race, 
which inhabited the western coast of Asia Minor, and whose art was greatly 
influenced by that of Assyria and Persia. Besides the Ionic and Doric 
styles, the Romans devised a third, which employed brackets, called modil- 
lions, in the cornice, and was much more elaborate than either of them; this 
they called the Corinthian. They used also a simple Doric called the Tuscan, 
and a cross between the Corinthian and Ionic called the Composite. These 
are the five orders. The ancient examples vary much among themselves 
and differ in different places, and in modern times still further varieties are 
found in Italy, Spain, France, Germany and England. The best known and 
most admired forms for the orders are those worked out by Giacomo Barozzi 
da Vignola in the sixteenth century from the study of ancient examples.” 

The Tuscan Order. “The distinguishing characteristic of the Tuscan 
Order (Fig. 1) is simplicity. Any forms of pedestal, column and entablature 
that show but few moldings, and those plain, are considered to be Tuscan.” 

The Doric Order. “ The distinguishing characteristics of the Doric order 
are features in the frieze and in the bed-mold above it called triglyphs and 
mutules, which are supposed to be derived from the ends of beams and rafters 
in a primitive wooden construction with large beams. Under each triglyph, 
and beneath the tzenia which crowns the architrave, is a little filet called the 
regula. Under the regula are six long drops, called guttle, which are some¬ 
times conical, sometimes pyramidal. There are also either eighteen or thirty- 
six short cylindrical guttae under the soffit of each mutule. The guttae are 
supposed to represent the heads of wooden pins, or treenails. Two different 
Doric cornices are in use, the mutulary with bracket and the denticulated 
with dentils, the principal difference being in the bed-mold.” The order 
shown in Fig. 2 has the denticulated cornice. 

* The paragraphs in quotation-marks are taken from The American Vignola by Pro¬ 
fessor W. R. Ware, by permission of the owners of the copyright, the International Text¬ 
book Company, Scranton, Pa., proprietors of the International Correspondence Schools. 
The engravings were made especially for this book, and correspond with the original 
drawings prepared by Giacomo Barozzi da Vignola. 
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The Ionic Order. “The prototypes of the Ionic order (Fig. 3) are to be 
found in Persia, Assyria, and Asia Minor. It is characterized by bands in the 
architrave and dentils in the bed-mold, both of which are held to represent 
small sticks laid together to form a beam or a roof. But the most conspicuous 
and distinctive feature is the scrolls which decorate the capital of the 


I 



Fig. 1. The Tuscan Order 


column. These have no structural significance, and are purely decorative 
forms derived from Assyria and Egypt. Originally the Ionic order had no 
frieze and no echinus in the capital. These were borrowed from the Doric 
order, and, in like manner, the dentils and bands in the Doric were borrowed 
from the Ionic. The Ionic frieze was introduced in order to afford a place for 
sculpture, and was called by the Greeks the zoophorus, or figure-bearer. 
The typical Ionic base is considered to consist mainly of a scotia, as in some 
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Greek examples. It is common, however, to use instead what is called the 
Attic base, consisting of a scotia and two fillets between two large 
toruses, mounted on a plinth, the whole half a diameter high. The plinth 
occupies the lower third, or one-sixth of a diameter. Vignola adopted for his 



Ionic order a modification of the Attic base, substituting for the single large 
scotia two small ones, separated by one or two beads and fillets, and omitting 
the lower torus.” This is the base shown in Fig. 3. “The Ionic frieze is 
plain, except for the sculpture upon it. It sometimes has a curved outline, 
as if ready to be carved, and is then said to be pulvinated, from pulvinar, a 
bolster, which it much resembles. The shaft of the column is ornamented 
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with twenty-four flutings, semicircular in section, which are separated not 
by an arris, but by a fillet of about one-fourth their width. This makes 



ihe flutings only about two-thirds as wide as the Doric channels, or about 
one-ninth of a diameter, instead of one-sixth.” 
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To Describe the Ionic Volute. There are several methods of doing this, 
the simplest being by means of centers found as shown by the diagram in Fig. 
4. First locate the center of the eye 


D vertically below the point A, 
Fig. 3. Then describe a circle with 
a diameter equal to } {g 7), to form 
the eye. Inside of this circle inscribe 
a square at 45 degrees to a hori¬ 
zontal; then draw the axes 1-3 and 
2-4, and divide each of these into 
six equal parts. Then with the point 
1 as a center, and a radius extending 
to A , Fig. 3, draw a quarter-circle to 
line 1-2 produced, with 2 as a center, 
continue the curve until it intersects 
2-3 produced; and so on. The cen¬ 
ters for the outer curve of the volute 
are at the points 1, 2, 3, 4, 5, 6, etc. 
For the centers for the inner curve, 
start with a point one-third the way 
from 1 to 5,[then a point one-third the 
way from 2 to 6, and so on. 



The Corinthian Order. “ The three distinguishing characteristics of the 
Corinthian order (Fig. 5) are a tall, bell-shaped capital, a series of small 
brackets called modillions, which support the cornice instead of mutules, in 
addition to the dentils, and a general richness of detail which is enhanced by 
the use of the acanthus leaf in both capitals and modillions. Here, again, 
the Attic base is commonly used, but sometimes, especially in large columns, 
a base is used which resembles Vignola’s Ionic base, except that it has two 
beads between the scotias instead of one, and also a lower torus. The 
shaft is fluted like the Ionic shaft, with twenty-four semicircular flutings, 
but these are sometimes filled with a convex molding or cable to a third of their 
height. Almost all the buildings erected by the Romans employ the Corin¬ 
thian order.” 


The Composite Order. “The composite order is a heavier Corinthian, 
just as the Tuscan is a simplified Doric. The chief proportions are the same as 
in the Corinthian order, but the details are fewer and larger. It owes its name 
to the capital, in which the two lower rows of leaves and the caulicoli are 
the same as in the Corinthian. But the caulicoli carry only a stunted leaf- 
bud, and the upper row of leaves and the sixteen volutes are replaced by the 
large echinus, scrolls and astragal of a complete Ionic capital. Vignola’s 
composite entablature differs from his Ionic chiefly in the shape and size of the 
dentils. They are larger, and are more nearly square in elevation, being one- 
fifth of a diameter high and one-sixth wide, the interdentil being one-twelfth, 
and they are set one-fourth of a diameter apart, on centers. The composite 
capital is employed in the Arch of Titus in Rome, and elsewhere, with a Corin¬ 
thian entablature, and the block cornice occurs in the so-called frontis¬ 
piece of Nero, as well as in the temple at Athens, in connection with a Corin¬ 
thian capital.” 

Egyptian Style. The architecture of the ancient Egyptians is characterized 
by boldness of outline, solidity, and grandeur. The principal features of the 
Egyptian style of architecture are: uniformity of plan, never deviating 
from right lines and angles; thick walls, having the outer surface slightly 
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deviating inwardly from the perpendicular; the whole building low; roof flat, 
composed of stones reaching in one piece from pier to pier, these being sup¬ 
ported by enormous columns, very stout in proportion to their height; the 
shaft sometimes polygonal, having no base, but with a great variety of hand¬ 
some capitals, the foliage of these bei ng of the palm, lotus and other leaves; 



Fig. 6. An Egyptian Order. Diameter Divided into Sixty Parts 

entablatures having simply an architrave, crowned with a huge caveto 
ornamented with sculpture; and the intercolumniation very narrow, usually 
diameters and seldom exceeding 2 %. A great dissimilarity exists in the 
proportions, forms and general features of Egyptian columns. For practical 
use the column shown in Fig. 6 may be taken as a standard of the Egyptian 
style. 
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Letters Q and W of the Roman Alphabet * 

* From “The Design of Lettering,” by Egon Weiss. Courtesy of the Pencil Points Press, Publishers. 
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LIGHTNING CONDUCTORS * 

Terms and Definitions. Air Terminal. The combination of elevation- 
rod and brace, or footing placed on upper portions of structures, together with 
tip or point if used. 

Conductor. The portion of a protective system designed to carry the cur¬ 
rent of a lightning discharge from air terminal to ground. 

Copper-clad Steel. Steel with a coating of copper welded to it as distin¬ 
guished from copper-plated or coppcr-sheathed material. 

Elevation-Rod. The vertical portion of conductor in an air terminal by 
means of which it is elevated above the object to be protected. 

Ground Connection. A buried body of metal with its surrounding soil 
and a connecting conductor which together serve to bring an object into 
electrical continuity with the earth. 

Conductors, (a) Materials. The materials of which protective systems are 
made shall be relatively resistant to corrosion or shall be acceptably protected 
against corrosion. No combination of materials shall be used that forms an 
electrolytic couple of such nature that in the presence of moisture corrosion 
is accelerated. 

(1) Copper. Where copper is used it shall be of the grade ordinarily 
required for commercial electrical work, generally designated as being of 98% 
conductivity when annealed. 

(2) Alloys. Where alloys of metals are used they shall be substantially 
as resistant to corrosion as copper under similar conditions. 

The importance of resistance to corrosion of lightning-conductor materials 
should be emphasized, because corrosion, either soil or atmospheric, leads to 
deterioration and consequent impairment of the initial degree of reliability 
of a system and should be forestalled wherever possible. It may also be pointed 
out that atmospheric conditions in certain seacoast sections of the United 
States, notably South Atlantic and Gulf coasts, are known to be destructive 
to galvanized steel, and in such regions galvanized steel should be used with 
caution, a preference being given to copper. Copper is also to be preferred 
where corrosive gases are encountered, but it needs to be reinforced with a 
lead coating under exceptional conditions, such as are found near the tops of 
smokestacks. 

(b) Form and Size. Conductors may be in the form of cable, tube, 
strip, or rod, having round, square, star or other solid cross-section. The 
following give minimum sizes and weights: 

(1) Copper-cable. Copper-cable conductors shall weigh not less than 
187.5 lb per 1 000 ft (0.279 kg per m). The size of any wire of a cable shall 
be not less than No. 17 A.W.G. (0.045 in «* 0.114 cm diameter). 

(2) Copper Tube, Copper Solid Section. Tube or solid-section con¬ 
ductors of copper shall weigh not less than 187.5 lb per 1000 ft (0,279*kg 
per m). The thickness of any tube wall shall be not less than No. 20 A.W.G. 
(0.032 in « 0.081 cm). The thickness of any copper ribbon or strip shall be 
not less than No. 20 A.W.G. (0.051 in « 0.129 cm). 

* The information here given is taken from the U. S. Department of Commerce pub¬ 
lication, ¥ Code for Protection against Lightning,” approved April 4, 1929, by the Amer¬ 
ican Standards Association. Additional information on the subject may be obtained 
from the Department of Commerce or from the Copper Brass Research Association, 25 
Broadway, New York City. 
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(c) Joints. Joints in conductors shall be as few in number as practicable, 
and where they are necessary they shall be mechanically strong, well made, 
and provide ample electrical contact. The latter requirement is to be regarded 
as met by a contact area not less than double the conducting cross-sectional 
area of the conductor. 

(1) Mechanical Strength. On structures exceeding 60 ft in height, 
joints shall be so constructed that their mechanical strength in tension as 
shown by laboratory tests is not less than 50% of that of the smallest of the 
several sections of conductor which are joined. 

(2) Electrical Resistance. Joints shall be so made that they have an 
electrical resistance not in excess of that of 2 ft of conductor. 

(d) Fastenings. Conductors shall be securely attached to the building or 
other object upon which they are placed. Fastenings shall be substantial in 
construction, and of the same material as the conductor, or of such a nature 
that there will be no serious tendency toward electrolytic corrosion in the 
presence of moisture. Fasteners shall be spaced, in general, not over 4 ft 
apart. 

Elevation-Rods, (a) Size. Elevation-rods shall be at least the equivalent 
in weight and stiffness of a copper tube having an outside diameter of % in 
(1.6 cm) and a wall thickness of No. 20 A.W.G. (0.032 in = 0.081 cm). 

(b) Form. Elevation-rods may be of any form of solid or tubular cross- 
section. 

(c) Height. The height of an elevation-rod shall be such as to bring the 
tip not less than 10 in (25.4 cm) above the object to be protected. 

(d) Braces. Elevation-rods shall be amply secured against overturning 
either by attachment to the object to be protected or by means of substantial 
tripod or other braces which shall be permanently and rigidly attached to the 
building. 

(1) Materials. The material of which braces are constructed shall be 
at least the equivalent in strength and stiffness of in, (0.625 cm) round iron, 
and the nails or screws used in erecting must comply with the requirements 
of conductor materials as outlined above in resistance to corrosion or protec¬ 
tion against corrosion. 

(2) Form and Construction. Braces shall be assembled by means of 
riveted joints or joints of equivalent strength. Preference should be given 
to tripod or four-legged braces, and when in place the feet should be spread 
until the distance between them approximates one-third the height of the 
brace. 

(3) Guides. Where elevation-rods are more than 24 in high, braces shall 
have guides for holding the elevation-rod at two points located approximately 
as follows: the lower at a distance above the foot of the rod equal to one-third 
of its height, the upper at a distance above the lower, equal to one-fourth the 
height of the rod. 

Where elevation-rods are 24 in high or less, braces with a single guide may 
be used, holding the rod approximately midway of its height. Ten-inch 
(25.4 cm) elevation-rods may be braced by means of substantial footings. 

Location of Air Terminals, (a) General. Air terminals shall be provided 
for all structural parts that are likely to receive, and be damaged by a stroke 
of lightning. 

(b) Projections. In the case of projections such as gables, chimneys and 
ventilators, the air terminal shall be placed on, or attached to, the object to 
be protected where practicable, otherwise within 2 ft (61 cm) of it. 
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(c) Ridges, Parapets and Edge3 of Flat Roofs. Along ridges, parapets and 
edges of flat roofs, air terminals shall be spaced at intervals not exceeding 25 
ft (7.62 m), and intermediate terminals need not be closer than 12.5 ft 
(3.81 m). 

(d) Metal Projections and Parts of Buildings. Ventilators, smokestacks 
and other objects, that are likely to receive, but not be damaged by, a 
stroke of lightning, need not be provided with air terminals but shall be 
securely bonded to the lightning-conductor with metal of the same weight 
per unit length as the main conductor. 

(©) Coursing of Conductors. Conductors shall, in general, be coursed over 
roofs and down the comers and sides of buildings in such a way as to consti¬ 
tute, as nearly as local conditions will permit, an inclosing network. 

(f) Roof-Conductors. Roof-conductors shall be coursed along contours 
such as ridges, parapets, and edges of flat roofs, and where necessary over flat 
surfaces, in such a way as to join each air terminal to all the rest. 

(g) Down-Conductors. Down-conductors shall preferably be coursed 
over the extreme outer portions of buildings, such as corners, due considera¬ 
tion being given to the best places for making ground connections and to the 
location of air terminals. 

There shall be at least two down-conductors on any type of building, and 
these shall be run so as to be as widely separated as practicable. Additional 
down-conductors shall be installed where necessary to avoid dead ends, 
branch conductors ending at air terminals, which exceed 16 ft (4.88 m) in 
length. Single down-conductors descending flag-poles, spires and similar 
structures which are adjuncts of buildings shall not be regarded as dead ends, 
but shall be treated as air terminals. 

(h) Bends. No bends in a conductor which embraces a portion of a build¬ 
ing, such as an eave, shall have a radius of less than 8 in (20 3 cm). The angle 
of any turn shall not exceed 90°, and conductors shall everywhere preserve a 
downward or approximately horizontal course. 

VACUUM-CLEANING * 

General Description. Vacuum-cleaning of all types has become the rec¬ 
ognized standard for cleaning of every description, from the ordinary house¬ 
hold to hotels, schools, office-buildings, theaters and industrial plants. The 
difficulties encountered in the early installations have been largely overcome 
by equipment of modern design. 

Types of Vacuum-Cleaners. There are three recognized types of vacuum- 
cleaners. First, the household type which is largely used as a substitute for 
the broom in household use. Second, the heavy-duty portable type, 
designed particularly for industrial applications where the machine is sub¬ 
jected to severe use. Third, the central cleaning system sometimes desig¬ 
nated as the INSTALLED SYSTEM. 

The central system is of the most interest to the architect, as it is this 
type that is generally used in the modem hotel, school, office building, theater, 
etc. The fact that this equipment is installed during the construction of a 
building, and should be included in the general contract, makes it important 
for the architect to obtain accurate information. The equipment consists of 
a /acuum-pump and dirt separator located in the basement, from which a 

• From data given by the Spencer Turbine Co. 
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piping system extends throughout the building. Manufacturers of equipment 
have reliable data concerning the size of equipment necessary for the various 
types of buildings and should be consulted on the size of the machine, pipe 
sizes, and the design of the tool. 

Irrespective of other specifications, there should be included what is known 
as the standard orifice performance test, namely: that 2 in Hg. with a J^-in 
opening, or 3 in Hg. with a %-in opening, be required for each sweeper the 
machine is designed to operate. These measurements are to be taken at the 
end of 50 ft of lj^-in hose distributed at various points throughout the build¬ 
ing. The manufacturers of equipment are always willing to supply engineer¬ 
ing data and specification sheets and should be consulted in order to insure a 
correct installation. 


WATERPROOFING FOR FOUNDATIONS 

The Waterproofing of Substructure Work, is, comparatively speaking, a 
modern branch of engineering. It is only within recent years that it has 
become necessary to construct deep basements for buildings. In the past, the 
more important structures, such as cathedrals, capitols, state-buildings and 
the like, were usually built upon high ground, and water was prevented from 
entering the basements of such buildings by means of drainage. Waterproof¬ 
ing, as we now know it, was generally unnecessary. With the advent of the 
so-called skyscrapers, however, requiring large mechanical plants, deep base¬ 
ments became an actual necessity, and as these basements are usually carried 
below ground-water level, and in many instances below tide-level, the question 
became one of utmost importance. Like almost every detail of a modern 
building, waterproofing is a specialty. Each building presents its own prob¬ 
lems, and the safest plan is to leave the solution of these problems to some one 
expert in the knowledge of waterproofing who has made it a special study and 
knows how best to overcome the existing difficulties. It may be laid down as 
an invariable rule that, where conditions are at all serious, the owner or the 
general contractor will save money in the long run if he employs the services 
of an expert waterproofer to place his waterproofing-seal, regardless of the 
method he wishes to use. 

Pressure-Resistance Versus Waterproofing. In waterproofing large base¬ 
ments where actual pressure exists, it is a question for the engineer to decide 
whether it is more economical to attempt to secure an absolute pressure-job 
or a water-proof job in connection with a drainage system. As a general 
rule, it may be stated that where a building is generating its own power, it is 
more economical to use a drainage system with an open sump than to construct 
a pressure-cellar, the cost of pumping being much less than the interest charges 
on the cost of a floor-slab sufficiently strong to withstand the pressure. 

Waterproofing Concrete Foundations. The three following subdivisions 
of this subject, discussing the causes of permeability of concrete, the addition of 
substances to render it more water-proof, and the treatment of its surfaces to 
make it less permeable, embody the conclusions of Committee D-8 of the 
American Society for Testing Materials: * This committee, since its organi¬ 
zation in 1905 has, through laboratory-tests and experiments, together with 
examinations of work during construction and after completion, as well as the 

* This article, as far as the section entitled “Burlap Saturated with Bituminous Sub¬ 
stances/' is the substance of a Report submitted to the American Society for Testiug 
Materials. 
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study of literature on tne subject, sought to secure sufficient information to 
enable it to formulate definite methods for securing water-proof concrete 
structures. The work of the committee was* complicated by reason of the 
facts that there seemed to be so little concordance between results of tests 
obtained under laboratory-conditions and in the field and that it was necessary 
to extend its investigations over a period of years in order to determine the 
permanency of the action noted. The committee reported that while it had 
not been able to arrive at sufficiently definite conclusions to enable it to for¬ 
mulate specifications for the making of concrete structures water-proof or for 
materials to be used in such work, it had reached certain general conclusions 
which might be of assistance to the constructor in securing the desired result 
of impermeable concrete. Early in the investigation, the work was found to 
subdivide naturally into three branches, and the conclusions reached will be 
grouped in order under these subdivisions, which are: 

(1) The determination of causes of the permeability of concrete as usually 
made from mixtures of Portland cement, sand and stone, or other coarse aggre¬ 
gate, in proportions of from 1 of cement, 2 of sand and 4 of stone, to l of 
cement, 3 of sand and 6 of stone, and the best methods of avoiding these causes. 

(2) The rendering of concrete more water-proof by adding to ordinary mix^ 
tures of cement, sand and stone, other substances which, either by their void¬ 
filling or repellent action, would tend to make the concrete less permeable. 

(3) The treatment of exposed surfaces after the concrete or mortar has been 
put in place and hardened more or less, either by penetrative, void-filling or 
repellent liquids, making the concrete itself less permeable; or by extraneous 
protective coatings, preventing water from having access to the concrete. 

Considering these several subdivisions separately and in the order named, 
the committee arrives at the following conclusions: 

(1) Causes of Permeability of Concrete. In the laboratory and under test- 
conditions where properly graded and sized coarse and fine aggregates are 
used, in mixtures ranging from 1 of cement, 2 of sand and 4 of stone, to 1 of 
cement, 3 of sand and 6 of stone, impermeable concrete can invariably be pro¬ 
duced. Even with sand of poor granulometric composition, with mixtures as 
rich as 1 of cement, 2 of sand and 4 of stone, permeable concrete is seldom, if 
ever, found and is a rare occurrence with mixtures of 1 of cement, 3 of sand 
and 6 of stone. But the fact remains, nevertheless, that the reverse often 
obtains in actual construction, permeable concretes being encountered even 
with mixtures of 1 of cement, 2 of sand and 4 of stone and are of frequent occur¬ 
rence where the quantity of the aggregate is increased. This the committee 
attributes to: 

(i) Defective workmanship, resulting from improper proportioning, lack of 
thorough mixing, separation of the coarse aggregate from the fine aggregate 
and cement in transporting and placing the mixed concrete, lack of density 
through insufficient tamping or spading, improper bonding of work-joints, etc. 

(ft) The use of imperfectly sized and graded aggregates. 

(c) The use of excessive water, causing shrinkage-cracks and formation of 
laitance-seams. 

(d) The lack of proper provision to take care of expansion and contraction, 
causing subsequent cracking. 

Theoretically, none of these conditions should prevail in properly designed 
and supervised work, and they are avoided in the laboratory and in the field, 
under test-conditions, where speed of construction and cost are negligible 
items, instead of being governing features as they must be in actual construc¬ 
tion. Properly graded sands and coarse aggregates are rarely, if ever, found 
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in nature in sufficient quantities to be available for large construction, and the 
effect of poorly graded aggregates m producing permeable concrete is aggra¬ 
vated by poor and inefficient field-work. Even if the added expense of screen¬ 
ing and remixing the aggregates could be afforded, so as to secure proper granu¬ 
lometric composition to give the density required to make untreated concretes 
impermeable, it is seemingly often a commercial impossibility on large con¬ 
struction to obtain workmanship even approximating that found in laboratory- 
work. 

(2) Addition of Foreign Substances to Cement Before or During Mixture. 

The committee finds that in consequence of the conditions outlined above, sub¬ 
stances calculated to make the concrete more impermeable, either incorporated 
in the cement or added to the concrete during mixing, are often used. This 
has resulted in the development and placing on the market of numerous 
patented or proprietary waterproofing-compounds, the composition of which 
is more or less of a trade-secret. While it has been impossible for the com¬ 
mittee to test all of the special waterproofing-compounds being placed on the 
market, it has investigated a sufficient number of these, as well as the use of 
certain very finely divided, naturally occurring or readily obtainable commer¬ 
cial mineral products, such as finely ground sand, colloidal clays, hydrated 
lime, etc., to form a general idea of the value of the different types. The 
committee finds: 

(a) That the majority of patented and proprietary integral compounds 
tested have little or no immediate or permanent effect on the permeability of 
concrete and that some of these even have an injurious effect on the strength 
of mortar and concrete in which they are incorporated 

(b ) That the permanent effect of such integral waterproofing-additions, if 
dependent on the action of organic compounds, is very doubtful. 

(c) That in view of their possible effect, not only upon the early strength, 
but also upon the durability of concrete after considerable periods, no integral 
waterproofing-material should be used unless it has been subjected to long¬ 
time practical tests under proper observation to demonstrate its value, and 
unless its ingredients and the proportion in which they arc present are known. 

(d) That in general, more desirable results are obtainable from inert com¬ 
pounds acting mechanically, than from active chemical compounds whose 
efficiency depends on change of form through chemical action after addition to 
the concrete. 

(e) That void-filling substances are more to be relied upon than those whose 
value depends on repellent action. 

(J) That, assuming average quality in sizing of the aggregates and reason¬ 
ably good workmanship in the mixing and placing of the concretes, the addi¬ 
tion of from 10 to 20% of very finely divided void-filling mineral substances 
may be expected to result in the production of concrete w r hich, under ordinary 
conditions of exposure, will be found impermeable, provided the work-joints 
are properly bonded, and cracks do not develop on drying, or through change 
in volume due to atmospheric changes, or by settlement. 

(3) External Treatment While external treatment of concrete would not 
be necessary if the concrete itself, either naturally or by the addition of water¬ 
proofing-material, was impermeable to water, it has been found in practice that 
in large construction, no matter how carefully the concrete itself has been 
made, cracks are apt to develop, due to shrinkage in drying out, expansion and 
contraction under change of temperature and moisture-content, and through 
settlement. It is, therefore, often advisable in important construction to 
Anticipate and provide for the possible occurrence of such cracks by external 
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treatment with a protective coating. Such coating must be sufficiently elastic 
and cohesive to prevent the cracks extending through the coating itself. The 
application of merely penetrative void-filling liquid washes will not prevent 
the passage of water due to cracking of the concrete. The committee has, 
therefore, considered surface-treatment under two heads: 

(а) Penetrative void-filling liquid washes. 

(б) Protective coatings, including all surface-applications intended to pre¬ 
vent water coming in contact with the concrete. 

Penetrative Washes. While some penetrative washes may be efficient in 
rendering concrete water-proof for limited periods, their efficiency may 
decrease with time and it may be necessary to repeat such treatment. Some 
of these washes may be objectionable, due to discoloring the surface to which 
they are applied. The committee, therefore, believes that the first effort 
should be made to secure a concrete that is impermeable in itself and that 
penetrative void-filling washes should only be resorted to as a corrective 
measure. 

Protective Coatings. While protective extraneous bituminous or asphaltic 
coatings are unnecessary, so far as the major portion of the surface of the con¬ 
crete is concerned, provided the concrete, either in itself or through the addi¬ 
tion of integral compounds, is made impermeable, they are valuable as a pro¬ 
tection where cracks develop in a structure. It is therefore recommended that 
a combination of inert void-filling substances and extraneous waterproofing 
be adopted in especially difficult or important work. 

Bituminous or Asphaltic Coatings. Considering the use of bituminous or 
asphaltic coatings, the committee finds: 

(a) That such protective coatings are often subject to more or less deteriora¬ 
tion with time, and may be attacked by injurious vapors or deleterious sub¬ 
stances in solution in the water coming in contact with them. 

(b) That the most effective method for applying such protection is either the 
setting of a course of impervious brick dipped in bituminous material into a 
solid bed of bituminous material, or the application of a sufficient number of 
layers of satisfactory membranous material cemented together with hot 
bitumen. 

(c) That their durability and efficiency are very largely dependent on the 
care with which they are applied. Such care refers particularly to proper 
cleaning and preparation of the concrete to insure as dry a surface as possible 
before application of the protective covering, the lapping of all joints of the 
membranous layers, and their thorough coating with the protective material. 
The use of this method of protection is further desirable because proper bitu¬ 
minous coverings offer resistance to stray electrical currents, the possible 
attack from which is referred to in succeeding paragraphs. 

Rich Mixtures. So far, the committee has considered only concretes of the 
usual proportions, namely, those ranging from 1 of cement, 2 of sand and 4 of 
stone, to 1 of cement, 3 of sand and 6 of stone. It has been suggested that 
impermeable concretes could be assured by using mixtures considerably richer 
in cement. While such practice would probably result in an immediate imper¬ 
meable concrete, it is believed by many that the advantage is only temporary, 
as richer concretes are more subject to check-cracking and are less constant in 
volume under changes of conditions of temperature, moisture, etc. Therefore, 
the use of more cement in mass-concrete would cause increased cracking, unless 
some meansof controlling the expansion and contraction is discovered. With 
reinforced concretes the objection is not so great, as the tendency to cracking 
is more or less counteracted by the reinforcement. 
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Fine Flour Mixtures. It has also been suggested that the presence in the 
cement of a larger percentage of very fine flour might result in the production 
of a denser and more impermeable concrete, through the formation of a larger 
amount of colloidal gels. Neither of these suggestions has been especially in¬ 
vestigated by the committee. Both appeal to the committee, however, for 
the reason that they substitute active cementitious substances for the largely 
inactive void-filling materials previously recommended, thus increasing the 
strength of the concrete. 

Character of Workmanship. In conclusion, the committee would point out 
that no addition of waterproofing-compounds or substances can be relied upon 
to completely counteract the effect of bad workmanship, and that the produc¬ 
tion of impermeable concrete can only be hoped for where there is determined 
insistence on good workmanship. 

Saline Waters. Electrical Action. The production of impermeable con¬ 
crete has assumed greater importance since the appointment of this commit¬ 
tee, owing to the well-known injurious action of saline or alkaline waters and 
to the suggested possible effect of the moisture in concrete occasioning or 
aggravating electrical action from stray currents. Originally, the question of 
waterproofing involved mainly the physical troubles resulting from water 
passing through concrete without any special consideration of its effect on its 
durability, other than a gradual leaching out of the cement. Recent develop¬ 
ments suggest the possibility that, owing to the increased conductivity of 
damp concrete to electrical currents, such currents, if present, may so affect 
damp concrete as to seriously lessen its integrity; and this possibility further 
emphasizes the importance of the recommendation that no waterproofing- 
compound of unknown chemical composition be added to concrete, as recent 
tests seem to show that the action of electrical currents is aggravated by the 
presence of certain solutions. 

Burlap * Saturated with Bituminous Substances for Use in Waterproofing. 

The following excerpts are taken from American Society for Testing Materials, 
Serial Designation: D 174-25, Standard Specifications. “These specifica¬ 
tions cover bituminized jute fabric, composed of burlap waterproofed with 
either asphalt or coal-tar pitch, as specified by the purchaser, for use in the 
membrane system of waterproofing. In the process of manufacture, the 
dry burlap shall be thoroughly and uniformly waterproofed with an asphaltic 
or coal-tar pitch saturant at a temperature and speed which will not injure the 
fabric. This shall be accomplished by passing the fabric through the saturant 
and then calendering it in the presence of heat, whereupon it shall be cooled 
and wound into rolls. The finished material shall be free from visible external 
defects such as ragged or untrue edges, breaks, rents or cracks. The meshes 
of the fabric shall not be completely closed or sealed by the process of satura¬ 
tion, but there shall be sufficient porosity maintained to allow successive mop- 
pings of the plying cement to seep through. The selvage shall not measure 
over § in. The roll shall be capable of being unrolled easily at atmospheric 
temperatures above 50° F. (10° C.) without sticking together in such a manner 
as to injure the fabric. The surface of the fabric shall not be coated or covered 
with talc or other substances which would tend to interfere with the adhesion 
between the fabric and the plying cement. The use of silica or wood flour 
will be permitted. The surface shall be uniformly smooth and free from irreg¬ 
ularities, folds or knots.” 

* For Standard Specifications for Woven Cotton Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing, see A. S. T. M. Designation: D 173-27. 
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Bituminous Grout for use in Waterproofing below Ground-level. The fol¬ 
lowing excerpts are taken from Standard Specifications of the American Soci¬ 
ety for Testing Materials, Serial Designation: D 171-25. “These specifica¬ 
tions cover the materials for bituminous grout suitable for use in waterproofing 
below ground-level, either as a protective covering of membrane systems of 
waterproofing or for bedding brick or filling the joints or flooding the surface 
of a brick protective covering. The grade of bituminous grout covered by 
these specifications is suitable for waterproofing tunnels, subways, etc. This 
bituminous grout is a mixture of substantially 45 parts by weight of bitumi¬ 
nous binder and 55 parts by weight of mineral aggregate as coarse as sand, 
which becomes sufficiently fluid, when heated to approximately 149° C. 
(300° F.), to flow without mechanical manipulation, and which on cooling 
congeals to a compact mass. 

‘ 4 The bituminous binder shall consist of either asphalt binder or coal-tar 
pitch as follows: 

“(a) The asphalt binder shall conform to the requirements of the Standard 
Specifications for Asphalt for Use in Dampproofing and Waterproofing Below 
Ground-Level (Serial Designation: D 40) of the American Society for Testing 
Materials. 

“(6) The coal-tar pitch shall conform to either of the following tentative 
specifications of the American Society for Testing Materials: 

“(1) Standard Specifications for High-Carbon Coal-Tar Pitch for Use in 
Dampproofing and Waterproofing below Ground-Level (Serial 
Designation: D 42). 

“(2) Standard Specifications for High-Bitumen Coal-Tar Pitch for Use in 
Dampproofing and Waterproofing below Ground-Level (Serial 
Designation: D 200). 

“The mineral aggregate shall consist of silicious sand, all of which will pass 
a 20-mesh sieve, and not more than 5% of which will pass a 200-mesh sieve.” 

Waterproofing by External Linings of Brick, Tar, or Asphalt, and Felt. 

The oldest method of waterproofing is the one involving the use of a tar-and- 
felt or asphalt-and-felt seal (Fig. 1). This consists of building first a support¬ 
ing wall and a supporting concrete slab to hold the seal. On the floors, this 
slab is usually composed of concrete, 4 in thick. The walls are generally of 
brick from 4 to 8 in thick, but occasionally 4-in terra-cotta tiles are used. 
Upon this base a swabbing of tar or asphalt is placed and before this has 
become cold or set, one thickness of paper, saturated with coal-tar, is laid. 
This paper receives a swabbing of coal-tar and asphalt and another layer of 
paper is placed, the operation being continued until there are three or more 
layers of paper with four or more swabbings of the tar or asphalt. For damp- 
proof work, three layers of paper with four swabbings of tar are usually suffi¬ 
cient. For waterproofing-work not less than five and usually six layers of 
paper with from six to seven swabbings of tar are used. The main walls of the 
structure are then built against the wall-waterproofing, and after these' are in 
place, the main concrete basement-floor is laid immediately on top of the 
floor-seal, the idea being to form a continuous waterproof seal enveloping the 
entire b.asement below grade. The difficulties of this system consist chiefly 
in securing perfect laps at all points in the work, and unless extreme care is 
used and unless there is perfect cooperation between the waterproofer and the 
mason-contractor, there is apt to be a break somewhere in the seal, usually 
where the wall-waterproofing is supposed to be joined to the floor-work. The 
disadvantages of this system are due to the fact that the seal is not permanent 
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in all soils as the subsurface water frequently contains acids which destroy 
the seal. Then again, the seal may be easily punctured by the mason-contrac¬ 
tor in building his wall against it or in laying the concrete floor upon the 
flat work. The chief disadvantage, however, is that the waterproofing-seal is 
invariably buried behind a mass of masonry, either brick or concrete, which 
means that should there be a leak, due to either carelessness or accident, 
through the waterproofing-seal, it is frequently impossible to stop it. It not 
infrequently happens that when a leak has developed in tar-and-felt work. 



Fig. 1.* Felt-Waterproofing for Foundations 


the actual presence of the water does not show opposite the leak, but following 
some line of least resistance, appears from 50 to 100 ft, or more, away from 
where the actual damage causing the leak occurs. In actual waterproofing 
work it is seldom attempted to secure a bottle-tight job with tar and felt. 
Instead, some system of drainage is installed beneath the water-proof seal 
which is on the floors of the building, and the wrater is conducted through tile 
or other pipes to some central sump from which it is mechanically pumped to 
a sewer. The purpose of the waterproofing in this case, therefore, is to con¬ 
centrate or drive the water to this sump. For shallow cellars and especially 
dampproofing-work, this tar-and-felt method is the most economical and most 
frequently employed. 

• Reproduced, by permission, from a pamphlet published .by The Waterproofing Com¬ 
pany, New York, and showing the greater thickness of walls and floor required for the 
outside-surface brick-and-felt method of waterproofing as compared with the inside- 
surface waterproof-cement coating. Taken from design for waterproofing in a prominent 
New York building. See, also. Tig Z 
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Waterproofing by Coating with Water-Proof Cement. For deep and 
difficult work a comparatively new method of waterproofing is often used 
(Fig. 2). This consists of placing a coating 6f water-proof cement upon the 
interior surface of the exterior walls of the building and over the upper surface 
of the concrete floor-slab in the basement or sub-basemc.it. Fig. 3 shows a 
foundation for an engine, the concrete being waterproofed as shown. The pit 
is made somewhat larger than the foundation, the extra space being filled in 
with cinders, dry bricks or terra-cotta blocks, which may be readily removed 
to allow access to the bed-plate bolts for which hand-holes have been cast in 



Fig. 2.* Cement Waterproofing for Foundations 


the concrete, thus permitting the complete removal of the engine. The figure 
shows a 2-in sand cushion and a 2-in layer of planks under the engine-founda¬ 
tion. This is not a part of the waterproofing but is put in to prevent the com¬ 
munication of vibration. Fig. 4 shows reinforced-concrete floors for an en¬ 
gine-room and boiler-room, the concrete slab being 12 in thick under' the 
former and 24 in thick under the latter. Both floors are covered with a 1-in 
course of water-proof cement. The reinforcement is put in as shown and in 
sizes and spacing as follows: 

• From a pamphlet published by The Waterproofing Company, New York, and show¬ 
ing reduced total thickness of walls and floor required for the inside-surface water-proof 
cement method of waterproofing. Taken from design for waterproofing of the same 
building shown in Fig. 1. The walls and floors were put in place in the monolithic 
form. 
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12-in slab 

Rods in two courses 

24-in slab 

Rods in three courses 

Lower rods, 4 in on centers, 6 in from 
surface 

Upper rods, 6 in on centers, 2 in from 
surface 

For fi/e rods, total area of cross-sec¬ 
tion is 0 703 sq in; per square foot 
of surface, 2.39 lb 

Lowest rods, 3 in on centers, 12 in 
from surface 

Intermediate rods, 3 in on centers, 7 in 
from surface 

Upper rods, 6 in on centers, 2 in from 
surface 

For ten rods, total area of cross-section 

1 4 sq in; per square foot of sur¬ 
face, 4 78 lb 
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There are many compounds advertised to make cement or concrete water¬ 
proof. Besides these, there are water-proof cements manufactured by secret 
processes and applied by companies that make a specialty of waterproofing. 
Some of the many waterproofing-compounds have merit; but the main factors 
of a successful job of waterproofing are the skill and experience of the water- 
proofers who do the work. It is claimed that to apply cement waterproofing so 
as to obtain efficient results requires more skill than to apply a tar-and-felt seal; 
but a cement waterproofing, once properly applied, seems to possess some ad¬ 
vantages over the older method of tar and felt. One advantage is that the 
waterproofing is accessible, and that if any leaks develop, they are apparent and 
can be readily and economically repaired by cutting out the old waterproofing 
and placing a new coating where the damage exists. Another advantage claimed 
is that cement waterproofing is generally permanent and not damaged by the 
ordinary acids found in solution with water in soil. By the cement method 
the cost of the brick supporting walls and the concrete supporting slab is 
eliminated as is also the corresponding cost of the necessary excavation for 
them; and finally, the waterproofing on the floor serves the double purpose 
of waterproofing and wearing-surface, thus saving the cost of the cement 
finish usually found in basements and sub-basements. One of the disadvan¬ 
tages of cement waterproofing is that the material is rigid and is fractured by 
any settlement of the building or contraction in the concrete upon which it is 
placed. Experience has shown, however, that settlement-cracks usually take 
place before the waterproofing contractor has left the building and that there 
is little or no trouble from these causes after his work is completed. Con¬ 
traction-cracks in concrete, however, seem to develop at any time within 
twenty-four months after concrete has been placed. In order to prevent these 
cracks, users of the cement waterproofing have adopted a system of reinforce¬ 
ment in the concrete, and it is claimed that this reinforcement is, in the long 
run, an economy, as it permits of less concrete and gives a better and stronger 
floor or wall. On brick and stone walls no trouble is experienced from con¬ 
traction and expansion. It should be remembered that this work is all below 
grade where contraction and expansion are reduced to a minimum, regardless 
of the materials used. 

Waterproofing by Adding Substances to Cement. This is another method 
of waterproofing now being advocated by some. If this method could always 
be made efficient, it would be highly advantageous. It is claimed by the 
manufacturers of these compounds that in order to secure a waterproof- 
basement, for example, a certain percentage of the compound is to be mixed 
with the cement before it is incorporated in the concrete. The opponents of 
this method claim, however, that it is impossible to construct a basement in 
this way without incurring the danger of serious leaks at the joinings of one 
day’s work with that of another; that leakage at these points of cleavage may 
be increased by the use of waterproofing-compounds; and that their principal 
merit is that they produce a very dense mass of concrete. It is always difficult 
to bond old concrete to new, and if concrete is made water-proof, or, in other 
words, nonabsorbent, the difficulty of joining new concrete to a nonabsorbent 
mass of old concrete is increased. This method is effective, however, and is to 
be recommended in work which can be carried on without interruption, such, 
for instance, as small elevator-pits or small swimming-pools, where the con¬ 
crete can be started in the morning and completed by night or before any part 
of the work has had time to attain its initial set. 
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FORCE OF THE WIND 

Relation Between the Pressure and Velocity of Wind. Accordng to 
experiments made in 1890 or thereabouts, by C. F. Marvin, United States 
Signal Service, the relation between wind-pressure and velocity is given very 
accurately by the formula p « 0 004 V 2 , where p is the pressure in pounds per 
square foot on a flat surface normal to the direction of the wind, and V the 
velocity of the wind in miles per hour. Smeaton considered the pressure as 
equal to 0.005 V 2 . The following table, based on Marvin’s formula,* is 
quoted by Turneaurc and Ketchum.f 


Table Showing the Force of the Wind 


Miles per 
hour 

Feet per 
minute 

Feet per 
second 

Force, in 
pounds, per 
square foot 

Description 

1 

88 

1.47 

0 004 

Hardly perceptible 

2 

3 

176 

264 

2.93 

4 40 

0 014) 

0 036} 

Just perceptible 

4 

5 

352 

440 

5.87 

7.33 

0 064) 

0.1 s 

Gentle breeze 

10 

15 

880 

1 320 

14 67 

22 0 

0.4 ) 

0 9 } 

Pleasant breeze 

20 

2S 

1 760 

2 200 

29 3 

26.6 

1 6 1 

2 5 } 

Brisk gale 

30 

35 

2 640 

3 080 

44.0 

51.3 

3 6 ) 

4 9 j 

High wind 

40 

45 

3 520 

3 960 

58.6 

66.0 

6 4 ) 

8 1 } 

Very high wind 

50 

4 400 | 

73.3 

10.0 

Storm 

60 

70 

5 280 1 

6 160 

88.0 

102 7 

14 4 ) 

19 6 } 

Great storm 

80 

7 040 

117.3 

25 * ) 

Hurricane 

100 

8 800 

146.6 

40.0 } 


WIND-STRESSES IN TALL BUILDINGS % 

General Considerations. All buildings should have adequate provision for 
resisting wind-pressure. Walls, floors and partitions afford a certain amount 
of resistance, but, in high buildings, the thin walls and light partitions used in 
modern construction are insufficient for the purpose, and special provision to 
resist the stresses caused by wind should be made in the steel framing. 

Steel columns for tier buildings should be used in lengths of two or more 
stories and spliced with sufficient plates and rivets to make them continuous 
with respect to transverse bending. All column splices and the connections of 
girders and beams to the columns should be riveted. With a properly con- 

* If Marvin’s formula is written p = 0.0032 V 2 the values in this table will be slightly 
changed. The formula used by the United States Signal Service is P^= 0.004 V 2 . The 
true pressure is probably somewhere between 0.005 V 2 and 0.004 V 2 , near the former 
for very low velocities and near the latter for high velocities. 

f See, also, Trautwine’s Pocket-Book. 

t This article, with slight modifications, is taken by permission from Bethlehem Struc¬ 
tural Shapes, Bethlehem Steel Co., Bethlehem, Pa. 







2134 


Wind-Stresses in Tall Buildings 


[Part 3 


structed steel frame of this kind, (See Fig. 1) special wind-bracing will seldom 
be needed, unless the height of the building is more than twice its least base. 

Higher buildings will usually require wind-bracing of some form, and as it is 
seldom possible to use diagonal rods between the columns, other forms of 
bracing may be used. Bethlehem H columns afford every facility for the 
construction of an ideal steel frame for buildings. 

Unless specified otherwise by building codes, it is now considered good 
practice to provide for a horizontal wind-pressure of not less than 20 lb per 
sq ft on the vertical projection of exposed surfaces during erection, and 15 lb 
per sq ft on the vertical projection of the finished structure. 

The total live, dead and wind-loads should not produce stresses exceeding 
those of the combined dead and live loads by more than 33ly%. 

Wind increases the compression in the leeward columns, and also produces 
bending in the columns and girders, all of which effects must be considered. 

Exact methods, on account of their complexity, are rarely used for the cal¬ 
culation of wind-stresses in building frames. 

Several approximate methods are in use, and are based on the general 
assumption that a building bent acts as a cantilever beam fixed in the ground. 
The wind-loads are applied horizontally, and the transverse shear in any story 
is distributed among the columns of the bent. The direct and bending stresses 
in the columns and girders due to the wind-pressure are then found by the 
principles of statics. The variation in methods is due primarily to the different 
assumptions of shear distribution among the columns and the location of the 
points of contraflexure.* 

Cantilever Method. The cantilever method is representative of the 
approximate methods for calculating wind-stresses and, as modified below, 
is based on the following assumptions: (1) All columns in any given story 
have equal sections, and the direct stresses in the columns due to wind are 
proportional to the distances of the columns from the neutral axis of the bent; 
(2) the point of contraflexure of each column is at mid-height of the storv and 
the point of contraflexure of each girder is at its mid-length; (3) the resultant 
of the wind-pressure acting between two successive points of contraflexure is 
applied at the intersection of column and girder; (4) the joints are perfectly 
rigid. (See Fig. 2) 

Notation. A,' B, C, D, E, . . L, etc = spans, in feet. 

a, b , c, d, d/ etc. = Distances of columns Nos. 1, 2, 3, 4, 5, etc., from the 
neutral axis of bent, feet. 

H — distance from mid-height of the story under consideration to the top 
of the building, feet. 

hi = height of the story under consideration, feet. 

Aa = height of story above, feet. 



W — wind-load acting on height 11, pounds. 

P = wind-load acting on story height A, pounds. 

I — distance from mid-height of the story under consideration to the cen¬ 
ter of gravity of the wind-load W. 

Ma, Mb , Me, Md » etc. = bending moments at ends of girders in the corre¬ 
sponding spans A, B, C, D, etc., foot-pounds. 

Mi, M2, Ms, M4, etc. = bending moments of corresponding columns Nos. 1, 
2, 3, 4, etc., at top and bottom of story under consideration, foot-pounds. 

* Detailed descriptions of these methods may be found in current text-books. 
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Di, Z> 2 , Dn, D 4 , etc. = direct stresses in the corresponding columns Nos. 1, 
2, 3, 4, etc., in story under consideration, pounds. 




H 



Fig. 1. Typical Bethlehem H Column Wind-Bracing Connections 



Da, Db, Dc, Dd, etc. = direct stresses in the girders in the corresponding 
.spans A, B y C, D, etc., pounds. 
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Fig. 2. Wind-Stresses in Buildings 
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The direct stresses and bending moments due to wind are given in the 
formulas and tables on the following pages.* 

1. Unsymmetrical Building Bent. Varying or Uniform Wind-pressure. 

Most building codes specify a uniform wind-pressure for the full height of a 
building, but those of some cities, like Philadelphia and Boston, specify 
wind-pressures the magnitudes of which increase upwardly from a certain 
elevation. 

The general formulas given below will apply in any case, but their use will 
be greatly simplified if the wind-pressure is uniform, as generally specified. 
For uniform wind-pressure the lever arm, /, of the wind-load W becomes equal 
to half the height H. 

In order to find the bending moments and direct stresses due to the wind- 
load, proceed as follows: 

(1) Locate the position of the neutral axis of the bent, so that 

. = a' -}- 6' 4- c' -}- d' -f-. 

then calculate the quantity Q : 

Q = (a) 2 + (a') 2 + ( b ) 2 + C b ') 2 + (c) 2 -f (c') 2 + (d) 2 + (d') 2 +. 

(2) Calculate, for the floor under consideration, the constant factors p , q , r 
and /. 

_2Wh - Ph 2 _ Whi _ Wl 2 P 

P 4 Q Q 2 Wh - Ph 2 T Q ’ / Wh{ 

, __ W | Where the difference between h\ 
q 2 W — P { and h 2 is negligible. 

(3) Find the moments at the ends of the girders, as follows: 

M a — pAa 
Mb = pB (a + b) 

Me = pC (a + b + c) 

M& = pD (a ■+■ b + c ■+■ d) — pD ( a' -f* b f -f- c' -f- d') 

Me — pE (a + b c + d — d') — pE (a' + b' -b c') 


(4) Find the moments at the ends of the columns, as follows: 

Mi - qMa Mi = q (M A + Mb) M a = q ( Mb + M c ) 

Mi = q (M C + Md) M b = q (Md + Me) 

(5) Find the direct stresses in the columns, as follows* 

D\ = ra Di = rb D 3 — rc D± = rd D b = rd' 


(6) Find the direct stresses in the girders, as follows 

D A = P ~ tMi Db = Da - tMi D r = D B * tM z 

Dp = Dc tMi De — Dp — tM b 


The direct stresses in the columns are tensile (4-) on the windward side and 
compressive (—) on the leeward side of the neutral axis of the building bent. 

The direct stresses in the girders are compressive stresses. In stories for 
which P is the same, the direct stresses in corresponding girders are generally 
the same. 

•“Tables and Formulas for Wind Stresses in Office Buildings,” Engineering News- 
Record, Sept. 28, 1922. 
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2. Building Bent with Equal Spans, L. Uniform Wind-Pressure. 

Note: The wind load below the story under consideration does not affect 
the calculations and need not be uniform. If the story under consideration is 
below ground-level, where all or part of P — 0, use the formulas for varying 
wind-pressure. 

In order to find the bending moments and direct stresses due to the wind- 
load, proceed as follows: 

(1) Find the moments at the ends of the girders, taking the coefficients K\ 
from the table below. 

U = K\P (2 // - h 2 ) 


Number 

of 

Values of coefficients Ki 











spans 
in bent 

Span 

Span 

Span 

Span 

Span 

Span 

Span 

Span 

Span 

Span 


1 

2 

3 

4 

5 

0 

7 

8 

9 

10 


X 











x 

X 










$4 0 

ho 

? io 









$40 

9io 

9io 

$4 0 







5 

$i 40 

Mio 

?f40 

$140 

$1 40 






6 

H 18 

$112 

' i 12 

l, i 12 

$1 12 

$112 






$$ao 

H$36 

H$30 

1 iia 

J6 


$$<e 





$240 

$240 

$240 

*$240 

Hi »o 

$240 

$240 

i 240 



1 

%ao 

1 %00 

2 Xao 

2 $$oo 

2 $t.a<i 

24 /$oo 

2 J'080 

1 Vfieo 

$<»00 


10 

$4 40 

9 140 

*$440 

Hi 40 

Huo 

H 140 

H*»o 

Hl40 

$410 

$140 


(2) Find the moments at the ends of the columns, taking the coefficients 
K 2 from the table below. 

M = K 2 Whi 


Number 

Values of coefficients K 2 

spans 
in bent 

Col. 

Col. 

Col. 

Col. 

Col. Col. 

Col. 

Col. 

Col. Col. 

Col. 


1 

2 

3 

4 

5 0 

7 

8 

9 10 

11 

1 

X 

X 








2 

X 

X 

X 







3 

Ho 

ho 

$10 

3 10 






4 

$10 

$io 

$io 

$,o 

$io 





5 

$iio 

Mir 

17 /uo 

Hi io 

Mi $i4o 





6 

Ml 2 

$112 

Hi 12 

Hi 12 

Hii2 K i 12 

J i 12 




7 

$$36 

H$.'C 

2 $$t6 

3 Hio 

Hfue 

.0 

$$36 



8 

$$40 

1 $240 

1 $$40 

Hi 40 

*$$40 1 $240 

lr, 240 

H$40 

$$40 . . . 


9 

$$60 

2 $<}«0 

3 $ti0O 

4 $$eo 

4 9$e> 4 $6flo 

4 $o00 

H$60 

2 $$00 $$00 


10 

$410 

* $440 

2 $ 140 

2 $ 4 4 0 

2$ 140 3 $ 140 

2?440 

2$ 140 

Hi 40 Hut 

$440 
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(3) Find the direct stresses in the columns, taking the coefficients K z from 
the table below. 


Number 

of 

Values of coefficients K3 












spans 
in bent 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 


1 

2 

3 

4 

5 

6 

7 

3 

9 

10 

11 

1 

H 

- J 2 










2 

H 

0 

~y< 









3 

Ho 

ho 

—ho 

— ho 








4 

Ho 

ho 

0 

— ho 

-ho 







5 

Ho 

Ho 

h'0 

—ho 

—ho 

-Mo 






6 

Ho 

He 

he 

0 

-ho 

— he 

—ho 





7 

M«8 

Hi as 

916 s 

Mo. 

-HU 

-Mos 

-Mr,8 

—Mosi 




8 

M 20 

H20 

HU 

M 20 

0 

— M 2 j 

-M 20 

-Mao 

— 1 120 



9 

M»30 

H 0 

5a <o 

H jo 

Va m 

“hi 0 

—hi 0 

—Mho 

— hio 

— hio 


10 

hao 


hao 

h20 

h20 

0 

— h2o 

-ha 0 

— h‘20 

—9220 

—h20 


The direct stresses in the columns are tensile (+) on the windward side and 
compressive ( —) on the leeward side of the neutral axis ot the building bent. 


(4) Find the direct stresses in the girders, taking the coefficients K A from 
the table below. 

D = K<P 


Number 

of 

Values of coefficients K 4 











spans 
in bent 

Span 

Span 

Span 

Span 

Span 

Span 

Span 

Span 

Span 

Span 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 











2 

H 

x i 









3 

1 ho 

^20 

ho 








4 

l Ho 

‘ho 

ho 








5 

J ho 

*ho 

‘ho 

‘ho 

ho 






6 


‘ho 

HU 

HU 

HU 

Ha 





7 

la Mos 

“Mos 

U M08 

Hies 

5 Mfl 8 

2 'M08 

MOS 




8 

"Mao 

‘ ®M 20 

8 h20 

7 <HU 

3 Mao 

3 M 20 

‘M 20 

M20 



9 

, 2 M» m 

2 ' M h 10 


31 Mno 

lr >h »o 

‘h$J0 

7 h*o 

} hio 

JO 


10 

3l ?220 

2 °h*20 

18 hao 

l HUo 

l2 h20 

3 h20 

0^20 

4 9 U 20 

‘hao 

h20 


The direct stresses in the girders arc compressive stresses. In stories for 
which P is the same, the direct stresses in corresponding girders arc the same. 

Building Bent with Equal Spans, L. Uniform Wind-Pressure. Example. 

The direct wind-stresses in the columns and girders and the bending moments 
at their ends are required for a building bent. The building consists of 20 
stories and a pent-house above ground, and a basement and sub-basement 
below, and is subjected to a wind-load of 15 lb per sq ft of exposed surface. 
The building bents, each consisting of three equal spans, L, between columns, 
are spaced 18 ft apart. The story heights are shown in the table below. 
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Computation of Wind-Stresses 


Story 

considered 


Heights, 

in feet 



Wind-loads, 

pounds 

Story 

con¬ 

sidered 

hi 

Story 

above 

h2 

Aver¬ 
age of 

h 

To top 
of 

building 

H 

2 H 

2H-h 2 

P 

W 

Pent house 

12 

0 

6 


6 


12 

12 

1 620 

1 620 

20th 

10 

12 

11 


17 


34 

22 

2 970 

4 590 

19th 

10 5 

10 

10 

25 

27 

25 

54 5 

44 5 

2 770 

7 360 

18th 

10.5 

10 5 

10 

5 

37 

75 

75.5 

65 

2 840 

10 200 

17th 

11 

10 5 

10 

75 

48 

5 

97 

86.5 

2 900 

13 100 

16th 

11 

11 

11 


59 

5 

119 

108 

2 970 

16 070 

15th 

11 

11 

11 


70 

5 

141 

130 

2 970 

19 040 

14th 

11 

11 

11 


81 

5 

163 

152 

2 970 

22 010 

13th 

11 

11 

11 


92 

5 

185 

174 

2 970 

24 980 

12 th 

11 

11 

11 


103 

5 

207 

196 

2 970 

27 950 

11th 

11 

11 

11 


114 

5 

229 

218 

2 970 

30 920 

10th 

11 

11 

11 


125 

5 

251 

240 

2 970 

33 890 

9th 

11 

11 

11 


136 

5 

273 

262 

2 970 

36 860 

8th 

11 

11 

11 


147 

5 

295 

284 

2 970 

39 830 

7th 

11 

11 

11 


158 

5 

317 

306 

2 970 

42 800 

6th 

11 

11 

11 


169 

5 

339 

328 

2 970 

45 770 

5th 

11 

11 

11 


180 

5 

361 

350 

2 970 

48 740 

4th 

11 

11 

11 


191 

5 

383 

372 

2 970 

51 710 

3rd 

11 

11 

11 


202 

5 

405 

394 

2 970 

54 680 

2nd 

9 

11 

10 


212 

5 

425 

414 

2 700 

57 380 

1st 

16 

9 

12 

5 

225 


450 

441 

3 380 

' 

60 760 

Basement 

9 

16 

12 

5 

237. 

5 



2 160 

62 920 

Sub-basement 

8 

9 

8 

5 

246 




0 

62 920 


Ma = Me = (2 II - hi) Ml = M t = -V/<i 

40 40 

Mb = ~P (2 II - h) M, = Mi - —IVki 
40 40 

a = a' = 24.75 ft. a 2 = 612 5625 

b = b' = 8.25 ft. 6 2 = 68 0625 

a 2 + Z> 2 = 680 625 = ^ 


Q = 1361 25 
4 Q = 5445 


D k = -D< = 

Dz = — £>3 = 

= 

Db = 
D C — 


20 L 

Uv” 

20 L 

—i> 

20 

L°p 

20 


2Q 


Story 

2 Wh 


sjlllll 



H 

D 

B 

Dl 

Basement 

Sub-basement 

1 573 000 
1 070 000 

34 560 
0 

l 538 000 
1 070 000 

121 
129 5 

566 300 
503 400 

282 5 
196.4 

3681 

.4706 

5593 

5986 

.00763 

0 


•Formulas for p, q, r, and < are given under “Unsymmetrical Building Bent 
Varying or Uniform Wind-Pressure.” 
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Bending moments 
thousands of foot-pounds, 
at ends of 

Direct stresses, 
thousands of pounds 


Story 

considered 

Girders 

Columns 

Columns 

Girders 

Ma=Mc 

Mb 


a/ 2 =a/ 3 

Di = -D a 

O2 = D3 

Da 

B 

DC 


1 5 

1 9 

1 5 

3 4 

.1 

HI 

1.4 

8 

.2 

Pent-house 

4 9 

6 5 

3.4 

8 0 

.7 

.2 

2 5 

1 5 

.4 

20th 

9.2 

12.3 

5 8 

13.5 

1.8 

.6 

2.4 

1.4 

.4 

19th 

13 8 

18.4 

8 0 

18.7 

3.5 

1.2 

2 4 

1.4 

.4 

18th 

18 8 

25.1 

10 8 

25 2 

5 8 

1.9 

2 5 

1.5 

.4 

17th 

24 1 

32 1 

13 3 

30 9 

8 7 

2.9 

2 5 

1.5 

.4 

16th 

29 0 

38 6 

15 7 

36 C 

12 2 

4 1 

2 5 

1 5 

.4 

15th 

33.9 

45.1 

18 2 

42.4 

16 3 

5.4 

2 5 

1 5 

4 

14th 

38.8 

51 7 

20.6 

48.1 

21 0 

7.0 

2 5 

1 5 

4 

13th 

43.7 

58 2 

23 1 

53.8 

26 3 

8 8 

2.5 

1.5 

4 

12th 

48.6 

64.7 

25.5 

59.5 

32.2 

10.7 

2.5 

1 5 

.4 

11th 

53.5 

71.3 

28 0 

65 2 

38.7 

12.9 

2 5 

1.5 

.4 

10th 

58.4 

77.8 

30 4 

70 9 

45.7 

15.2 

2.5 

1.5 

.4 

9th 

63 3 

84 3 

32 9 

76.7 

53 4 

17.8 

2 5 

1 5 

4 

8th 

68 2 

90 9 

35.3 

82 4 

61 7 

20.6 

2 5 

1 5 

.4 

7th 

73 1 

97 4 

37 8 

88.1 

70 5 

23 5 

2.5 

1.5 

.4 

6th 

78.0 

104.0 

msSm 

93.8 


26 7 

2 5 

1.5 

.4 

5th 

82.9 

110 5 

42.7 

99.5 

90 0 

30 0 

2.5 

l s 

.4 

4th 

87.8 

117.0 

45 1 

105.3 


33.6 

2 5 

1 5 

.4 

3rd 

83 8 

111 8 

38 7 

90 4 


36 9 

2.3 

1 4 

.4 

2nd 

111.8 

149 1 

72 9 

170 1 

124 3 

41 4 

2 9 

1 7 

.5 

1st 

115.4 

153.8 

42 5 

99.1 

138 4 

46. 1 

1 8 

1 1 

3 

Basement 

80 2 

107 0 

37.7 

88 1 

148 1 

40.4 

0 

0 

0 

Sub-basement 


For all floors above ground the formulas and coefficients given in the tables 
under “2. Building Bent with Equal Spans, L. Uniform Wind-Pressure” are 
applicable. For the basement and sub-basement the basic formulas under 
“1. Unsymmetrical Building Bent. Varying or Uniform Wind-Pressure” 
have been used. 

The exposed area for any story equals the product of the average story 
height, h f by the distance center to center of bays. The wind load, P, at each 
floor is obtained by multiplying the exposed area by the unit wind-pressure; 
hence P = 18 X h X 15 = 270 h. The total wind-load, IF, is obtained by 
adding the values of P, down to and including the story under consideration. 
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HORSE-POWER, PULLEYS, GEARS, BELTING 
AND SHAFTING 

Horse-Power. A horse can travel 400 yd at a walk in 4)^ min, at a trot in 

2 min, and at a gallop in 1 min; he occupies at a picket 3 ft by 9 ft; and his 
average weight is 1 000 lb. An average horse carrying 225 lb can travel 
25 miles in a day of 8 hr. A draught-horse can draw 1 600 lb 23 miles a day, 
weight of carriage included. In a horse-mill a horse moves at the rate of 

3 ft in a second. The diameter of the track should not be less than 25 ft. 

A Horse-Power, in Machinery, is estimated at 33 000 lb, raised 1 ft in a 
minute; but as a horse can exert that force but 6 hr a day, one machinery 
horse-power is equivalent to that of four hourses. 

Rules to Determine the Size and Speed of Pulleys or Gears. The driving- 
pulley is called the driver, and the driven pulley the driven. If the number 
of teeth in the gears are used instead of the diameter, in these calculations, 
number of teeth must be substituted wherever diameter occurs. 

(1) To Find the Diameter of the Driver, the diameter of the driven and its 
revolutions, and also revolutions of driver, being given. Multiply the diame¬ 
ter of the driven by its revolutions, and divide the product by the revolutions 
of the driver; the quotient will give the diameter of the driver. 

(2) To Find the Diameter of the Driven, the revolutions of the driven, also 
the diameter and revolutions of the driver, being given. Multiply the diam¬ 
eter of the driver by its revolutions, and divide the product by the revolutions 
of the driven; the quotient will give the diameter of the driven. 

(3) To Find the Revolutions of the Driver, the diameter and revolutions of 
the driven, also the diameter of the driver, being given. Multiply the diame- 
eter of the driven by its revolutions, and divide the product by the diameter 
of the driver; the quotient will give the revolutions of the driver. 

(4) To Find the Revolutions of the Driven, the diameter and revolutions of 
the driver, also the diameter of the driven, being given Multiply the diam¬ 
eter of the driver by its revolutions, and divide the product by the diameter of 
the driven; the quotient will give the revolutions of the driven. 

Horse-Power Transmitted by Belting. The efficiency of belting to trans¬ 
mit power, or to turn a wheel or pulley, depends upon the width and thickness 
of the belt, the arc-contact with the pulley, the position of the belt, whether 
horizontal, vertical, or at an angle, and the velocity. The greater the velocity 
and the thicker or wider the belt, the more power it will transmit. A belt 
running vertically or inclined will transmit less power than one running hori¬ 
zontally, but in figuring the horse-power capacity of belting only the velocity, 
width and thickness of belt are usually considered, it being assumed that the 
pulleys are of proper size and located so that the belt will be nearly horizontal. 
Belts are commonly assumed to be of leather, unless otherwise designated. 
The term single belt is used to designate a belt made of a single thickness of 
leather. A double belt or a triple belt is made by cementing together two 
or three thicknesses of leather. The standard average thickness of single 
belts are and ? {e in, and the standard average thicknesses of double 

belts are He and % in. 

Notes on Belting. For continuous use a double belt is the most economical 
in the long run, except on very small pulleys or for very light duty. Triplex 
and quadruple belts are sometimes used for very heavy duty, but such belts are 
not commonly carried in stock. Single belts should always be used with the 
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hair-side next the pulley. The belt-speed for maximum economy should be 
from 4 000 to 4 500 ft per minute. Idler-pulleys work most satisfactorily 
when located on the slack side of the belt about one-quarter way from the 
driving-pulley. 

The best method of installing a leather belt is to splice and cement the ends 
together, and this method should always be used for electric motor or generator 
installations as well as for all wide belts or heavy drives. For all other cases 
the ends may be fastened with hooks or lacing. Belts should be inspected 
at regular intervals and given any necessary attention or repairs. 

Distance from Center to Center of Shafts.* In locating shafts that are 
to be connected with each other by belts, care should be taken to separate 
them by a proper distance. This distance should be such as to allow a gentle 
sag to the belt when in motion. 

Rule. A general rule may be stated thus: Where narrow belts are to be 
run over small pulleys, 15 ft is a good average, the belt having a sag of from 
\]/2 to 2 in. The minimum distance between shafts is about 10 ft. For 
larger belts, working on larger pulleys, a distance of from 20 to 25 ft does well, 
with a sag of from 2^2 to 4 in. For main belts, working on very large pulleys, 
the distance should be from 25 to 30 ft, the belts working well with a sag of 
from 4 to 5 in. If too great a distance is attempted, the belt will have an 
unsteady flapping motion, which will destroy both the belt and the machinery. 


The Horse-Power that Shafting will Transmit 


Diameter of shaft 

Revolutions per minute 

100 

150 

200 

250 

300 

350 

400 

in 

16th 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 


15 

1 2 

1 7 

2 4 

3 1 

3 6 

4 3 

5.0 

1 

3 

2. 1 

3 7 

4 9 

6 1 

7.3 

8.5 

9.7 

1 

7 

4.3 

6 4 

8 5 

10.5 

12.7 

14 8 

16.9 

1 

11 

6 7 

10 1 

13 4 

16.7 

20 1 

23.4 

26.8 

1 

15 

10 0 

15 0 

20.0 

25.0 

30 0 

35 0 

40.0 

2 

3 

11 3 

21 4 

21 5 

35 6 

42 7 

49 8 

57.0 

2 

7 

19 5 

29 3 

39 0 

48.7 

58.5 

68 2 

78.0 

2 

11 

■ 

39 0 

52.0 

65.0 

78.0 

87.0 


2 

15 

33.8 

50 6 

67.5 

84.4 

101.3 

118 2 

135.0 

3 

3 

43.0 

64 4 

85.8 

107.3 

128.7 

150.3 

171.6 

3 

7 

53 6 

79.4 

107.2 

134 0 

158.8 

187 6 

214.4 

3 

11 

65 9 

! 97 9 

121 8 

164.8 

195 7 

230.7 

243.6 

3 

15 

■:i«l 

120 0 

160 0 

200 0 

240 0 

280.0 

320.0 

4 

7 

113 9 

170.8 

227 8 

284.7 

341 7 

398 6 

455.6 

4 

15 

156 3 

234.4 

312.5 

390.6 

468 7 

546 8 

625 0 


Arrangement of Belts and Pulleys.t If possible to avoid it, connected 
shafts should never be placed one directly over the other, as in such case the 
belt must be kept very tight to do the work. For this purpose belts should be 


• For a discussion of belting, belt-dressing, care of belting, shafting, etc., see Kent's 
Mechanical Engineers’ Pocket-Book. 

t See Kent’s Mechanical Engineers’ Pocket-Book. 
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carefully selected of well-stretched leather. It is desirable that the angle of 
the belt with the door should not exceed 45°. It is also desirable to locate the 
shafting and machinery so that belt3 wdl run'off from each shaft in opposite 
directions, as this arrangement will relieve the bearings from the friction that 
would result if all pulled one way on the shaft. If possible, machinery should 
be so placed that the direction of the belt-motion will be from the top of the 
driving to the top of the driven pulley, so that the sag will increase the arc of 
contact. The pulley should be a little wider than the belt required for the 
work, and should have a crowning face, except where the belt is to be shifted. 
The motion of driving should run with and not against the laps of the belts. 

Rubber Belts are cheaper than leather belts but they are not as durable. 
They should always be kept free from grease or animal oils. If they slip, 
their inside surfaces should be moistened with boiled linseed-oil. Some fine 
chalk, sprinkled on over the oil, will help the belt. 

Rule for Finding the Lengths of Belts. Add the diameter of the two 
pulleys together, multiply by 3}^, divide the product by 2, add to the quotient 
twice the distance between the center of the shafts, and the sum will be the 
required length when the pulleys are of equal diameter. 


CHAIN-BLOCKS, HOISTS, HOOKS, ETC. 

General Description. These are portable hoisting-devices which enable one 
man to raise a very heavy load and which sustain the load at any point. In 
general, they resemble pulleys operated by chains. Since the invention of the 
differential pulley-block by T. A. Weston, about the year 1863, chain-blocks 
have come into very general use for economical hoisting, particularly where it is 
desired to hold the load at any point. Chain-blocks are of three general 
classes: 

(1) The Differential Block. This is the original and the simplest and cheap¬ 
est form of self-sustaining pulley; 

(2) The Screw-Block or Worm-Geared Block. Of these, the Yale & Towne 
duplex block is an efficient type; 

(3) The Triplex Block. This is spur-geared. 

Differential and worm-geared blocks of all kinds depend upon friction to 
prevent the load from running down. In the triplex block a separate device is 
introduced which automatically holds the load safely, and yet enables it to be 
lowered with slight effort and at high velocity but without acceleration or 
danger. This is the most efficient of all chain-blocks, and the most economical 
wherever quick work is wanted and economy in time and labor sought. For 
information as to the kind of block best adapted to any particular service, the 
manufacturers should be consulted. The following data on the power and 
efficiency of chain-blocks were supplied by the Yale & Towne Manufacturing 
Company. 

Power and Efficiency of Chain-Hoists. The table below gives the work 
to be done by the operator at the hand-pulling chain with each size of the 
various kinds of chain-blocks in lifting the stated capacity, that is, the amount 
of work or pulling required to lift this load one foot by stating the force 
exerted in pounds and the distance in feet of operating-chains to be pulled. 
The product of these two factors determines the efficiency of the block and the 
ease and speed of hoisting. The 12,16, and 20-ton-capacity chain-blocks have 
each two hand-chains. 
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Work Done by Operator with Chain "-Blocks 


Capacity, 

tons 

Triplet 
spur-geared, 
lb ft 

Duplex 
worm-geared, 
lb ft 

Differential, 
lb ft 

>2 

62 X 21 

68 X 40 

122X24 

1 

82 X 31 

87 X 59 

216X30 


110X 15 

94 X 80 

246X36 

2 

120 X 42 

115 X 93 

308X42 

3 

114 X 69 

132X126 

557X38 

4 

124 X 84 

142X155 


5 

110X126 

145 X195 

. < 

6 

130X 126 

145X252 


8 

135X168 

160XH0 


10 

140X210 

160X390 


12 

130X 126 



16 

135X168 



20 

140X210 




The capacities are given in tons. The figures give the number of feet to 
be operated on each hand-chain. A man cannot pull more than his own 
weight on the operating chains, and can pull faster in proportion as the pull 
required is lighter. The maximum pull usually required of one man is 82 lb, 
and he will do more work with less fatigue if the hand-chain pull is not over 
40 lb, because he can then puli the chain hand over hand a little more than 
twice as fast as he could when pulling twice as hard. When the hand-chain 
pull is less than 20 lb the speed of hoisting an equal load is diminished, because 
the man is tired by moving his arms too rapidly, and cannot do as much work 
as with a heavier pull. The best result is obtained by using a chain-block 
which has a capacity of double the usual load. The operator then works to 
the best advantage with average loads, 
and occasional heavy loads are easily 
handled without overstiaining either the 
operator or the chain-block, which 
should never be used beyond its capacity 
for fear of stretching the chain so that 
it will not work smoothly. 

Proportions of Hooks.* For economy 
of manufacture hooks of different sizes 
are made from some regular commercial 
sizes of round iron. The basis, or initial 
point, in each case is, therefore, the size 
of the iron of which the hook is to be 
made, and it is indicated by the dimen¬ 
sion A in the diagram. The dimension 
D is arbitrarily assumed. The other 
dimensions, as given by the formulas, 
are those which, while preserving a 
proper bearing face on the interior of the hook for the ropes or chains which 
may be passed through it, give the greatest resistance to spreading and to 
ultimate rupture which the amount of material in the original bar admits of. 

• By Henry R. Towne, in his Treatise on Cranes, which includes the results of an ex¬ 
tensive experimental and mathematical investigation. 
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The symbol A is used in the formulas to indicate the nominal capacity of 
the hook in tons of 2 000 lb. The formulas which determine the lines of 
the other parts of the hooks of the severalr sizes are as follows, all the 
measurements being expressed in inches: 


D - 0.5 A 4- 1.25 
E - 0.64 A + 1.60 
F - 0 33 A + 0.85 
II - 1.08 A 
I - 1.33 A 
J - 1.20 A 
K - 1.13 A 


G - 0.75 D 
O - 0.363 A + 0.66 
Q - 0.64 A + 1.60 
L - 1 05 A 
M * 0.50 A 
N =* 0.85 B - 0.16 
U = 0.866 A 


Example. To find the dimension D, for a 2-ton hook. The formula is: 


D = 0.5 A + 1.25 

and as A =* 2, the dimension D by the formula is found to be 2^ in. The 
dimensions A are necessarily based upon the ordinary merchant sizes of 
round iron. The sizes which it has been found best to select are the following: 

Capacities of hooks H ^ 1 2 3 45 6 8 10 tons 

Dimension A.,. . % *>{ 6 H VU Vi Vi Vi 2 2 lV 2 2% 3^ in 

The formulas which give the sections of the hook at the several points are 
all expressed in terms of A, and can therefore be readily ascertained by refer¬ 
ence to the foregoing scale. 

Example. To find the dimension /, in a 2-ton hook. The formula is: 

/ - 1.33 A 


and for a 2-ton hook, A — Vi'm. Therefore /, in a 2-ton hook, is found to be 

l 1 *^ in. 

Maimer of Failure of Hooks. Experiment has shown that hooks made 
according to the above formulas will give way first by the opening of the jaw, 
which, however, will not occur except with a load much in excess of the nominal 
capacity of the hook. This yielding of the hook when overloaded becomes a 
source of safety, as it constitutes a signal of danger which cannot easily be over¬ 
looked, and which must proceed to a considerable length before rupture occurs 
and the load is dropped. A comparison of these hooks with most of those in 
ordinary use shows that the latter are, as a rule, badly proportioned, and fre¬ 
quently dangerously weak. 
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Dimensions and Weights of Church-Bells 

Manufactured by Meneely Bell Company, Troy, N. Y. 


Beils 

Mountings 

Weights, 

lb 

Medium 

tones 

Diameters, 

in 

Sizes of frames, 
outside, 
in 

Diameters of 
wheels, 
ft in 

400 

D 

27 

42X42 

4 

4 

450 

C* 

28 

42X42 

4 

4 

500 

C 

29 

45X47 

4 

4 

550 

C 

30 

45X47 

4 

4 

600 

B 

31 

45X47 

4 

9 

700 

B 

33 

48X48 

5 

6 

800 

Bb 

34 

48X54 

5 

6 

900 

A 

36 

54X54 

5 

9 

1 000 

A 

37 

54X54 

5 

9 

1 100 

A 

38 

54X59 

5 

9 

1 200 

Ab 

39 

56X59 

6 

3 

1 300 

Ab 

40 

56X59 

6 

3 

1 400 

G 

41 

60X60 

6 

6 

1 500 

G 

42 

60X60 

6 

6 

1 600 

G 

43 

60X60 

6 

6 

1 800 

F* 

45 

65X68 

7 


2 000 

F 

46 

65X68 

7 


2 100 

F 

47 

65X68 

7 


2 300 

E 

49 

70X72 

7 

6 

2 500 

E 

50 

70X72 

7 

6 

2 800 

Eb 

51 

74X78 

8 


3 000 

Eb 

53 

74X78 

8 


3 500 

D 

56 

74X78 

8 

6 

4 000 

C3 

58 

78X81 

9 


4 500 

C 

61 

78X81 

9 


5 000 

C 

63 

84X84 

9 


5 500 

B 

65 

84X84 

9 


6 000 

Bb 

67 

84X84 

9 

6 

6 500 

Bb 

68 1 

90X90 

9 

6 

7 000 

Bb 

69 

101X90 

9 

6 


Meneely School-Bells 


Bells 

Mountings 

Weights, 

Diameters, 

Sizes of frames. 

outside. 

lb 

in 

ft in ft in 

100 

17 

2 6X28 

125 

18V$ 

2 6X28 

150 

I9\i 

2 6X28 

200 

2 VA 

2 8X30 

250 

23 

3 0X32 

300 

24 H 

3 0X34 

350 

26 

3 0X34 
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Date 

Actual 

Key- 

Diam- 

Sound-bow 

Weight, 

Names and locations 

cast or 

vibra- 

eter, 



of bells 

erected 

tion 

note 

in 

Inches 

Stroke 

lb 

Moscow, Tzar Kolokol 

1733 

74 

D 

272 

23 

0 84 

443 772 

Burmah, Mingoon. . 


94 

F# 

203? 

16? 

0.80 

201 600 

Moscow, St. Ivan’s. 

1819 

105 

G# 

185 

14.75 

0.80 

127 350 

Peiping, Great Bell. 




156 



120 000 

Burmah, Maha Ganda. . 


125 

B 

155 

12.5 

0.80 

95 000 

Nishni Novgorod 


125 

B 

151 

12 

0.80 

69 664 

Moscow, Ch. of Redeemer 

1879 

141 

c ft 

136 3? 

10.6 

0.80 

60 736 

Nankin, China. 

New York, Riverside 




112 



45 000 

Baptist Church. . . . 

1930 


C 




40 926* 

Olmutz, Bohemia. 


157 

Eb 

121 

9 125 

0 75 

40 320 

Vienna, Austria . 
Philadelphia, Wanamaker 

1711 

157 

Eb 

118 

9.5 

0 80 

40 200 

Memorial. 

Chicago University 

1926 


D 

c# 

114 



38 640 

Chapel. . . 

1930 





38 080* 

London, St,. Paul’s... . 

1881 

157 

Eb 

114.25 

8.75 

0 76 

37 483 

Westminster, London 

1856 

166 

E 

113 5 

9.375 

0.83 

35 620 

Erfurt, Saxony. 

1487 

176 

F 

103.6 

9.75 

0 75 

30 800 

Notre Dame, Paris. . . 

1680 

166 

E 

103 

7.5 

0 73 

28 670 

Montreal, Canada . . 

1847 

176 

F 

103 

7.8 

0 76 

28 560 

York, England. 

1845 

187 

F# 

100 

8 

0.80 

24 080 

Mountain Lake, Florida. 
Nottingham City Ex- 

1929 


Eb 




23 246* 

change .... 
Ottawa, Canada Peace 







23 211 

Tower, Parliament 

Houses.. . . 

1927 


E 




22 400* 

Bristol University. . 







21 448 

St. Peter’s, Rome. 

1786 

187 

F# 

97.25 

7.5 

0 77 

18 000 

Great Tom, Oxford. 

1680 

210 

G# 

84 

6.125 

0.73 

17 024 

Cologne, Germany.... 

1477 

198 

G 

95 

7.2 

0.76 

16 016 

Brussels, Belgium.... 
Beverly Minster.... 
Shanghai, Custom House 
New Haven Yale Umv 

. 

210 

G# 

95.81 

7.75 

0.71 

15 848 
15 765 
14 000 
13 496 

State House, Philadelphia 
Princeton, Cleveland 

1875 

198 

G* 

88 

6^375 

0.73 

13 000 

Tower. ... 

Netherlands, ’s Hertog- 

1927 


G 




12 888* 

enbosch. 

1925 






12 100* 

Lincoln, England. . 
Cohasset, Mass., St. 

1834 

210 

G# 

82*85 

6* 

0.73 

12 096 

Stephen’s Church. 

St. Paul’s, London.. . 
Wellington, New Zealand 

1928 


G 




11 760* 

1716 

222 

A 

81 

6.08 

0 75 

11 500 



G# 




11 200* 

Albany, N Y., City Hall. 
Indianapolis, Ind , Scot¬ 
tish Rite Cathedral. 

1927 


G 




11 200* 

1929 


G 




11 200* 

Durham, N. C , Univer¬ 








sity Chapel. 

1931 


G# 




11 200* 
10 080 

Exeter, England.... 

1675 

210* 

76 

5* * * 

o! 66 

St Helen’s, Leicestershire 

1929 


G# 




10 000* 

Old Lincoln, England. 
Sydney University, Aus¬ 

1610 

249 

B 

G# 

75 5 

5.94 

0.78 

9 856 

tralia 

Loughborough War Me¬ 

1928 





9 455* 


morial, England 
Rotterdam Town Hall .. 

1923 






9 284* 

1921 






9 226* 


Largest bell o! a carillon. 









Symbols for the Apostles and Saints 


2149 


SYMBOLS FOR THE APOSTLES AND SAINTS 

From the cqpstant occurrence of symbols in the edifices of the Middle Ages 
and many of the cathedrals of the present day, the following list of symbols, as 
commonly attached to the apostles and saints, may be found useful: 


Holy Apostles 

St. Peter. Bears a key, or two keys with different wards. 

St. Andrew. Leans on a cross so called from hi m; called by heralds the saltire. 
St. John the Evangelist. With a chalice, in which is a winged serpent. When 
this symbol is used, the eagle, another symbol of him, is never given. 

St. Bartholomew. With a flaying-knife. 

St. James the Less. A fuller’s staff bearing a small square banner. 

St. James the Greater. A pilgrim’s staff, hat and escalop-shell. 

St. Thomas. An arrow, or with a long staff. 

St. Simon. A long saw. 

St. Jude. A club. 

St. Matthias. A hatchet. 

St. Philip. Leans on a spear or has a long cross in the shape of a T. 

St. Matthew. A knife or dagger. 

St. Mark. A winged lion. 

St. Luke. A bull. 

St. John. An eagle. 

St. Paul. An elevated sword, or two swords in saltire. 

St. John the Baptist. An Agnus Dei. 

St. Stephen. With stones in his lap. 

Saints 

St. Agnes. A lamb at her feet. 

St. Cecilia. With an organ. 

St. Clement. With an anchor. 

St. David. Preaching on a hill. 

St. Denis. With his head in his hands. 

St. George. With the dragon 

St. Nicholas With three naked children in a tub, in the end whereof rests his 
pastoral staff. 

St. Vincent. On the rack. 
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THE AMERICAN INSTITUTE OF ARCHITECTS 

1. DOCUMENTS OF A PERMANENT NATURE-TITLES AND PRICES 

The following documents are published by the American Institute of 
Architects, The Octagon, 1741 New York Ave , Washington, D. C., and may 
be obtained by addressing the Executive Secretary. 


The Octagon, A Journal of The American Institute of Architects, Yearly.$ 1.00 

The Monograph on The Octagon ... . 

(Thirty Drawings, 12 by 18, Photographs and Text). IS 00 

The Handbook of Architectural Practice. 5.00 

The Standard Contract Documents— 

Agreement and General Conditions in Cover. . .25 

General Conditions without Agreement. 18 

Agreement without General Conditions. . .07 

Bond of Suretyship. .05 

Form of Subcontract. .05 

Letter of Acceptance of Subcontractor’s Proposal. . .05 

Cover (heavy paper, with valuable notes) ... . .01 

Complete set in Cover. 40 

Review of the Standard Documents. 1 00 

Agenda for Architects. 40 

The Standard Form of Agreement between Owner and Architect 

(Percentage Basis) . .05 

A Form of Agreement between Owner and Architect (Fee Plus Cost System)... .05 

A Circular of Information on the Fee Plus Cost System of Charges 

(Explanatory of Owner-Architect Agreement on fee plus cost basis).. .03 

A Form of Agreement between Owner and Contractor (Cost Plus Fee Basis) ... .10 

Circular of Information Relative to Cost Plus Fee System of Contracting 

(Explanatory of Contractor-Owner Agreement on cost plus fee basis) . .06 

Standard Form of Competition Program ... 10 

A Circular of Advice and Information Relative to Architectural Competions ... Free 
Architectural Competitions—The Duties of the Professional Adviser and of the 

Jury. Free 

Proceedings of the Convention Free 

Annuary to Institute Members . Free 

To Commercial Firms. . . $5 00 

Circular on Functions of the Institute. Free 

Manual of the Institute. . ... Free 

Circular on the Functions of the Architect. .$0 03 

Classes of Memberships and Affiliations—Institute and Chapters . . Free 

Circular of Information Concerning Requirements for Institute Membership Free 
Circular of Information Concerning Requirements for Chapter Associateship.... Free 

Circular of Information Concerning Requirements for Juniorship . _ Free 

Constitution and By-laws. Free 

Standard Form of Chapter Constitution and By-laws. ... . Free 

A Circular of Advice Relative to Principles of Professional Practice, The Canon of 

Ethics. Free 

Schedule of Proper Minimum Charges ... . $0 02 

Circular Relative to the Size and Character of A Ivertising Matter . Free 

Standard Symbols for Wiring Plans . Free 

The Plan of the Federal City.... . Free 

Model Registration Law. Free 

Cubic Contents of Buildings. . Free 

Standard Filing System (For Information on Building Materials and Appliances) 90 50 

Alphabetical Index to Standard Filing System .50 

Combined Filing System and Index. 1.00 
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2. PROFESSIONAL PRACTICE OF ARCHITECTS * 

Details of Service to be Rendered and Schedule of Proper M inimum 
Charges. Art. VI of the Constitution of The American Institute of Architects 
is as follows. The Institute shall from time to time adopt a Code or Codes, 
which shall be standards of professional practice, and it may from time to 
time recommend a Schedule of Professional Charges, complying with good 
practice and custom, but such a .Schedule shall not be made mandatory. 

1. The Architect’s professional services consist of the necessary conferences, 
the preparation of preliminary studies, working drawings, specifications, 
large scale and full size detail drawings; the drafting of forms of proposals 
and contracts; the issuance of certificates of payment; the keeping of ac¬ 
counts, the general administration of the business and supervision of the 
work, for which, except as hereinafter mentioned, a proper minimum charge, 
based upon the total cost of the work complete, is 6%. 

2. On residential work, alterations to existing buildings, monuments, fur¬ 
niture, decorative and cabinet work, and landscape architecture, it is proper 
to make a higher charge than above indicated. 

3. The Architect is entitled to compensation for articles purchased under 
his direction, even though not designed by him. 

4. Where the Architect is not otherwise retained, consultation fees for pro¬ 
fessional advice are to be paid in proportion to the importance of the question 
involved and services rendered. 

5. The Architect is to be reimbursed the costs of transportation and living 
incurred by him and his assistants while traveling in discharge of duties 
connected with the work, and the costs of the services of heating, ventilating, 
mechanical, and electrical engineers. 

6. The rate of percentage arising from Articles 1 and 2 hereof, i.e., the basic 
rate, applies when all of the work is let under one contract. Should the 
Owner determine to have certain portions of the work executed under sepa¬ 
rate contracts, as the Architect’s burden of service, expense and responsibility 
is thereby increased, the rate in connection with such portions of the work is 
greater (usually by 4%) than the basic rate. Should the Owner determine to 
have substantially the entire work executed under separate contracts, then 
such higher rate applies to the entire work. In any event, however, the basic 
rate, without increase, applies to contracts for any portions of the work on 
which the Owner reimburses the engineer’s fees to the Architect. 

7. If, after a definite scheme has been approved, the Owner makes a decision 
which, for its proper execution, involves extra services and expense for changes 
in or additions to the drawings, specifications or other documents; or if a 
contract be let by cost of labor and materials plus a percentage or fixed sum; 
or if the Architect be put to labor or expense by delays caused by the Owner 
or a contractor, or by the delinquency or insolvency of either, or as a result 
of damage by fire or other casualty, he is to be equitably paid for such extra 
service and expense. 

• The American Institute of Architects Document No. 177. Reprinted by permission. 

The words “the cost of the work,” as used in Articles 1 and 9 hereof, are ordinarily to 
be interpreted as meaning the total of the contract sums incurred for the execution of 
the work not including Architect’s and Engineer’s fees or the salary of the clerk of the 
works, but in certain rare cases, e g., when labor or material is furnished by the Owner 
below its market cost or when old materials are re-used, the cost of the work is to be 
interpreted as the cost of all materials and labor necessary to complete the work, as such 
cost would have been if all materials had been new and if all labor had been fully paid 
at market prices current when the work was ordered, plus contractor’s profits and expenses 
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8. Should the execution of any work designed or specified by the Architect 
or any part of such work be abandoned or suspended, the Architect is to be 
paid in accordance with or in proportion to*the terms of Article 9 of this 
Schedule for the service rendered, up to the time of such abandonment or 
such suspension. 

9. Whether the work be executed or whether its execution be suspended or 
abandoned in part or whole, payments to the Architect on his fee are subject 
to the provisions of Articles 7 and 8, made as follows: 

Upon completion of the preliminary studies, a sum equal to 20% of the 
basic rate computed upon a reasonable estimated cost. 

Upon completion of specifications and general working drawings (exclusive 
of details) a sura sufficient to increase payments on the <ee to 60% of the rate 
or rates of commission agreed upon, as influenced by Article 6, computed upon 
a reasonable cost estimated on such completed specifications and drawings, 
or if bids have been received, then computed upon the lowest bona fide bid 
or bids. 

During the preparation of the preliminary studies and of the specifications 
and general working drawings, it is proper that payments on account be made 
at monthly or other intervals, in proportion to the progress of the architect’s 
service, and so as to aggregate in each period not more than the sums described 
above. 

From time to time during the execution of work and in proportion to the 
amount of service rendered by the Architect, payments are made until the 
aggregate of all payments made on account of the fee under this Article 
reaches a sum equal to the rate or rates of commission agreed upon as influ¬ 
enced by Article 6, computed upon the final cost of the work. 

Payments to the Architect, other than those on his fee, fall due from time 
to time as his work is done or as costs are incurred. 

No deduction is made from the Architect’s fee on account of the use of old 
materials, penalty, liquidated damages or other sums withheld from payments 
to contractors. 

10. The Owner is to furnish the Architect with a complete and accurate 
survey of the building site, giving the grades and lines of streets, pavements 
and adjoining properties; the rights, restrictions, easements, boundaries and 
contours of the building site, and full information as to sewer, water, gas and 
electrical service. The Owner is to pay for borings or test pits and for chem¬ 
ical, mechanical or other tests, when required. 

11. The Architect endeavors to guard the Owner against defects and defi¬ 
ciencies in the work of contractors, but does not guarantee the performance of 
their contracts. The supervision of an architect is to be distinguished from 
the continuous personal superintendence to be obtained by the employment 
of a clerk of the works. 

When authorized by the Owner, a clerk of the works, acceptable to both 
Owner and Architect, is to be engaged by the Architect at a salary satisfac¬ 
tory to the Owner and paid by the Owner, upon presentation of the Archi¬ 
tect’s monthly certificates. 

12. When requested to do so, the Architect makes or procures preliminary 
estimates on the cost of the work and he endeavors to keep the actual cost of 
the work as low as may be consistent with the purpose of the building and 
with proper workmanship and material, but no such estimate can be regarded 
as other than an approximation. 

13. Drawings and specifications, as instruments of service, are the property 
of the Architect, whether the work for which they are made be executed or not 
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THE GENERAL CONDITIONS OF THE CONTRACT FOR THE 
CONSTRUCTION OF BUILDINGS* 

STANDARD FORM OF THE AMERICAN INSTITUTE OF 
ARCHITECTS 

These General Conditions have received the approval of the National Association of 
Builders’ Exchanges, the Associated General Contractors of America, the Joint Confer¬ 
ence on Construction Contracts, the National Association of Master Plumbers, the 
National Association of Sheet Metal Contractors of the United States, the National 
Electrical Contractors’ Association of the United States, the National Association of 
Marble Dealers, the Building Granite Quarries Association, the Producers’ Council and 
the Building Trades Employers’ Association of the City of New York. 


FOURTH EDITION, COPYRIGHT 1915-1918-1925, BY THE AMERICAN 
INSTITUTE OF ARCHITECTS, THE OCTAGON, WASHINGTON, D. C. 

Index to the Articles of the General Conditions 


1. Definitions. 

2. Execution, Correlation and Intent of 

Documents 

3. Detail Drawings and Instructions 

4. Copies Furnished. 

5. Shop Drawings. 

6. Drawings and Specifications on the 

Work. 

7. Ownership of Drawings and Models. 

8. Samples. 

9 Materials, Appliances, Employes. 

10. Royalties and Patents 

11. Surveys, Permits and Regulations. 

12 Protection of Work and Property. 

13 Inspection of Work. 

14. Superintendence: Supervision. 

15. Changes in the Work. 

16. Claims for Extra Cost. 

17. Deductions for Uncorrected Work. 

18. Delays and Extension of Time. 

19. Correction of Work before Final Pay¬ 

ment. 

20. Correction of Work after Final Pay¬ 

ment. 

21. Owner’s Right to do Work. 


22 Owner’s Right to Terminate Contract. 

23. Contractor’s Right to Stop Work or 

Terminate Contract. 

24. Applications for Payments. 

25 Certificates of Payments. 

26. Payments Withheld. 

27. Contractor’s Liability Insurance. 

28. Owner’s Liability Insurance. 

29. Fire Insurance. 

30. Guaranty Bonds. 

31 Damages. 

32. Liens. 

33. Assignment. 

34. Mutual Responsibility of Contractors. 

35. Separate Contracts. 

36. Subcontracts. 

37. Relations of Contractor and Subcon¬ 

tractor. 

38. Architect’s Status. 

39. Architect’s Decisions. 

40 Arbitration. 

41. Cash Allowances. 

42. Use of Premises. 

43. Cutting, Patching and Digging. 

44. Cleaning Up. 


Art. 1. Definitions. 

(a) The Contract Documents consist of the Agreement, the General Con¬ 
ditions of the Contract, the Drawings and Specifications, including all modi¬ 
fications thereof incorporated in the documents before their execution. 
These form the Contract. 

(b) The Owner, the Contractor and the Architect are those mentioned as 
such in the Agreement. They are treated throughout the Contract Docu¬ 
ments as if each were of the singular number and masculine gender. 

(c) The term Subcontractor, as employed herein, includes only those 
having a direct contract with the Contractor and it includes one who furnishes 
material worked to a special design according to the plans or specifications of 


Reprinted by permission. 
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this work, but does not include one who merely furnishes material not so 
worked. 

(d) Written notice shall be deemed to ha\fe been duly served if delivered 
in person to the individual or to a member of the lirm or to an officer of the 
corporation for whom it is intended, or if delivered at or sent by registered 
mail to the last business address known to him who gives the notice. 

(e) The term “work” of the Contractor or Subcontractor includes labor or 
materials or both. 

(f) All time limits stated in the Contract Documents are of the essence of 
the Contract. 

(g) The law of the place of building shall govern the construction of this 
Contract. 

Art. 2. Execution, Correlation and Intent of Documents. The Contract 
Documents shall be signed in duplicate by the Owner and the Contractor. 
In case the Owner and the Contractor fail to sign the General Conditions, 
Drawings or Specifications, the Architect shall identify them. 

The Contract Documents are complementary, and what is called for by 
any one shall be as binding as if called for by all. The intention of the docu¬ 
ments is to include all labor and materials, equipment and transportation 
necessary for the proper execution of the work. It is not intended, however, 
that materials or work not covered by or properly inferable from any heading, 
branch, class or trade of the specifications shall be supplied unless distinctly 
so noted on the drawings. Materials or work described in words which so 
applied have a well-known technical or trade meaning shall be held to refer 
to such recognized standards. 

Art. 3. Detail Drawings and Instructions. The Architect shall furnish, with 
reasonable promptness, additional instructions, by means of drawings or 
otherwise, necessary for the proper execution of the work. All such drawings 
and instructions shall be consistent with the Contract Documents, true 
developments thereof, and reasonably inferable therefrom. 

The work shall be executed in conformity therewith and the Contractor 
shall do no work without proper drawings and instructions. 

The Contractor and the Architect, if either so requests, shall jointly prepare 
a schedule, subject to change from time to time in accordance with the prog¬ 
ress of the work, fixing the dates at which the various detail drawings will be 
required, and the Architect shall furnish them in accordance with that sched¬ 
ule. Under like conditions, a schedule shall be prepared, fixing the dates 
for the submission of shop drawings, for the beginning of manufacture and 
installation of materials and for the completion of the various parts of the 
work. 

Art. 4. Copies Furnished. Unless otherwise provided in the Contract 
Documents, the Architect will furnish to the Contractor, free of charge, all 
copies of drawings and specifications reasonably necessary for the execution 
of the work. 

Art. 5. Shop Drawings. The Contractor shall submit with such prompt¬ 
ness as to cause no delay in his own work or in that of any other Contractor, 
two copies >f all shop or setting drawings and schedules required for the work 
of the various trades, and the Architect shall pass upon them with reasonable 
promptness. The Contractor shall make any corrections required by the 
Architect, file with him two corrected copies and furnish such other copies as 
may be needed. The Architect’s approval of such drawings or schedules 
shall not relieve the Contractor from responsibility for deviations from draw- 
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ings or specifications, unless he has in writing called the Architect’s attention 
to such deviations at the time of submission, nor shall it relieve him from 
responsibility for errors of any sort in shop drawings or schedules. 

Art. 6. Drawings and Specifications on the Work. The Contractor shall 
keep one copy of all drawings and specifications on the work, in good order, 
available to the Architect and to his representatives. 

Art. 7. Ownership of Drawings and Models. All drawings, specifications 
and copies thereof furnished by the Architect are his property. They are not 
to be used on other work and, with the exception of the signed Contract set, 
are to be returned to him on request, at the completion of the work. All 
models are the property of the Owner. 

Art. 8. Samples. The Contractor shall furnish for approval all samples as 
directed. The work shall be in accordance with approved samples. 

Art. 9. Materials, Appliances, Employes. Unless otherwise stipulated, the 
Contractor shall provide and pay for all materials, labor, water, tools, equip¬ 
ment, light, power, transportation and other facilities necessary for the execu¬ 
tion and completion of the work. 

Unless otherwise specified, all materials shall be new and both workman¬ 
ship and materials shall be of good quality. The Contractor shall, if required, 
furnish satisfactory evidence as to the kind and quality of materials. 

The Contractor shall at all times enforce strict disciplire and good order 
among his employes, and shall not employ on the work any unfit person or 
any one not skilled in the work assigned to him. 

Art. 10. Royalties and Patents. The Contractor shall pay all royalties and 
license fees. lie shall defend all suits or claims for infringement of any patent 
rights and shall save the Owner harmless from loss on account thereof, except 
that the Owner shall be responsible for all such loss when a particular process 
or the product of a particular manufacturer or manufacturers is specified, but 
if the Contractor has information that the process or article specified is an 
infringement of a patent he shall he responsible for such loss unless he 
promptly gives such information to the Architect or Owner. 

Ait. 11. Surveys, Permits and Regulations. The Owner shall furnish all 
surveys unless otherwise specified. Permits and licenses of a temporary 
nature necessary for the prosecution of the work shall be secured and paid 
for by the Contractor. Permits, licenses and easements for permanent struc¬ 
tures or permanent changes in existing facilities shall be secured and paid for 
by the Owner, unless otherwise specified. 

The Contractor shall give all notices and comply with all laws, ordinances, 
rules and regulations bearing on the conduct of the work as drawn and speci¬ 
fied. If the Contractor observes that the drawings and specifications are at 
variance therewith, he shall promptly notify the Architect in writing, and any 
necessary changes shall be adjusted as provided in the Contract for changes 
in the work. If the Contractor performs any work knowing it to be contrary 
to such laws, ordinances, rules and regulations, and without such notice to the 
Architect, he shall bear all costs arising therefrom. 

Art. 12. Protection of Work and Property. The Contractor shall contin¬ 
uously maintain adequate protection of all his work from damage and shall 
protect the Owner’s property from injury or loss arising in connection with 
this Contract. He shall make good any such damage, injury or loss, except 
such as may be directly due to errors in the Contract Documents or caused by 
agents or employes of the Owner. He shall adequately protect adjacent 
property as provided by law and the Contract Documents. He shall provide 
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and maintain all passageways, guard fences, lights and other facilities for 
protection required by public authority or local conditions. 

In an emergency affecting the safety of lif£ or of the work or of adjoining 
property, the Contractor, without special instruction or authorization from 
the Architect or Owner, is hereby permitted to act, at his discretion, to prevent 
such threatened loss or injury, and he shall so act, without appeal, if so 
instructed or authorized. Any compensation, claimed by the Contractor on 
account of emergency work, shall be determined by agreement or Arbitration. 

Art. 13. Inspection of Work. The Architect and his representative shall 
at all times have access to the work wherever it is in preparation or progress 
and the Contractor shall provide proper facilities for such access and for 
inspection. 

If the specifications, the Architect’s instructions, laws, ordinances or any 
public authority require any work to be specially tested or approved, the 
Contractor shall give the Architect timely notice of its readiness for inspec¬ 
tion, and if the inspection is by another authority than the Architect, of the 
date fixed for such inspection. Inspections by the Architect shall be promptly 
made, and where practicable at the source of supply. If any work should 
be covered up without approval or consent of the Architect, it must, if required 
by the Architect, be uncovered for examination at the Contractor’s expense. 

Re-examination of questioned work may be ordered by the Architect and 
if so ordered the work must be uncovered by the Contractor. If such work 
be found in accordance with the Contract Documents the Owner shall pay 
the cost of re-examination and replacement. If such work be found not in 
accordance with the Contract Documents the Contractor shall pay such cost, 
unless he shall show that the defect in the work was caused by another 
Contractor, and in that event the Owner shall pay such cost. 

Art. 14. Superintendence: Supervision. The Contractor shall keep on 
his work, during its progress, a competent superintendent and any necessary 
assistants, all satisfactory to the Architect. The superintendent shall not 
be changed except with the consent of the Architect, unless the superintendent 
proves to be unsatisfactory to the Contractor and ceases to be in his employ. 
The superintendent shall represent the Contractor in his absence and all 
directions given to him shall be as binding as if given to the Contractor. 
Important directions shall be confirmed in writing to the Contractor. Other 
directions shall be so confirmed on written request in each case. 

The Contractor shall give efficient supervision to the work, using his best 
skill and attention. lie shall carefully study and compare all drawings, 
specifications and other instructions and shall at once report to the Architect 
any error, inconsistency or omission which he may discover, but he shall not 
be held responsible for their existence or discovery. 

Art. 15. Changes in the Work. The Owner, without invalidating the Con¬ 
tract, mav order extra work or make changes by altering, adding to or deduct¬ 
ing from the work, the Contract Sum being adjusted accordingly. All such 
work shall be executed under the conditions of the original contract except 
that any claim for extension of time caused thereby shall be adjusted at the 
time of ordering such change. 

In giving] instructions, the Architect shall have authority to make minor 
changes in the work, not involving extra cost, and not inconsistent with the 
purposes of the building, but otherwise, except in an emergency endangering 
life or property, no extra work or change shall be made unless in pursuance 
of a written order from the Owner signed or countersigned by the Architect, 
or a written order from the Architect stating that the Owner has authorized 
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the extra work or change, and no claim for an addition to the contract sum 
shall be valid unless so ordered. 

The value of any such extra work or change shall be determined in one or 
more of the following ways: 

(a) By estimate and acceptance in a lump sum 

(b) By unit prices named in the contract or subsequently agreed upon. 

(c) By cost and percentage or by cost and a fixed fee 

If none of the above methods is agreed upon, the Contractor, provided 
he receives an order as above, shall proceed with the work In such case and 
also under case (c), he shall keep and present in such form as the Architect 
may direct, a correct account of the net cost of labor and materials, together 
with vouchers. In any case, the Architect shall certify to the amount, includ¬ 
ing reasonable allowance for overhead and profit, due to the Contractor. 
Pending final determination of value, payments on account of changes shall 
be made on the Architect’s certificate. 

Art. 16. Claims for Extra Cost. If the Contractor claims that any instruo 
tions by drawings or otherwise involve extra cost under this contract, he shall 
give the Architect written notice thereof within a re isonable time after the 
receipt of such instructions, and in any event before proceeding to execute 
the work, except in emergency endangering life or property, and the procedure 
shall then be as provided for changes in the work. No such claim shall be 
valid unless so made. 

Art. 17. Deductions for Uncorrected Work. If the Architect and Owner 
deem it inexpedient to correct work injured or done not in accordance with 
the Contract, an equitable deduction from the contract price shall be made 
therefor. 

Art. 18. Delays and Extension of Time. If the Contractor be delayed at 
any time in the progress of the work by any act or neglect of the Owner or the 
Architect, or of any employe of either, or by any other Contractor employed 
by the Owner, or by changes ordered in the work, or by strikes, lockouts, 
fire, unusual delay in transportation, unavoidable casualties or any causes 
beyond the Contractor’s control, or by delay authorized by the Architect 
pending arbitration, or by any cause which the Architect shall decide to 
justify the delay, then the time of completion shall be extended for such rea¬ 
sonable time as the Architect may decide 

No such extention shall be made for delay occurring more than seven days 
before claim therefor is made in writing to the Architect. In the case of a 
continuing cause of delay, only one claim is necessary. 

If no schedule or agreement stating the dates upon which drawings shall 
be furnished is made, then no claim for delay shall be allowed on account of 
failure to furnish drawings until two weeks after demand for such drawings and 
not then unless such claim be reasonable. 

This article does not exclude the recovery of damages for delay by either 
party under other provisions in the contract documents 

Art. 19. Correction of Work before Final Payment. The Contractor shall 
promptly remove from the premises all materials condemned by the Archi¬ 
tect as failing to conform to the Contract, whether incorporated in the work 
or not, and the Contractor shall promptly replace and re-execute his own 
work in accordance with the Contract and without expense to the Owner and 
shall bear the expense of making good all work of other contractors destroyed 
or damaged by such removal or replacement. 

If the Contractor does not remove such condemned work and materials 
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within a reasonable time, fixed by written notice, the Owner may remove 
them and may store the material at the expense of the Contractor. If the 
Contractor does not pay the expenses of such removal within ten days’ time 
thereafter, the Owner may, upon ten days' written notice, sell such materials 
at auction or at private sile and shall account for the net proceeds thereof, 
after deducting all the costs and expenses that should have been borne by the 
Contractor. 

Art. 20. Correction of Work after Final Payment. Neither the final 
certificate nor payment nor any provision in the Contract Documents shall 
relieve the Contractor of responsibility for faulty materials or workmanship 
and, unless otherwise specified, he shall remedy any defects due thereto and 
pay for any damage to other work k resulting therefrom, which shall appear 
within a period of one year from the date of substantial completion. The 
Owner shall give notice of observed defects with reasonable promptness. 
All questions arising under this article shall be decided by the Architect 
subject to arbitration. 

Art. 21. The Owner’s Right to Do Work. If the Contractor should neglect 
to prosecute the work properly or fail to perform any provision of this con- 
tract, the Owner, after three days’ written notice to the Contractor may, 
without prejudice to any other remedy he may have, make good such defi¬ 
ciencies and may deduct the cost thereof from the payment then or thereafter 
due the Contractor provided, however, that the Architect shall approve both 
such action and the amount charged to the Contractor. 

Art. 22. Owner’s Right to Terminate Contract. If the Contractor should 
be adjudged a bankrupt, or if he should make a general assignment for the 
benefit of his creditors, or if a receiver should be appointed on account of his 
insolvency, or if he should persistently or repeatedly refuse or should fail, 
except in cases for which extension of time is provided, to supply enough 
properly skilled workmen or proper materials, or if he should fail to make 
prompt payment to subcontractors or for material or labor, or persistently 
disregard laws, ordinances or the instructions of the Architect, or otherwise 
be guilty of a substantial violation of any provision of the contract, then the 
Owner, upon the certificate of the Architect that sufficient cause exists to 
justify such action, may, without prejudice to any other right or remedy and 
after giving the Contractor seven days’ written notice, terminate the employ¬ 
ment of the Contractor and take possession of the premises and of all mate¬ 
rials, tools and appliances thereon and finish the work by whatever method 
he may deem expedient: In such case the Contractor shall not be entitled 
to receive any further payment until the work is finished. If the unpaid 
balance of the contract price shall exceed the expense of finishing the work, 
including compensation for additional managerial and administrative services, 
such excess shall be paid to the Contractor. If such expense shall exceed 
such unpaid balance, the Contractor shall pay the difference to the Owner. 
The expense incurred by the Owner as herein provided, and the damage 
incurred through the Contractor’s default, shall be certified by the Architect, 
Art. 23. Contractor’s Right to Stop Work or Terminate Contract. If the 
work should be stopped under an order of any court, or other public authority, 
for a period of three months, through no act or fault of the Contractor or of 
anyone employed by him, or if the Architect should fail to issue any certificate 
for payment within seven days after it is due, or if the Owner should fail to 
pay to the Contractor within seven days of its maturity and presentation, 
any sum certified by the Architect or awarded by arbitrators, then the Con¬ 
tractor may, upon seven days’ written notice to the Owner and the Architect, 
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stop work or terminate this contract and recover from the Owner payment 
for all work executed and any loss sustained upon any plant or materials and 
reasonable profit and damages. 

Art. 24. Applications for Payments. The Contractor shall submit to the 
Architect an application for each payment, and, if required, receipts or other 
vouchers, showing his payments for materials and labor, including payments 
to subcontractors as required by Art. 37. 

If payments are made on valuation of work done, such application shall be 
submitted at least ten days before each payment falls due, and, if required, 
the Contractor shall, before the first application, submit to the Architect a 
schedule of values of the various parts of the work, including quantities, 
aggregating the total sum of the contract, divided so as to facilitate payments 
to subcontractors in accordance with Art. 37 (e), made out in such form as 
the Architect and the Contractor may agree upon, and, if required, supported 
by such evidence as to its correctness as the Architect may direct. This 
schedule, when approved by the Architect, shall be used as a basis for certifi¬ 
cates of payment, unless it be found to be in error. In applying for payments, 
the Contractor shall submit a statement based upon this schedule, and, if 
required, itemized in such form and supported by such evidence as the Archi¬ 
tect may direct, showing his right to the payment claimed. 

If payments are made on account of materials delivered and suitably stored 
at the site but not incorporated in the work, they shall, if required by the 
Architect, be conditional upon submission by the Contractor of bills of sale 
or such other procedure as will establish the Owner’s title to such material or 
otherwise adequately protect the Owner's interest. 

Art. 25. Certificates of Payments. If the Contractor has made application 
as above, the Architect shall, not later than the date when each payment falls 
due, issue to the Contractor a certificate for such amount as he decides to be 
properly due. 

No certificate issued nor payment made to the Contractor, nor partial or 
entire use or occupancy of the work by the Owner, shall be an acceptance of 
any work or materials not in accordance with this contract The making 
and acceptance of the final payment shall constitute a waiver of all claims 
by the Owner, other than those arising from unsettled liens, irom faulty work 
appearing after final payment or from requirement of the specifications, and 
of all claims by the Contractor, except those previously made and still 
unsettled. 

Should the Owner fail to pay the sum named in any certificate of the 
Architect or in any award by arbitration, upon demand when due, the Con¬ 
tractor shall receive, in addition to the sum named m the certificate, interest 
thereon at the legal rate in force at the place of building. 

Art. 26. Payments Withheld. The Architect may withhold or, on account 
of subsequently discovered evidence, nullify the whole or a part of any cer¬ 
tificate to such extent as may be necessary to protect the Owner from loss 
on account of: 

(a) Defective work not remedied. 

(b) Claims filed or reasonable evidence indicating probable filing of claims. 

(c) Failure of the Contractor to make payments properly to subcontractors 

or for material or labor. 

(d) A reasonable doubt that the contract can be completed for the balance 
then unpaid. 

(e) Damage to another Contractor. 
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When the above grounds are removed payment shall be made for amounts 
withheld because of them. 

Art. 27. Contractor's Liability Insurance*. * The Contractor shall maintain 
such insurance as will protect him from claims under workmen's compensation 
acts and from any other claims for damages for personal injury, including 
death, which may arise from operations under this Contract, whether such 
operations be by himself or by any subcontractor or anyone directly or indi¬ 
rectly employed by either of them. Certificates of such insurance shall be 
filed with the Owner, if he so require, and shall be subject to his approval 
for adequacy of protection. 

Art. 28. Owner’s Liability Insurance. The Owner shall be responsible for 
and at his option may maintain such insurance as will protect him from his 
contingent liability for damages for personal injury, including death, which 
may arise from operations under this contract. 

Art. 29. Fire Insurance. The Owner shall effect and maintain fire insurance 
upon the entire structure on which the work of this contract is to be done and 
upon all materials, in or adjacent thereto and intended for use thereon, to at 
least 80% of the insurable value thereof The loss, if any, is to be made 
adjustable with and payable to the Owner as Trustee for whom it may concern. 

All policies shall be open to inspection by the Contractor If the Owner 
fails to show them on request, or if he fails to effect or maintain insurance as 
above, the Contractor may insure his own interest and charge the cost thereof 
to the Owner. If the Contractor is damaged by failure of the Owner to main¬ 
tain such insurance, he may recover as stipulated in the contract for recovery 
of damages. 

If required in writing by any party in interest, the Owner as Trustee shall, 
upon the occurrence of loss, give bond for the proper performance of his 
duties. He shall deposit any money received from insurance in an account 
separate from all his other funds and he shall distribute it in accordance with 
such agreement as the parties m interest may reach, or under an award of 
arbitrators appointed, one by the Owner, another by joint action of the other 
parties in interest, all other procedure being us provided elsewhere in the 
contract for Arbitration. If after loss no spcJ.il agreement is made, replace¬ 
ment of injured work shall be ordered and executed as provided for changes in 
the work. 

The Trustee shall have power to adjust and settle any loss with the insurers 
unless one of the Contractors interested shall object in writing within three 
working days of the occurrence of loss, and thereupon arbitrators shall be 
chosen as above. The Trustees shall in that case make settlement with the 
insurers in accordance with the directions of such arbitrators, who shall also, 
if distribution by arbitration is required, direct such distribution. 

Art 30. Guaranty Bonds. The Owner shall have the right, prior to the 
signing of the Contract, to require the Contractor to furnish bond covering 
the faithful performance Ox the Contract and the payment of all obligations 
arising thereunder, in such form as the Owner may prescribe and with such 
sureties as he may approve. If such bond is required by instructions given 
previous to the submission of bids, the premium shall be paid by the Con¬ 
tractor; if subsequent thereto, it shall be paid by the Owner. 

Art. 31. Damages. If either party to this Contract should suffer damage 
in any manner because of any wrongful act or neglect of the other party or of 
anyone employed by him, then he shall be reimbursed by the other party for 
such damage. 
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Claims under this clause shill be made in writing to the party liable within 
a reasonable time at the first observance of such damage and not later than 
the time of final payment except as expressly stipulated otherwise in the case 
of faulty work or materials, and shall be adjusted by agreement or arbitration. 

Art. 32. Liens. Neither the final payment nor any part of the retained 
percentage shall become due until the Contractor, if required, shall deliver 
to the Owner a complete release of all liens arising out of this Contract, or 
receipts in full in lieu thereof and, if required in either case, an affidavit that 
so far as he has knowledge or information the releases and receipts include all 
the labor and material for which a lien could be hied, but the Contractor may, 
if any subcontractor refuses to furnish a release or receipt in full, furnish a 
bond satisfactory to the Owner, to indemnify him against any lien. If any 
lien remain unsatisfied after all payments are made, the Contractor shall 
refund to the Owner all moneys that the latter may be compelled to pay in 
discharging such a lien, including all costs and a reasonable attorney’s fee 

Art. 33. Assignment. Neither party lo the Contract shall assign the Con¬ 
tract or sublet it as a whole without the written consent of the other, nor shall 
the Contractor assign any moneys due or to become due to him hereunder, 
without the previous written consent of the Owner. 

Art. 34. Mutual Responsibility of Contractors. Should the Contractor 
cause damage to any other contractor on the work the Contractor agrees, 
upon due notice, to settle with such contractor by agreement or arbitration, 
if he will so settle. If such ether contractor sues the Owner on account of 
any damage alleged to have been so sustained, the Owner shall notify the 
Contractor, who shall defend such proceedings at the Owner’s expense and, 
if any judgment against the Owner arise therefrom, the Contractor shall pay 
or satisfy it and pay all costs incurred by the Owner. 

Art. 35. Separate Contracts. The Owner reserves the right to let other 
contracts in connection with this work. The Contractor shall afford other 
contractors reasonable opportunity for the introduction and storage of their 
materials and the exec ition of their work, and shall properly connect and 
coordinate his work with theirs 

If any part of the Contractor’s work depends for proper execution or results 
upon the work of any other contractor, the Contractor shall inspect and 
promptly report to the Architect an> T defects in such work that render it 
unsuitable for such proper execution and results. Ilis failure so to inspect 
and report shall constitute an acceptance of the other contractor’s work as 
fit and proper for .the reception of his work, except as to defects which may 
develop in the other contractor’s work after the execution of his work. 

To insure the proper execution of his subsequent work the Contractor shall 
measure work already in place and shall at once report to the Architect any 
discrepancy between the executed work and the drawings 

Art. 36. Subcontracts. The Contractor shall, as soon as practicable after 
the signature of the contract, notify the Architect in writing of the names of 
subcontractors proposed for the principal parts of the work and for such 
others as the Architect may direct and shall not employ any that the Archi¬ 
tect may within a reasonable time object to as incompetent or unfit. 

If the Contractor has submitted before signing the contract a list of sub¬ 
contractors and the change of any name on such list is required in writing by 
the Owner after signature of agreement, the contiact price shall be increased 
or diminished by the difference in cost occasioned by such change. 
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The Architect shall, on request, furnish to any subcontractor, wherever 
practicable, evidence of the amounts certified on his account. 

The Contractor agrees that he is as fully responsible to the Owner for the 
acts and omissions of his subcontractors and of persons either directly or 
indirectly employed by them, as he is for the acts and omissions of persons 
directly employed by him. 

Nothing contained in the contract documents shall create any contractual 
relation between any subcontractor and the Owner. 

Art. 37. Relations of Contractor and Subcontractor. The Contractor 
agrees to bind every Subcontractor and every Subcontractor agrees to be 
bound by the terms of the Agreement, the General Conditions, the Drawings 
and Specifications as far as applicable to his work, including the following pro¬ 
visions of this article, unless specifically noted to the contrary in a subcontract 
approved in writing as adequate by the Owner or Architect. 

This does not apply to minor subcontracts 

The Subcontractor agrees: 

(a) To be bound to the Contractor by the terms of the Agreement, General 
Conditions, Drawings and Specifications, and to assume toward him all 
the obligations and responsibilities that he, by those documents, assumes 
toward the Owner. 

(b) To submit to the Contractor applications for payment in such reason¬ 
able time as to enable the Contractor to apply for payment under Art. 24 
of the General Conditions 

(c) To make all claims for extras, for extensions of time and for damages 
for delays or otherwise, to the Contractor in the manner provided in the 
General Conditions for like claims by the Contractor upon the Owner, except 
that the time for making claims for extra cost is one week. 

The Contractor agrees: 

(d) To be bound to the Subcontractor by aU the obligations that the Owner 
assumes to the Contractor under the Agreement, General Conditions, Draw¬ 
ings and Specifications, and by all the provisions thereof affording remedies 
and redress to the Contractor from the Owner 

(e) To pay the Subcontractor, upon the issuance of certificates, if issued 
under the schedule of values described in Art. 24 of the General Conditions, 
the amount allowed to the Contractor on account of the Subcontractor’s work 
to the extent of the Subcontractor’s interest therein. 

(f) To pay the Subcontractor, upon the issuance of certificates, if issued 
otherwise than as in (e), so that at all times his total payments shall be as 
large in proportion to the value of the work done by him as the total amount 
certified to the Contractor is to the value of the work done by him. 

(g) To pay the Subcontractor to such extent as may be provided by the 
Contract Documents or the subcontract, if either of these provides for earlier 
or larger payments than the above. 

(h) To pay the Subcontractor on demand for his work or materials as far 
as executed and fixed in place, less the retained percentage, at the time the 
certificate should issue, even though the Architect fails to issue it for any 
cause not the fault of the Subcontractor. 

(j) To pay the Subcontractor a just share of any fire insurance money 
received by him, the Contractor, under Art. 29 of the General Conditions. 

(k) To make no demand for liquidated damages or penalty for delay in any 
sum in excess of such amount as may be specifically named in the subcontract. 

(l) That no claim for services rendered or materials furnished by the Con¬ 
tractor to the Subcontractor shall be valid unless written notice thereof is 
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given by the Contractor to the Subcontractor during the first ten days of the 
calendar month following that in which the claim originated. 

(m) To give the Subcontractor an opportunity to be present and to submit 
evidence in any arbitration involving his rights. 

(n) To name as arbitrator under arbitration proceedings as provided in the 
General Conditions the person nominated by the Subcontractor, if the sole 
cause of dispute is the work, materials, rights or responsibilities of the Sub¬ 
contractor; or, if of the Subcontractor and any other subcontractor jointly, 
to name as such arbitrator the person upon whom they agree. 

The Contractor and the Subcontractor agree that: 

(o) In the matter of arbitration, their rights and obligations and all pro¬ 
cedure shall be analogous to those set forth in this contract. 

Nothing in this article shall create any obligation on the part of the Owner 
to pay to or to see to the payment of any sums to any Subcontractor 

Art. 38. Architect’s Status. The Architect shall have general supervision 
and direction of the work. He is the agent of the Owner only to the extent 
provided in the Contract Documents and when in special instances he is 
authorized by the Owner so to act, and in such instances he shall, upon 
request, show the Contractor written authority. He has authority to stop 
the work whenever such stoppage may be necessary to insure the proper 
execution of the Contract. 

As the Architect is, in the first instance, the interpreter of the conditions 
of the Contract and the judge of its performance, he shall side neither with the 
Owner nor with the Contractor, but shall use hib powers under the contract 
to enforce its faithful performance by both. 

In case of the termination of the employment of the Architect, the Owner 
shall appoint a capable and reputable Architect, whose status under the con¬ 
tract shall be that of the former Architect. 

Art. 30. Architect’s Decisions. The Architect shall, within a reasonable 
time, make decisions on all claims of the Owner or Contractor and on all other 
matters relating to the execution and progress of the work or the interpreta¬ 
tion of the Contract Documents. 

The Architect’s decisions, in matters relating to artistic effect, shall be final, 
if within the terms of the Contract Documents. 

Except as above or as otherwise expressly provided in the Contract Docu¬ 
ments, all the Architect’s decisions are subject to arbitration. 

Art. 40. Arbitration. All questions subject to arbitration under this Con¬ 
tract shall be submitted to arbitration at the choice of either party to the 
dispute. 

The Contractor shall not cause a delay of the work during any arbitration 
proceedings, except by agreement with the Owner. 

The demand for arbitration shall be filed in writing with the Architect, in 
i.he case of an appeal from his decision, within ten days of its receipt and in 
any other case within a reasonable time after cause thereof and in no case later 
than the time of final payment, except as otherwise expressly stipulated in the 
Contract. If the Architect fails to make a decision within a reasonable time, 
an appeal to arbitration may be taken as if his decision had been rendered 
against the party appealing. 

No one shall be nominated or act as an arbitrator who is in any way finan¬ 
cially interested in this Contract or in the business affairs of either the Owner, 
Contractor or Architect. 

Unless otherwise provided by controlling statutes, the parties may agree 
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upon one arbitrator; otherwise there shall be three, one named in writing, by 
each party to this Contract, to the other party and to the Architect and the 
third chosen by these two arbitrators, or if they fail to select a third within 
fifteen days, then he shall be chosen by the presiding officer of the Bar Asso¬ 
ciation nearest to the location of the work. Should the party demanding arbi¬ 
tration fail to name an arbitrator within ten days of his demand, his right to 
arbitration shall lapse. Should the other party fail to choose an arbitrator 
within said ten days, then such presiding officer shall appoint such arbitrator. 
Should either party refuse or neglect to supply the arbitrators with any 
papers or information demanded in writing, the arbitrators are empowered by 
both parties to proceed ex parte. 

If there be one arbitrator his decision shall be binding; if three the decision 
of any two shall be binding. Such decision shall be a condition precedent to 
any right of legal action, and wherever permitted by law it may be filed in 
Court to carry it into effect. 

The arbitrators, if they deem that the case demands it, are authorized to 
award to the party whose contention is sustained such sums as they shall 
deem proper for the time, expense and trouble incident to the appeal and, if 
the appeal was taken without reasonable cause, damages for delay. The 
arbitrators shall fix their own compensation, unless otherwise provided by 
agreement, and shall assess the costs and charges of the arbitration upon either 
or both parties. 

The award of the arbitrators shall be in writing and it shall not be open to 
objection on account of the form of the proceeding or the award, unless other¬ 
wise provided by the controlling statutes 

In the event of such statutes providing on any matter covered by this article 
otherwise than as hereinbefore specified, the method of procedure throughout 
and the legal effect of the award shall be wholly in accordance with the said 
statutes, it being intended hereby to lay down a principle of action to be fol¬ 
lowed, leaving its local application to be adapted to the legal requirements of 
the jurisdiction having authority over the arbitration. 

Art. 41. Cash Allowances. The Contractor shall include in the contract 
sum of all allowances named in the Contract Documents and shall cause the 
work so covered to be done by such contractors and for such sums as the 
Architect may direct, the contract sum being adjusted in conformity there¬ 
with. The Contractor declares that the contract sum includes such sums for 
expenses and profit on account of cash allowances as he deems proper. No 
demand for expenses or profit other than those included in the contract sum 
shall be allowed. The Contractor shall not be required to employ for any 
such work persons against whom he has a reasonable objection. 

Art 42. Uses of Premises. The Contractor shall confine his apparatus, 
the storage of materials and the operations of his workmen to limits indicated 
by law, ordinances, permits or directions of the Architect and shall not unrea¬ 
sonably encumber the premises with his materials. 

The Contractor shall not load or permit any part of the structure to be 
loaded with a weight that will endanger its safety. 

The Contractor shall enforce the Architect’s instructions regarding signs, 
advertisements, fires and smoking. 

Art 43. Cutting, Patching and Digging. The Contractor shall do all cut¬ 
ting, fitting or patching of his work that may be required to make its several 
parts come together properly and fit it to receive or be received by work of 
other contractors shown upon, or reasonably implied by, the Drawings and 
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Specifications for the completed structure, and he shall make good after them 
as the Architect may direct. 

Any cost caused by defective or ill-timed work shall be borne by the party 
responsible therefor. 

The Contractor shall not endanger any work by cutting, digging or other¬ 
wise, and shall not cut or alter the work of any other contractor save with the 
consent of the Architect. 

Art. 44. Cleaning Up. The Contractor shall at all times keep the premises 
free from accumulations of waste material or rubbish caused by his employes 
or work, and at the completion of the work he shall remove all his rubbish from 
and about the building and all his tools, scaffolding and surplus materials and 
shall leave his work “broom clean” or its equivalent, unless more exactly 
specified. In case of dispute the Owner may remove the rubbish and charge 
the cost to the several contractors as the Architect shall determine to be just. 


4. THE STANDARD FORM OF AGREEMENT BETWEEN CON¬ 
TRACTOR AND OWNER FOR CONSTRUCTION OF BUILDINGS ♦ 

ISSUED BY THE AMERICAN INSTITUTE OF ARCHITECTS FOR 
USE WHEN A STIPULATED SUM FORMS 
THE BASIS OF PAYMENT 

This form of agreement has received the approval of the National Association of 
Builders’ Exchanges, the Associated General Contractors of America, the Joint Conference 
on Construction Contracts, the National Association of Master Plumbers, the National 
Association of Sheet Metal Contractors of the United States, the National Electrical 
Contractors* Association of the United States, the National Association of Marble Dealers, 
the Building Granite Quarries Association, the Producers’ Council and the Building 
Trades Employers’ Association of the City of New York. 

FOURTH EDITION, COPYRIGHT 1915-1918-1925, BY THE AMERICAN INSTITUTE 
OF ARCHITECTS, THE OCTAGON, WASHINGTON, D. C. THIS FORM IS TO BE 
USED ONLY WITH THE STANDARD GENERAL CONDITIONS OF 
THE CONTRACT FOR CONSTRUCTION OF BUILDINGS 

THIS AGREEMENT, made the.day of 

... in the year Nineteen Hundred and . 

by and between . . . . 

hereinafter called the Contractor, and. . 

. .hereinafter called the Owner, ... 

WITNESSETH, that the Contractor and the Owner for the considerations 
hereinafter named agree as follows: 

Article 1. Scope of the Work. The Contractor shall furnish all of the mate¬ 
rials and perform all of the work shown on the Drawings and described in the 

Specifications entitled. 

(Here insert the caption descriptive of the work as used on the Drawings and in the other 
Contract Documents) 

prepared by. 

acting as and in these Contract Documents entitled the Architect; and shall 
do everything required by this Agreement, the General Conditions of the 
Contract, the Specifications and the Drawings. 


Reprinted by permission. 
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Article 2. Time of Completion. The work to be performed under this 

Contract shall be commenced. 

and shall be substantially completed. # . 

(Here insert stipulation as to liquidated damages, if any.) 
.(Blank lines). 

Article 3. The Contract Sum. The Owner shall pay the Contractor for the 
performance of the Contract, subject to additions and deductions provided 
therein, in current funds as follows:. 

(State here the lump sum amount, unit prices, or both, as desired in individual cases.) 
. (Blank lines). . 

Where the quantities originally contemplated are so changed that applica¬ 
tion of the agreed unit price to the quantity of work performed is shown to 
create a hardship to the Owner or the Contractor, there shall be an equitable 
adjustment of the Contract to prevent such hardship. 

Article 4. Progress Payments. The Owner shall make payments on ac¬ 
count of the Contract as provided therein, as follows: 

On or about the.day of each month. 

per cent of the value, based on the Contract prices, of labor and materials in¬ 
corporated in the work and of materials suitably stored at the site thereof up 

to the.day of that month, as estimated by the Architect, less the 

aggregate of previous payments; and upon substantial completion of the 
entire work, a sum sufficient to increase the total payments to ... 

per cent of the contract price ... . . ... 

(Insert here any provision made for limiting or reducing the amount retained after the 
work reaches a certain stage of completion ) 

.(Blank lines). 

Article 5. Acceptance and Final Payment. Final payment shall be due. 

days after substantial completion of the work provided the work be then fully 
completed and the Contract fully performed. 

Upon receipt of written notice that the work is ready for final inspection 
and acceptance, the Architect shall promptly make such inspection, and 
when he finds the work acceptable under the Contract and the Contract fully 
performed he shall promptly issue a final certificate, over his own signature, 
stating that the work provided for in this Contract has been completed and is 
accepted by him under the terms and conditions thereof, and that the entire 
balance found to be due the Contractor, and noted in said final certificate, is 
due and payable. 

Before issuance of final certificate the Contractor shall submit evidence 
satisfactory to the Architect that all payrolls, material bills, and other in¬ 
debtedness connected with the work have been paid. 

If after the work has been substantially completed, full completion thereof 
is materially delayed through no fault of the Contractor, and the Architect 
so certifies, the Owner shall, upon certificate of the Architect, and without 
terminating the Contract, make payment of the balance due for that portion 
of the work fully completed and accepted. Such payment shall be made under 
the terms and conditions governing final payment, except that it shall not con¬ 
stitute a waiver of claims. 

Article 6 . The Contract Documents. The General Conditions of the Con¬ 
tract, the Specifications and the Drawings, together with this Agreement, 
form the Contract, and they are as fully a part of the Contract as if hereto 
attacked or herein repeated. The following is an enumeration of the Specifi¬ 
cations and Drawings: 


(Blank page) 
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IN WITNESS WHEREOF the parties hereto have executed this Agree¬ 
ment, the day and year first above written. 

5. ARCHITECTURAL COMPETITIONS 

Object. The object of a competition is to enable the Owner to secure 
a choice of designs by different authors, and the hope of those holding a com¬ 
petition is that by appealing to the competitive spirit of the architects they 
will be inspired to produce designs of outstanding merit. 

In order that the competitors may be encouraged to produce the best of 
which they are capable, there should be a fair agreement between the Owner 
and the competitors. 

All competitions should be conducted in general conformity with the prin¬ 
ciples set forth in “Competition Code” of the American Institute of Archi¬ 
tects. The Institute does not give its approval to a program unless it meets 
the following essential conditions: 

(a) That there be a Professional Adviser. 

(b) That there be a Jury of at least three members, one of whom is a prac¬ 
ticing Architect. 

(c) That the program contain an Agreement and Conditions of Contract 
between Owner and Architect in accord with good practice. 



2168 


Glossary 


[Part 3 


GLOSSARY * 


Technical Terms, Ancient and Modem, Used by Architects, 
Builders, and Draughtsmen 

Aaron’s-Rod. An ornamental figure representing a rod with a serpent 
twined about it. It is sometimes confounded with the caduceus of Mercury. 
The distinction between the caduceus and the Aaron’s-rod is that the former 
has two serpents twined in opposite directions, whereas the latter has but one. 

Abacus. The upper member of the capital of a column. It is sometimes 
square and sometimes curved, forming on the plan 
segments of a circle called the arch of the abacus, 
and is commonly decorated with a rose or other or¬ 
nament in the center, having the angles, called horns 
of the abacus, cut off in the direction of the radius or 
curve. In the Tuscan or Doric, it is a square tablet; 
in the Ionic, the edges are molded; in the Corin¬ 
thian, its sides are concave and frequently enriched 
with carving. In Gothic pillars it has a great vari¬ 
ety of forms. 

Abbey. A term for the church and other build- Corinthian abacus 
ings used by conventual bodies presided over by an 

abbot or abbess, in contradistinction to cathedral, which is presided over by a 
bishop; and priory, the head of which was a prior or prioress. 

Abutment. That part of a pier from which the arch springs. 

Abuttals. The boundings of a piece of land on other land, street, river, etc. 

Abyssinia, Architecture of. That of the ancient kingdom in northeast 
Africa. Evidences of Greek and, perhaps, of Egyptian culture have been 
found, but there seem to be only the remains of monuments erected by con¬ 
quering chiefs. Portuguese influence in the fifteenth and sixteenth centuries 
has left some trace. It is evident that curious systems and devices, both in 
building and in ornamentation, are discoverable in this large, mountainous, 
and diversified country, containing a very ancient, though newer, high civiliza¬ 
tion. 



Acanthus. A plant found in the south of Europe, representations of whose 


leaves are employed for decorating the Corinthian and 
Composite capitals. The leaves of the acanthus are 
used on the bell of the capital, and distinguish the 
two rich orders from the three others. 

Acroteria. The small pedestals placed on the 
extremities and apex of a pediment. They are usu¬ 
ally without bases or plinths, and were originally 
intended to receive statues. 



Adobe. (1) An aluminous earth; (2) unfired brick made from such earth 
without fire; (3) with the article, a single brick of this kind; (4) a house 
built of these materials. 


* This Glossary was compiled by Mr. Kidder from various sources. Excerpts, prin¬ 
cipally from “A Dictionary of Architecture and Building,” by Russell C. Sturgis, have 
been added. 
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Aile, Aisle. The wings; inward side porticos of a church; the inward lateral 
corridors which enclose the choir, the presbytery, and the body of the church 
along its sides. Any one of the passages in a church or hall into which the 
pews or seats open. 

Alcove. The original and strict meaning of this word, which is derived from 
the Spanish alcoba , is confined to that part of a bed-chamber in which the bed 
stands, separated from the other parts of the room by columns or pilasters. It 
is now commonly used to express any large recess in a room, generally sepa¬ 
rated by an arch. 

Alipterion. In ancient Roman architecture, a room used by bathers for 
anointing themselves. 

Alley. A narrow passageway: (1) between two houses, like a very narrow 
street; (2) in or under a house, as affording passage directly to the inner 
court or yard, without entering the rooms of the house; (3) a walk in a gar¬ 
den; (4) a long and narrow building. 

Almonry. The place or chamber where alms were distributed to the poor in 
churches, or other ecclesiastical buildings. At Bishopstone Church, Wiltshire, 
England, it is a sort of covered porch attached to the south transept, but not 
communicating with the interior of the church. At Worcester Cathedral, 
England, the alms are said to have been distributed on stone tables, on each 
side, within the great porch. In largo monastic establishments, as at West¬ 
minster, it seems to have been a separate building of some importance, either 
joining the gate-house or near it, that the establishment might be disturbed 
as little as possible. 

Altar. In ancient Roman architecture, a place on which offerings or sacri¬ 
fices were made to the gods. In Protestant churches, the communion table 
is often designated as the Altar, and in Roman Catholic churches it is a square 
table placed at the east end of the church for the celebration of mass. 

Altar of Incense. A small table covered with plates of gold on which wa9 
placed the smoking censer in the temple at Jerusalem. 

Altar-piece. The entire decorations of an altar; a painting placed behind an 
altar. 

Altar-screen. The back of the altar from which the canopy was suspended, 
and separating the choir from the lady-chapel and presbytery. The altar- 
screen was generally of stone, and composed of the richest tabernacle work of 
niches, finials, and pedestals, supporting statues of the tutelary saints. 

Alto-rilievo. High relief. A sculpture, the figures of which project from 
the surface on which they are carved. 

Ambo. A raised platform, a pulpit, a reading-desk, a marble pulpit—an 
oblong enclosure in ancient churches, resembling in its uses and positions the 
modern choir. 

Ambry. A cupboard or closet, frequently found near the altar in ancient 
churches to hold sacred utensils. 

Ambulatory. An alley, a gallery, a cloister, a place for walking, as in a 
church or monastery. 

Amerind Architecture; Amerindian Architecture. The architecture of the 
red races of America, the terms Amerind and Amerindian having been 
adopted by archaeologists to replace the obviously inaccurate phrase “Ameri¬ 
can Indian.” 
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Amphiprostylos. A Grecian temple which has a columned portico on 
both ends. 

Amphitheater. A double theater, of an elliptical form on the plan, for the 
exhibition of the ancient gladiatorial fights and other shows. Its arena or 
pit, in which those exhibitions took place, was encompassed with seats rising 
above each other, and the exterior had the accommodation of porticos or 
arcades for the public. 

Amphora* A Grecian vase with two handles, often seen on medals. 

Ancones. The consoles or ornaments cut on the key-stones of arches or on 
the sides of door-cases. They are sometimes made use of to support busts or 
other figures. 

Angle-capital. In Greek architecture, those Ionic capitals placed on the flank 
columns of a portico, which have one of their volutes placed horizontally at an 
angle of a hundred and thirty-five degrees with the plane of the frieze. 

Annulated Columns. Columns clustered together by rings or bands; 
much used in English architecture. 

Annular Vault. A vault rising from two parallel walls—the vault of a 
corridor. Same as Barrel Vault. 

Annulet. A small square molding used to separate others. The fillet which 
separates the flutings of columns is sometimes known 
by this term. 

Anta, Antes. A name given to a pilaster when 
attached to a wall. Vitruvius calls pilasters paras - 
tates when insulated. They are not usually dimin¬ 
ished, and in all Greek examples their capitals are ANNULET 

different from those of the columns they accompany. 

Antechamber. An apartment preceded by a vestibule and from which 
another room is approached. 

Antechapel. A small chapel forming the entrance to another. There are 
examples at Merton College, Oxford, and at King’s College, Cambridge, Eng¬ 
land, besides several others. The antechapel to the lady-chapel in cathedrals 
is generally called the Presbytery. 

Antechoir. The part under the rood loft, between the doors of the choir 
and the outer entrance of the screen, forming a sort of lobby. It is also called 
the Fore-choir. 

Antefixa. In classical architecture (gargoyles, in Gothic architecture), the 
ornaments of lions’ and other heads below the eaves of a 
temple, through channels in which, usually by the mouth, 
the water is carried from the eaves. By some this term is 
applied to the upright ornaments above the eaves in ancient 
architecture, which hid the ends of the Harmi or joint tiles. antefixa 

Apophyge. The lowest part of the shaft of an Ionic or Corinthian column, 
or the highest member of its base if the column be considered as a whole. The 
Apophyge is the inverted cavetto or concave sweep, on the upper edge of which 
the diminishing shaft rests. 

Apron. A plain or molded piece of finish below the stool of a window, put 
on to cover the rough edge of the plastering. 

Apse. The semicircular or polygonal termination to the chancel of a 
church. The term also applies to similar forms in other buildings. 
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Apteral. A temple without columns on the flanks or sides. 

Aqueduct. An artificial canal for the conveyance of water, either above or 
under ground. The Roman aqueducts are mostly of the former construction. 


Arabesque. A building after the manner of the Arabs. Ornaments used by 
the same people, in which no human or animal figures appear. Arabesque is 
sometimes improperly used to denote a species of ornaments 
composed of capricious fantastics and imaginary representa¬ 
tions of animals and foliage so much employed by the Romans 
in the decorations of walls and ceilings. 

Arabian Architecture. A style of architecture the rudiments 
of which appear to have been taken from surrounding nations, 
the Egyptians, Syrians, Chaldeans, and Persians. The best 
preserved specimens partake chiefly of the Graeco-Roman, 

Byzantine, and Egyptian. It is supposed that they con¬ 
structed many of their finest buildings from the ruins of ancient 
cities 

Araostyle. That style of building in which the columns are 
distant from one another from four to five diameters. Strictly 
speaking, the term should be limited to intercolumniation of 
four diameters, which is only suited to the Tuscan order. 

Arseosystylos. That style of building in which four columns 
are used in the space of eight diameters and a half; the central inter¬ 
columniation being three diameters and a half, and the others on each 
side being only half a diameter, by which arrangement coupled columns are 
introduced. 



ARABESQUE 


Arbores. Large bronze candelabra, in the shape of a tree, placed on the 
floor of ancient churches, so as to appear as if growing out of it. 

Arcade. A range of arches, supported 
either on columns or on piers, and detached or 
attached to the wall. 

Arch. In building, a mechanical arrange¬ 
ment of building materials arranged in the 
form of a curve, which preserves a given form 
when resisting pressure, and enables them, 
supported by piers or abutments, to carry 
weights and resist pressure. 

Arch-buttress. Sometimes called a Hying 
buttress; an arch springing from a buttress or 
pier. 

Architect. A man charged with the preparation for a building, its plan and 
design, and with the supervision of the work of the builders who actually put 
it up and finish it. Literally, the term signifies nothing more than the head 
workman or director of the workmen, and the exact duties of the architect 
vary with the epoch, the country, the kind of building, and the wishes of the 
owner. 

Architecture. The art of building in such a way as to accord with principles 
determined, not merely by the ends the edifice is intended to serve, but by 
high consideration of beauty and harmony. The aim of architecture as an 
art, is so to arrange the plan, masses and enrichments of a structure as to 
impart to it interest, beauty, grandeur, unity and power. 



ARCADE 
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Architrave. That part of an entablature which rests upon the capital of a 
column, and is beneath the frieze. 

Architrave Cornice. An entablature consisting of an architrave and cor¬ 
nice, without the intervention of the frieze, sometimes introduced when incon¬ 
venient to give the entablature the usual height. 

Architrave of a Door. The finished work surrounding the aperture; the 
upper part of the lintel is called the traverse; and the sides, the jambs. 

Archives. A repository or closet for the preservation of writings or records, 

Archivolt. A collection of members forming the inner contour of an arch, 
or a band or frame adorned with moldings running over the faces or the arch¬ 
stones, and bearing upon the imposts. 

Area. The superficial contents of any figure; an open space or court within 
a building; also, an uncovered space surrounding the foundation walls to give 
light to the basement. 

Arena. The plain space in the middle of the amphitheater or other place of 
public resort. 

Armory. (1),A room or building serving as a depository for arms and 
armor. (2) A building or establishment for the manufacture of arms, espe¬ 
cially one maintained by the government, (3) A building for the use of a 
body of militia, with storage for their arms and equipments. 

Arris. The meeting of two surfaces producing an angle. 

Arsenal. (1) A public storehouse for arms and ammunition. (2) A place 
supported by government for manufacture of weapons. (3) Anciently, a 
government dock yard and navy yard. 

Artificer, or Artisan. A person who works with his hands, and manufac¬ 
tures any commodity in iron, brass, wood, etc 

Asarotum. In ancient architecture, a species of painted pavement used by 
the Romans before the invention of mosaic work. 

Ashlar, or Ashler. A facing made of squared stones, or a facing made of 
thin slabs, used to cover walls of brick or rubble. Coursed ashlar is where the 
stones run in level courses all around the building; random ashlar , where the 
stones are of different heights, but level beds. Common freestones of small 
size, as they come from the quarry, are also called ashlar. 

Asia Minor, Architecture of. Although Asia Minor formed a connecting 
passageway between the East and the West through which ebbed and flowed 
the art civilization from one to another, but little remains are found there 
from earlier than the fifth century n c. With few exceptions architectural 
developments are located on the seaboard. Here are found examples of 
Greek temples, Roman theaters, colonnaded streets, and tombs. The remains 
of the Byzantine Empire are comparatively few. The last architectural phase 
developed toward the end of the twelfth century under the Seljuk Sultans 
whose chief interest lies in the fact that it forms the foundation of the Turkish 
Saracenic style. The conical roofs with which all the<$eljukian tombs are 
covered, in contradistinction to the domes which surmount all Persian and 
Cairene tombs, are probably derived from Armenian and Georgian prototypes. 

Astragal. A small semicircular molding, sometimes plain and sometimes 
ornamented. 

Asymptote. A straight line which continually approaches to a curve with¬ 
out touching it. 
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Atlases, or Atlantes. Figures or half-figures of men, used instead of col** 
umns or pilasters to support an entablature; called also Telamones. 

Atrium. A court in the interior division of 
Roman houses. 

Attached Columns. Those which project 
three-fourths of their diameter from the wall. 

Attic. A low story above an entablature, 
or above a cornice which limits the height of 
the main part of an elevation. Although the 
term is evidently derived from the Greek, we 
find nothing exactly answering to it in Greek 
architecture; but it is very common in both 
Roman and Italian practice. What are other¬ 
wise called tholobates, in St. Peter’s and St. 

Paul’s Cathedrals are frequently termed 
Attics. 

Attic Order. A term used to denote the low pilasters employed in the 
decoration of an attic story. 

Attributes. In painting and sculpture, symbols given to figures and 
statues to indicate thc»r office and character. 

Auditory. In ancient churches, that part of the church where the people 
usually stood to be instructed in the Gospel, now called the nave. 

Aula. A court or hall in ancient Roman houses. 

Australia, Architecture of. The natives of Australia were few in number 
when the land was first explored by Europeans, and were of a low type of 
savagery. The settlers of European stock have built cities generally laid 
out on generous lines for future development. The buildings are mostly 
close copies of modern English architecture of the more conventional and less 
interesting type. The more important buildings are of the neoclassic style, 
and cathedrals and university groups are artistic structures. 

Austrian States, Arciitecture of. This presents fewer examples of medi¬ 
aeval architecture, especially churches, than any other German lands. Nature 
seems to have conspired against Austrian architecture; scarcely a building 
has escaped earthquake, tempest, or fire. The Cathedral at Vienna represents 
a valuable example of the beautiful Danubian architecture of the thirteenth 
century, also the remaining portions of the abbeys. 

Aviary. A large apartment for breeding birds. 

Axis. The spindle or center of any rotative motion. In a sphere, an 
imaginary line through the center. 

Aztec Architecture. The architecture of the Nahuatl or Aztec tribes of 
Mexico. Popularly applied to all pre-Columbian Mexican architecture. 

Back-choir. A place behind the altar in the principal choir, in which there 
is, or was, a small altar standing back to back with the former. 

Backing of a Rafter or Rib. The forming of an upper or outer surface* 
that it may range with the edges of the ribs or rafters on either side. 

Backing of a Wall. The rough inner face of a wall; earth deposited behind 
a retaining wall, etc. 

Back of a Window. That piece of wainscoting which is between the bottom 
of the sash frame and the floor. 



ATLANTES 
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Balcony. A projection from the face of a wall, supported by columns or 
consoles, and usually surrounded by a balustrade. 

Baldachin. A building in the form of a canopy, supported with columns, and 
serving as a crown or covering to an altar. 

Balloon Framing. In the United States a system of 
framing wooden buildings in which the corner posts and 
studs are continuous in one piece from sill to roof plate, 
the intermediate joists being carried by girts spiked to, 
or let into, the studs, the pieces being secured only by 
nailing, without the use of mortises and tenons, or the 
like. 

Baluster. A small pillar or column, supporting a rail, 
of various forms, used in balustrades. 

Baluster Shaft. The shaft dividing a window in Saxon 
architecture. At St. Albans are some of these shafts, 
evidently out of the old Saxon church, which have been 
fixed up with Norman capitals. 

Balustrade. A series of balusters connected by a rail. 

Band. A sort of fiat frieze or fascia running horizontally round a tower or 
other parts of a building, particularly the base tables in perpendicular work, 
commonly used with the long shafts characteristic of the thirteenth century. 
It generally has a bold, projecting molding above and below, and is carved 
sometimes with foliages, but in general with cusped circles, or qua trefoils, in 
which frequently are shields of arms. 

Band of a Column. A series of annulets and hollows going round the middle 
of the shafts of columns, and sometimes of the entire pier. They are often 
beautifully carved with foliages, etc., as at Amiens. In several cathedrals 
there are rings of bronze apparently covering the junction of the frusta of the 
columns. At Worcester and Westminster they appear to have been gilt; 
they are there more properly called Shait-rings. 

Baptistery. A separate building to contain the font, for the rite of bap¬ 
tism. Baptisteries are frequent on the Continent; that at Rome, near St. John 
Lateran, and those at Florence, Pisa, Pavia, etc., are all well-known examples. 
The only examples in England are at Cranbrook and Canterbury; the latter, 
however, is supposed to have been originally part of the treasury. 

Barbican. An outwork for the defence of a gate or drawbridge; also, a sort 
of pent-house or construction of timber to shelter warders or sentries from 
arrows or other missiles. 

Barge Board. See Verge Board. 

Bartizan. A small turret, corbeled out at the 
angle of a wall or tower, to protect a warder and 
enable him to see around him. It generally is 
furnished with oylets or arrow-slits. 

Basement. The lower part of a building, usu¬ 
ally in part below the grade of the lot or street. 

Base Moldings. The moldings immediately bartizan 

above the plinth of a wall, pillar, or pedestal. 

Base of a Column. That part which is between the shaft and the pedestal 
or, if there be no pedestal, between the shaft and the plinth. The Grecian 
Doric had no base, and the Tuscan has only a single torus, or a plinth. 




BALDACHIN 
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Basilica. A term given by the Greeks and Romans to the public buildings 
devoted to judicial purposes. 

Bas-relief. See Basso-rttievo. 

Basse-cour. A court separated from the principal one, and destined for 
stables, etc. 

Basso-rilievo, or Bas-relief. The representations of figures projected from 
a background without being detached from it. It is divided into three parts: 
Alto-rilievo, when the figure projects more than one-half; Mezzo-rilievo, that 
in which the figure projects one-half; and Basso-rilievo, when the projection 
of the figure is less than one-half, as in coins. 

Bat. A part of a brick. 

Batten. Small scantlings, or small strips of boards, used for various pur¬ 
poses. Small strips put over the joints of sheathing to keep out the weather. 

Batten Door. A door made of sheathing, secured by strips of board, put 
crossways, and nailed with clinched nails. 

Batter. A term used by bricklayers, carpenters, etc., to signify a wall, piece 
of timber, or other material, which does not stand upright, but inclines from 
you when you stand before it; but when, on the contrary, it leans toward you, 
it is said to overhang. 

Battlement. A parapet with a series of notches in it, from which arrows may 
be shot, or other instruments of defence 
hurled on besiegers. The raised portions 
are called merlons; and the notches, em¬ 
brasures or crenelles. The former were 
intended to cover the soldier while dis¬ 
charging his weapon through the latter. 

Their use is of great antiquity; they are 
found in the sculptures of Nineveh, in the 
tombs of Egypt, and on the famous Fran¬ 
cois vase, where there is a delineation of 
the siege of Troy. In ecclesiastical architecture the early battlements have 
small shallow embrasures at some distance apart. In the Decorated period 
they are closer together, and deeper, and the moldings on the top of the merlon 
and bottom of the embrasure are richer. During this period, and the early 
part of the Perpendicular, the sides or cheeks of the embrasures are perfectly 
square and plain. In later times the moldings were continued round the sides, 
as well as at top and bottom, mitring at the angles, as over the doorway of 
Magdalen College, Oxford, England. The battlements of the Decorated and 
later periods are often richly ornamented by paneling, as in the last example. 
In castellated work the merlons are often pierced by narrow arrow-slits. 
(See Oylet.) In South Italy some battlements are found strongly resembling 
those of old Rome and Pompeii; in the Continental ecclesiastical architecture, 
the parapets are very rarely embattled. 

Bay. Any division or compartment of an arcade, roof, etc. Thus each 
space, from pillar to pillar, in a cathedral, is called a bay, or severy. 

Bay-window. Any window projecting outward from the wall of a building, 
either square or polygonal on plan, and commencing from the ground. If they 
are carried on projecting corbels, they are called Oriel windows. Their use 
seems to have been confined to the later periods. In the Tudor and Eliza¬ 
bethan styles they are often semicircular in plan, in which case some think it 
more correct to call them Bow Windows. 
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Bazaar. A kind of Eastern mart, of Arabic origin. 

Bead. A circular molding. When several ere Joined, it is called Reeding; 
when flush with the surface, it is called Quirk-bead; and when raised, Cock- 
bead. 

Beam. A piece of timber, iron, stone, or other material, placed horizontally, 
or nearly so, to support a load over an opening, or from post to post. 

Bearing. The portion of a beam, truss, etc., that rests on the supports. 

Bearing Wall, or Partition. A wall which supports the floors and roofs in 
a building. 

Beaufet, or Buffet. A small cupboard, or cabinet, to contain china. It 
may either be built into a wall, or be a separate piece of furniture. 

Bed. In bricklaying and masonry, the horizontal surfaces on which the 
stones or bricks of walls lie in courses. 

Bed of a Slate. The lower side. 

Bed Moldings. Those moldings in all the orders between the corona and 
frieze. 

Belfry. Properly speaking, a detached tower or campanile containing 
bells, as at Evesham, England, but more generally applied to the ringing-room 
or loft of the tower of a church. See Tower. 

Belgium, Architecture of. The Architecture of Belgium is essentially 
Germanic in spirit, the style of detail, the disposition and character of buildings 
of all the periods showing the Teutonic origin of the people, though much of 
the mediaeval work is inspired directly from France, the Renaissance reflects 
the influence of the Spanish domination and the modern buildings are almost 
wholly French by derivation. The most characteristic phase of the national 
architecture is that afforded by its civic buildings, which are in many respects 
unrivaled anywhere in the world. The Renaissance organ fronts also deserve 
study, notably in Louvain, Liege, and Brussels. In dignity of composition 
and masterly handling of mass the Brussels Palais de Justice is perhaps the 
most striking modern building of Europe. 

Bell-cot, Bell-gable, or Bell-turret. The place where one or more bells are 
hung in chapels, or small churches which have no towers. Bell-cots are some¬ 
times double, as at Northborough and Coxwell, England; a very common form 
in France and Switzerland admits of three bells. In these countries, also, they 
are frequently of wood, and attached to the ridge. Those which stand on the 
gable, dividing the nave from the chancel, are generally called Sanctus Bells. 
A very curious and, it is believed, unique example at Cleves Abbey, England, 
juts out from the wall. In later times bell-turrets were much ornamented; 
these are often called Fleches. 

Bell of a Capital. In Gothic work, immediately above the necking is a deep, 
hollow curve; this is called the bell of a capital. It is often enriched with 
foliages. It is also applied to the body of the Corinthian and Composite 
capitals. 

Belt. A course of stones or brick projecting from a brick or stone wall, gen¬ 
erally placed in a line with the sills of the windows; it is either molded, fluted, 
plane, or enriched with patras at regular intervals. Sometimes called Stone 
String. 

Belvedere, or Look-out. A turret or lantern raised above the roof of an 
observatory for the purpose of enjoying a fine prospect. 
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Bema. The semicircular recess, or exedra, in the basilica, where the 
judges sat, and where in aftertimes the altar was placed. It generally is 
roofed with a half-dome or concha. The seats of the priests were against the 
wall, looking into the body of the church, that of the bishop being in the 
center. The bema is generally ascended by steps, and railed off by canceili. 

Bench Table. The stone seat which runs round the walls of large churches, 
and sometimes round the piers; it very generally is placed in the porches. 

Bevel. An instrument for taking angles. One side of a solid body is said to 
be beveled with respect to another, when the angle contained between those 
two sides is greater or less than a right angle. 

Bezantee. A name given to an ornamental molding much used in the Nor¬ 
man period, resembling bezants, coins struck in Byzantium. 

Billet. A species of ornamented molding much used in Norman, and some¬ 
times in Early English work, like short pieces of stick cut off and arranged 
alternately. 

Blocking, or Blocking-course. In masonry, a course of stones placed on 
the top of a cornice crowning the walls. 

Bond. Tn bricklaying and masonry, that connection between bricks or 
stones formed by lapping them upon one another in carrying up the work, so 
as to form an inseparable mass of building, by preventing the vertical joints 
falling over each other. In brickwork there are several kinds of bond. In 
common brick walls in every sixth or seventh course the bricks are laid cross- 
ways of the wall, called Headers. In face work, the back of the face brick is 
clipped so as to get in a diagonal course of headers behind. In Old English 
bond, every alternate course is a header course. In Flemish bond, a header 
and stretcher alternate in each course. 

Bond-stones. Stones running through the thickness of the wall at right 
angles to its face, in order to bind it together. 

Bond-timbers. Timbers placed in a horizontal direction in the walls of a 
brick building in tiers, and to which the battens, laths, etc., are secured. In 
rubble work, walls are better plugged for this purpose. 

Border. Useful ornamental pieces around the edge of anything. 

Boss. An ornament, generally carved, forming the key-stone at the inter¬ 
section of the ribs of a groined vault. Early Norman vaults have no bosses. 
The carving ; s generally foliage, and resembles that of the period in capitals, 
etc. Sometimes they have human heads, as at Notre Dame at Paris, and 
sometimes grotesque figures. In Later Gothic vaulting there are bosses at 
every intersection. 

Boutell. The mediaeval term for a round molding, or torus. When it 
follows a curve, as round a bench end, it is called a Roving Boutell. 

Bow. Any projecting part of a building in the form of an arc of a circle. A 
boWr however, is sometimes polygonal. 

Bow Window. A window placed in the bow of a building. 

Brace. In carpentry, an inclined piece of timber, used in trussed partitions, 
or in framed roofs, in order to form a triangle, and thereby stiffen the framing. 
When a brace is used by way of support to a rafter, it is called a strut. Braces 
in partitions and span-roofs are, or always should be, disposed in pairs, and 
introduced in opposite directions. 

Brace Mold, f f ] Two ressaunts or ogees united together like a brace in 
printing, sometimes with a small bead between them. 
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Bracket A projecting ornament carrying a cornice. Those which support 
vaulting shafts or cross-springers of a roof are more generally called Corbels. 

Break. Any projection from the general surface of a building. 


Breaking Joint. The arrangement of stones or bricks so as not to allow 
two joints to come immediately over each other. See Bond. 


Breast of a Window. The masonry forming the back 
of the recess and the parapet under the window-sill. 

Bressummer. A lintel, beam, or iron tie, intended to 
carry an external wall and itself supported by piers or 
posts; used principally over shop windows. This term 
is now seldom used, the word beam, or girder, taking its 
place. 

Bridging. A method of stiffening floor joist and parti¬ 
tion studs, by cutting pieces in between. Cross-bridging 
of floor joist is illustrated in cut. 

Bulwark. In ancient fortification, nearly the same as 
Bastion in modern. 
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Burse, or Bourse. A public edifice for the assembly of merchant traders; 
an exchange. 

Bust. In sculpture, that portion of the human figure 
which comprises the head, neck, and shoulders. 

Buttery. A store-room for provisions. 

Butt-joint. Where the ends of two pieces of timber of 
molding butt together. 

Buttress. Masonry projecting from a wall, and intended 
to strengthen the same against the thrust of a roof or vault. 

Buttresses are no doubt derived from the classic pilasters 
which serve to strengthen walls where there is a pressure of 
a girder or roof-timber. In very early work they have little 
projection, and, in fact, are “ strippilasters.” In Norman 
work they are wider, with very little projection, and gen¬ 
erally stop under a cornice or corbel table. Early English 
buttresses project considerably, sometimes with deep 
sloping weatherings in several stages, and sometimes with gabled heads. 
Sometimes they are chamfered, and sometimes the 
angles have jamb shafts. At Wells and Salisbury, 

England, they are richly ornamented with canopies , 
and statues. In the Decorated period they became [ 
richly paneled in stages, and often finish with niches ' 
and statues and elegantly carved and crocketed gablets, 
as at York, England. In the Perpendicular period the 
weatherings became waved, and they frequently termi¬ 
nate with niches and pinnacles. 

Buttress, Flying. A detached buttress or pier of 
masonry at some distance from a wall, and connected 
therewith by an arch or portion of an arch, so as to 
discharge the thrust of a roof or vault on some strong 
point. 

Buttress Shafts. Slender columns at the angle of buttresses, chiefly used 
in the Early English period. 
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Byzantine Architecture. A style developed in the Byzantine Empire. 
The capitals of the pillars are of endless variety and full of invention; some 
are founded on the Greek Corinthian, some resemble the Norman and the 
Lombard style, and are so varied that no two sides of the same capital are alike. 
They are comprised under the style Romanesque, which comprehends the 
round-arch style. Byzantine architecture reached its height in the Church 
of St. Sophia at Constantinople. 

Cabinet. A highly ornamented kind of buffet or chest of drawers set apart 
for the preservation of things of value. 

Cabling. The flutes of columns are said to be cabled when they are partly 
occupied by solid convex masses, or appear to be refilled with cylinders after 
they had been formed. 

Caduceus. Mercury's rod, a wand entwined by two serpents and sur¬ 
mounted by two wings. The rod represents power; the serpents, 
wisdom; and the wings, diligence and activity. 

Caisson. (1) A panel sunk below the surface in flat or vaulted 
ceilings. See Cassoon. (2) In bridge building, a chest or vessel 
in which the piers of a bridge are built, gradually sinking as the 
work advances till its bottom comes in contact with the bed of the 
river, and then the sides are disengaged, being so constructed as 
to allow of their being thus detached without injury to its floor 
or bottom. They are also used for foundations of buildings. 

Caliber, or Caliper. The diameter of any round body; the 
width of the mouth of a piece of ordnance. 

Camber. In carpentry, the convexity of a beam upon the sur¬ 
face, in order to prevent its becoming concave by its own weight, or by the 
burden it may have to sustain. 

Campanile. A name given in Italy to the bell-tower of a town-hall or 
church. In that country this is almost always detached from the latter. 

Canada, Architecture of. That of the British possessions to the north and 
northeast of the United States. The work of the aboriginal tribes included 
architectural features of great interest. Only the eastern section has developed 
architecturally. 

Candelabrum. Stand or support on which the ancients placed their 
lamps. Candelabra were made in a variety of shapes and with much taste 
and elegance. The term is also used to denote a tall ornamental candlestick 
with several arms, or a bracket with arms for candies. 

Canopy. The upper part or cover of a niche, or the projection or ornament 
over an altar, seat, or tomb. The word is supposed to be derived from cono- 
paeum, the gauze covering over a bed to keep off the gnats; a mosquito curtain. 
Early English canopies are generally simple, with trefoiled or cinque-foiled 
heads; but in the later styles they are very rich, and divided into compart¬ 
ments with pendants, knots, pinnacles, etc. The triangular arrangement 
over an Early English and Decorated doorway is often called a canopy. 
The triangular canopies in the North of Italy are peculiar. Those in England 
are generally part of the arrangement of the arch moldings of the door, and 
form, as it were, the hood-molds to them, as at York. The former are above 
and independent of the door moldings, and frequently support an arch with a 
tympanum, above which is a triangular canopy, as in the Duomo at Florence. 
Sometimes the canopy and arch project from the wall, and are carried on small 
jamb shafts, as at San Pietro Martiro at Verona. Canopies are often used 
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over windows, as at York Minster over the great west window, and lower ties 
in the towers. These are triangular, while the upper windows in the tower9 
have ogee canopies. 

Capital. The upper part of a column, pilaster, pier, etc. Capitals have been 
used in every style down to the present time. That mostly used by the Egyp¬ 
tians was bell-shaped, with or without ornaments. The Persians used the 
double-headed bell, forming a kind of bracket capital. The Assyrians appar¬ 
ently made use of the Ionic and Corinthian, which were developed by the 
Greeks, Romans, and Italians into their present well-known forms. The 
Doric was apparently an invention or adaptation by the Greeks, and was 
altered by the Romans and Italians. But in all these examples, both ancient 
and modern, the capitals of an order are all of the same form throughout the 
same building, so that if one be seen the form of all the others is known. 
The Romanesque architects altered all this, and m the carving of their capitals 
often introduced such figures and emblems as helped to tell the story of their 
building. Another form was introduced by them in the curtain capital, rude 
at first, but afterward highly decorated. It evidently took its origin from the 
cutting off of the lower angles of a square block, and then rounding them off. 
The process may be distinctly seen, in its several stages, in Mayence Cathedral. 
But this form of capital was more fully developed by the Normans, with whom 
it became a marked feature. In the early English capitals a peculiar flower of 
three or more lobes was used spreading from the necking upward in most 
graceful forms. In Decorated and Perpendicular styles this was abandoned 
in favor of more realistic forms of crumpled leaves, enclosing the bell like a 
wreath. In each style bold abacus moldings were always used, whether with 
or without foliage. 

Caravansary. A huge, square building, or inn, in the East, for the reception 
of travelers and lodging of caravans 

Carriage. The timber or iron joist which supports the steps of a wooden 
stair. 

Carton, or Cartoon. A design made on strong paper, to be transferred 
on the fresh plaster wall to be afterward painted in fresco; also, a colored 
design for working in mosaic tapestry. 


Cartouche. An ornament which like an escutcheon, a shield or an oval or 


oblong panel has the central part plain, and usually slightly convex, to receive 
an inscription, armorial bearings, or an ornamental or significant 
piece of painting or sculpture. Frequently used in French 


Renaissance and Modern Architecture. 

Caryatides. Human female figures used as piers, columns 
or supports. Caryatic is applied to the human figure generally, 
when used in the manner of caryatides. 

Cased. Covered with other materials, generally of a better 
quality. 

Casement A glass frame which is made to open by turning 
on hinges affixed to its vertical edges. 

Cassoon, or Caisson. A deep panel or coffer in a soffit or 
ceiling. This term is sometimes written in the French form, 



caisson; sometimes derived directly from the Italian cassone t caryatid 
the augmentative of cassa, a chest or coffer. 


Cast A term used in sculpture for the impression of any figure taken in 
plaster of Paris, wax, or other substances. 
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Catacombs. Subterranean places for burying the dead. Those of Egypt, 
ind near Rome, are believed to be the most important. 

Catafalco. An ornamental scaffold used in funeral solemnities. 

Cathedral. The principal church, where the bishop has his seat as diocesan. 

Cauliculus. The inner scroll of the Corinthian capital. It is not uncom¬ 
mon, however, to apply this term to the larger scrolls or volutes also. 

Causeway. A raised or paved way. 

Cavetto. A concave ornamental molding, opposed in effect to the ovolo— 
the quadrant of a circle. 

Ceiling. That covering of a room which hides the joists of the floor above, 
or the rafters of the roof. Most European churches either have open roofs, or 
are groined in stone. At Peterborough and St. Albans, England, there are 
very old flat ceilings of boards curiously painted. In later times the boarded 
ceilings, and, in fact, some of those of plaster, have molded ribs, locked with 
bosses at the intersection, and are sometimes elaborately carved. In many 
English churches there are ceilings formed of oak ribs, filled in at the spandrels 
with narrow, thin pieces of board, in exact imitation of stone groining. In 
the Elizabethan and subsequent periods the ceilings are enriched with most 
elaborate ornaments in stucco. Matched and beaded boards, planed and 
smoothed, used for wainscoting. In the New England States it is called 
sheathing. 

Cenotaph. An honorary tomb or monument, distinguished from monu¬ 
ments in being empty, the individual it is to memorialize having received 
interment elsewhere. 

Centaur. A poetical imaginary being of heathen mythology, half-man and 
half-horse. 

Central America, Architecture of. That of the five states: Guatemala, 
Honduras, Nicaragua, San Salvador, and Costa Rica, and the colony of British 
Honduras. This region is rich in ruined structures that belong to the pre- 
Columbian class of American Architecture. The modern houses are usually 
small huts made of cane and palm leaves, or of sticks plastered with adobe 
mud, and whitewashed. In the towns adobe bricks are largely used, some¬ 
times with a cut-stone foundation, as adobe disintegrates most rapidly near 
the ground. Aside from churches, which are numerous, there are few struc¬ 
tures of importance. 

Centring. In building, the frames on which an arch is turned. 

Chalet. A wooden dwelling house of the type common in Switzerland 
The chalets are of two different types as for the structure: (1) The type 
derived from the log house, of heavy beams placed one upon the other and 
crossed at the angles; Oberland, Uri, Schwitz, etc.; (2) the framework build¬ 
ing, a structure of posts and beams, with the wall merely filled in with thick 
boards, or even bricks, etc.; Zurich, Saint Gallen, Appenzell. A few chalets 
combine the two types. 

Chamfer, Champfer, or Chaumfer. When the edge or arris of any work is 
cut off at an angle of 45° in a small degree, it is said to be chamfered; if 
to a large scale, it is said to be a canted corner. The chamfer is much used in 
mediaeval work, and is sometimes plain, sometimes hollowed out, and some¬ 
times molded. 

Chamfer Stop. Chamfers sometimes simply run into the arris by a plane 
face; more commonly they are first stopped by some ornament, as by a bead* 
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they are sometimes terminated by trefoils, or cinquefoils, double or single, and 
in general form very pleasing features in mediaival architecture. 

Chancel. A place separated from the rest o # f a church by a screen. The 
word is now generally used to signify the portion of a liturgical church con¬ 
taining the altar. 

Chantry. A small chapel, generally built out from a church. They generally 
contain a founder’s tomb, and are often endowed places where masses might 
be said for his soul. The officiator, or mass priest, being often unconnected 
with the parochial clergy. The chantry has generally an entrance from the 
outside. 

Chapel. A small, detached building used as a substitute for a church in a 
large parish; an apartment in any large building, a palace, a nobleman's house, 
a hospital or prison, used for public worship; or an attached building running 
out of and forming part of a large church, generally dedicated to different 
saints, each having its own altar, piscina, etc., and screened off from the body 
of the building. 

Chapter House. The chamber in which the chapter or heads of the monastic 
bodies assembled to transact business. They are of various forms; some are 
oblong apartments, some octagonal, and some circular. 

Chaptrel. In Gothic architecture, the capital of a pier or column 
which receives an arch. 

Charnel House. A place for depositing the bones which might 
be thrown up in digging graves. Sometimes it was a portion of the 
crypt; sometimes it was a separate building in the church-yard; 
sometimes chantry chapels were attached to these buildings. M. 
Viollet-le-Duc has given two very curious examples of ossuaires — 
one from Fleurance, the other from Faouet. 

Charrette. (Fr.) Final period of work on design problem, a 
period of stress because of a fixed date of delivery. 

China, Architecture of. Most ancient of nations, center of Asiatic civiliza¬ 
tion at different epochs, original source of Japanese culture, architecturally 
China yet remains, for European scholars, an unworked field. By three 
thousand years of civil wars, dynastic fighting, and Tartar and Mongol 
invasions all trace of palace or temple have been swept away. It is from the 
Japan architecture of fifty years since, that we must infer what we can of 
China’s. In the Horiuji temples near Nara (Japan) are sixth-century struc¬ 
tures built by Korean Architects; at this period Korea’s art was that of 
China. Like the modern palaces, the ancient ones undoubtedly consisted of 
many small buildings crowded together, and very probably masonry entered 
largely into their construction, for we know that a thousand years before the 
Christian era brick was the common building material. The Hia dynasty 
was founded 2205 B.C. The fatal barbarism of Mongol and Manchu influences 
are everywhere visible in what passes for modern architecture, all that remains 
of architectural excellence being the dignity of great masses, and the contrast, 
often very agreeable, between light, generally wood-built superstructures, 
with the walls of the basements, as in the “ Winter Palace ” at Peiping, and its 
great gateway structures, and in some of the pagoda towers. The architecture 
of that imperial city and of the seaport towns is nearly all of a very recent 
period, and it is safe to conclude, in general, that the Chinese architecture of 
the last three hundred years is immeasurably inferior to that which must have 
gone before. That at one time Chinese architecture was a thing of the utmost 
beauty one cannot doubt. We know that the lofty civilisation created by the 




Glossary 


2183 


wise emperors of the Sung dynasty could have expressed itself only in noble 
art. The larger and more richly decorated of the now existing dwellings are 
interesting, because of the completely different ordering of the architectural 
members from that which is familiar to Europeans. 

Cherub —Gothic. A representation of an infant’s head joined to two 
wings, used in the churches on key-stones of arches and corbels. 

Chevron—Gothic. An ornament turning 

this and that way, like a zigzag, or letter Z. 

Chiaroscuro. The effects of light and shade 
in a picture. 

Choir. That part of a church or monastery 
where the breviary service, or “ hone,” is 
chanted. CHEVRON 

Christian Architecture. (1) Architecture of any style assumed to be 
especially under the influence of Christian religious belief. In this sense the 
English Gothic styles were called Christian by the Gothic revivalists of 1850 
and thereafter. The styles which came of direct imitation of Greco-Roman 
architecture were considered pagan in contradistinction to that of the Middle 
Ages. (2) The architecture of the European world since the general triumph 
of Christianity. In this sense the earliest Christian Architecture is that of 
the basilicas and baptisteries of the reign of Constantine; and all buildings 
erected since that time in lands occupied or settled by Europeans are Christian, 
except where obviously the work of persons of other religions. 

Church. A building for the performance of public worship. The first 
churches were built on the plan of the ancient basilicas, and afterward on the 
plan of a cross: a church is said to be in Greek cross when the length of the 
transverse is equal to that of the nave; in Latin cross, when the nave is longer 
than the transverse part; in rotundo, when it is a perfect circle; simple, 
when it has only a nave and choir; with aisles, when it has a row of porticos in 
form of vaulted galleries, with chapels in its circumference. 

Ciborium. A tabernacle or vaulted canopy supported on shafts standing 
over the high altar. 

Cincture. A ring, list, or fillet at the top and bottom of a column, serving 
to divide the shaft of the column from its capital and 
base. 

Cinquefoil. A sinking or perforation, like a flower, of five 
points or leaves, as a quatrefoil is of four. The points are 
sometimes in a circle, and sometimes form the cusping of 
a head. 

Civic Crown. A garland of oak-leaves and acorns, given 
as honorary distinction among the Romans to such as had 
preserved the life of a fellow-citizen. 

Clere-story, Clear-story. When the middle of the nave of a church rises 
above the aisles and is pierced with windows, the upper story is thus called. 
Sometimes these windows are very small, being mere quatrefoils, or spherical 
triangles. In large buildings, however, they are important objects both for 
beauty and utility. The window of the clere-stories of Norman work, even 
in large churches, are of less importance than in the later styles. In Early 
English they became larger; and in the Decorated they are more important 
still, being lengthened as the triforium diminishes. In Perpendicular work 
the latter often disappears altogether, and in many later churches the clere- 
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stories are dose ranges of windows. The word clerestory is also used to denote 
a similar method of lighting other , « 

buildings besides churches, especially A 

factories, depots, sheds, etc. [( 

Cliff-Dwelling. An Amerindian 
house built in a cliff, either in a cave- ' 

like opening, a gallery, or on a ledge. > * 

Especially applied to structures in m §||uy 

the diffs of the Southwestern United ///a j|jSr 

States and Northern Mexico, built Mm 

by Indians similar to the present K| > 

Pueblos. . Qi 

Cloister. An enclosed square, like JP //lyf H 

the atrium of a Roman house, with //$¥ || 

a walk or ambulatory around, shel- H| 

tered by a roof, generally groined, y y M fi B| 

and by tracery windows, which were \ III 

more or less glazed. / /■ i i ■ i-*-u u ~h 

Close. The precinct of a cat he- n 

dral or abbey. Sometimes the walls L 
are traceable, but now generally the B wp jj|l 

boundary is only known by tradi- I ' 1 j|j| 

Close String, or Box String. A _ j | ||j| 

method of finishing the outer edge L = I ! 

of stairs, by building up a sort of j || 

curb string on which the balusters ^ 
set, and the treads and risers stop LI3|| i JJHJl 

Clustered. In architecture, the l. 
coalition of several members which Bath Abbey 

penetrate each other. flying buttress and clere-story 

Clustered Column. Several slen- . , ,. ... . . „ . 

der pillars attached to each other , f ’ buttress with pinnacle; B, flying 
so as to form one. The term is used but supporting clere-story; C, 
in Roman architecture to denote two vault ? d roof f a ! sle; D ”’ 
or four columns which appear to in- nave from a,slu; h ' vaulted roof of nave 
tersect each other at the angle of a building to answer at each 
return. 

Coat A thickness or covering of paint, plaster, or other work, Yligji 
done at one time. The first coat of plastering is called the * Hw 

scratch coat, the second coat (when there are three coats) is |[j| 
called the brown coat, and the last coat is variously known as the |||R . 
slipped coat, skimeoat, or white coat. It varies in composition yil 
in different localities. { tm 

Coffer. A deep panel in a ceiling. ||| 

Coffer Dam. A frame used in the building of a bridge in ||| 
deep water, similar to a caisson. Ilfl 

Collar Beam. A beam above the lower ends of the rafters, 
and spiked to them. clustered 

Colonial Architecture. The architecture of a colony or coin- column 
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nies; especially in American use as late as the beginning of the nineteenth 
century. (See Georgian Architecture.) 

Colonnade. A row of columns. The colonnade is termed, according to 
the number of columns which support the entablature: Tetrastyle, when there 
are four; hexastyle, when six; octostyle, when eight, etc. When in front of a 
building they are termed porticos; when surrounding a building, peristyle; 
and when double or more, polystyle. 

Colosseum, or Coliseum. The immense amphitheater built at Rome by 
Flavius Vespasian, a.d. 72, after his return from his victories over the Jews. It 
would contain ninety thousand persons sitting, and twenty thousand more 
standing. The name is now employed to denote an unusually large audience 
building, generally of a temporary nature. 


Colossus. The name of a brazen 
statue which was erected at the en¬ 
trance of the harbor at Rhodes, one 
hundred and five feet in height. 
Vessels could sail between its legs. 

Column. A round pillar. The 
parts are the base, on which it rests; 
its body, called the shaft; and the 
head, called the capital. The capital 
finishes with a horizontal table, called 
the abacus, and the base commonly 
stands on another, called the plinth. 
Columns may be either insulated or 
attached. They are said to be at¬ 
tached or engaged when they form 
part of a wall, projecting one-half or 
more, but not the whole, of their 
substance. 

Common. A line, angle, surface, 
etc., which belongs equally to several 
objects. Common centring is a cen¬ 
tring without trusses, having a tie 
beam at bottom. Common joists arc 
the beams in naked flooring to which 
the joists are fixed. Common rafters 
in a roof are those to which the 
laths are attached. 



Composite Arch. Is the pointed or lancet arch. 

Composite Order. The most elaborate of the orders of classical archi¬ 
tecture. 


Compound Arch. A usual form of mediaeval arch, which may be resolved 
into a number of concentric archways, successively placed within and behind 
each other. 


Concour. (Fr.) Competition. 

Conduit. A long narrow passage between two wails or underground for 
secret communication between different apartments; also, a canal or pipe for 
the conveyance of water. 

Confessional. The seat where a priest or confessor sits to hear confessions. 
Conge. Another name for the echinus or quarter round. 
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Conservatory. A building for the protection and rearing of tender plants, 
often attached to a house as an apartment. Also, a public place of instruction, 
designed to preserve and perfect the knowledge of some branch of learning o* 
the fine arts; as a conservatory of music. 

Consistory. The judicial hall of the College of Cardinals at Rome. 

Consol, or Console. A bracket or truss, generally 
with scrolls or volutes at the two ends, of unequal 
size and contrasted, but connected by a flowing line 
from the back of the upper one to the inner con¬ 
volving face of the lower. 

Coping. The capping or covering of a wall. 

This is of stone, weathered to throw off the wet. 

In Norman times, as far as can be judged from the 
little there is left, it was generally plain and flat, 
and projected over the wall with a floating to form 
a drip. Afterward it assumed a torus or bowtell at 
the top, and became deeper, and in the Decorated period there were generally 
several off-sets. The copings in the Perpendicular period assumed something 
of the wavy section of the buttress caps, and mitred round the sides of the em¬ 
brasure, as well as the top and bottom. 

Corbel. The name, in mediaival architecture, for a piece of stone jutting out 
of a wall to carry any superincumbent weight. A piece of timber projecting in 
the same way was called a tassel or a bragger. Thus, the carved ornaments 
from which the vaulting shafts spring at Lincoln are corbels. Norman corbels 
are generally plain. In the Early English period they are sometimes elab¬ 
orately carved. They sometimes end with a point, apparently growing into 
the wall, or forming a knot, and often are supported by angles and other fig¬ 
ures. In the later periods the foliage or ornaments resemble those in the 
capitals. In modern architecture, a short piece of stone or wood projecting 
from a wall to form a support, generally ornamented. 

Corbel Out. To build out one or more courses of brick or stone from the 
face of a wall, to form a support for timbers. 

Corbel Table. A projecting cornice or parapet, supported by a range of 
corbels a short distance apart, which carry a molding, above which is a plain 
piece of projecting wall forming a parapet, and covered by a coping. Some¬ 
times small arches are thrown across from corbel to corbel, to carry the pro¬ 
jection. 

Cornice. The projection at the top of a wall finished by a blocking-course, 
common in classic architecture. In Norman times, the wall finished with a 
corbel table, which carried a portion of plain projecting work, which was 
finished by a coping, and the whole formed a parapet. In Early English times 
the parapet was much the same, but the work was executed in a much better 
way, especially the small arches connecting the corbels. In the Decorated 
period the corbel table was nearly abandoned, and a large hollow, with one or 
two subordinate moldings, substituted; this is sometimes filled with the ball- 
flowers, and sometimes with running foliages. In the Perpendicular style 
the parapet frequently did not project beyond the wall-line below; the mold¬ 
ing then became a string (though often improperly called a cornice), and was 
ornamented by a quatrefoil, or small rosettes, set at equal intervals imme¬ 
diately under the battlements. In many French examples the molded string 
is very bold, and enriched with foliage ornaments. 
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Corona. The brow of the cornice which projects over the bed moldings to 
throw off the water. 

Corridor. A long gallery or passage in a mansion connecting various apart¬ 
ments and running round a quadrangle. Any long passageway in a building. 

Countersink. To make a cavity for the reception of a plate of iron, or the 
head of a screw or bolt, so that it shall not project beyond the face of the work. 

Coupled Columns. Columns arranged in pairs. 

Course. A continued layer of bricks or stones in buildings; the term is also 
applicable to slates, shingles, etc. 

Court An open area behind a house, or in the center of a building and the 
wings. Courts admit of the most elegant ornamentations, such as arcades, 
etc. 

Cove, Coving. The molding called the cavetto, or the scotia inverted, on 
a large scale, and not as a mere molding in the composition of a cornice, is 
called a cove or a coving. 

Cove-bracketing. The wooden skeleton mold or framing of a cove, applied 
chiefly to the bracketing of a cove ceiling. 

Cove Ceiling. A ceiling springing from the walls with a curve. 

Coved and Flat Ceiling. A ceiling in which the section is the quadrant of 
a circle, rising from the walls and intersecting in a flat surface. 

Cradling. Timber work for sustaining the lath and plaster of vaulted 
ceilings. 

Cresting. An ornamental finish in the wall or ridge of a building, which is 
common on the Continent of Europe. An example occurs at Exeter Cathe¬ 
dral, the ridge of which is ornamented with a range of small fleurs-de-lis in lead. 

Crocket. An ornament running up the sides of gablets, 
hood-molds, pinnacles, spires; generally, a winding stem 
like a creeping plant, with flowers or leaves projecting at 
intervals, and terminating in a finial. 

Cross. This religious symbol is almost always placed 
on the ends of gables, the summit of spires, and other 
conspicuous places of old churches. In early times it was 
generally very plain, often a simple cross in a circle. 

Sometimes they take the form of a light cross, crosslet, 
or a cross in a square. In the Decorated and later 
styles they became richly floriated, and assumed an end¬ 
less variety of forms. Of memorial crosses the finest ex¬ 
amples are the Eleanor crosses, erected by Edward I. Of 
these a few yet remain, one of which has recently been reerected at Charing 
Cross. Preaching crosses were often set up by the wayside as stations for 
preaching; the most noted is that in front of St. Paul’s, England. The finest 
remaining sepulchral crosses are the old elaborately carved examples found 
in Ireland. 

Cross-aisle. An old name for a transept. 

Cross-springer. The transverse ribs of a vault. 

Cross-vaulting. A common name given to groins and cylindrical vaults. 

Crown. In architecture the uppermost member of the cornice; called also 
Corona and Larmier. 
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Crypt. A vaulted apartment of greater or less size, usually under the 
choir. 

Cupola. A small room, either circular or polygonal, standing on the top of 
a dome. By some it is called a Lantern. 

Curb Roof, or Mansard Roof. A roof formed of four contiguous planes, 
each two having an external inclination. 

Curtail Step. The first step in a stair, which is generally finished in the 
form of a scroll. 

Cusp. The point where the foliations of tracery intersect. The earliest 
example in England of a plain cusp is probably that at Pythagoras School, at 
Cambridge, of an ornamental cusp, at Ely Cathedral, where a small roll, with a 
rosette at the end, is formed at the termination of a cusp. In the later styles 
the terminations of the cusps were more richly decorated; they also sometimes 
terminate not only in leaves or foliages, but in rosettes, heads, and other 
fanciful ornaments. 

Cyclostyle. A structure composed of a circular range of columns without a 
core is cyclostylar; with a core, the range would be a peristyle. This is the 
species of edifice called by Vitruvius monopteral. 

Cyma. The name of a molding of very frequent use. 
line, concave at one end and convex at the other, like 
an italic /. When the concave part is uppermost it is 
called a cyma recta, but if the convexity appear above, 
and the concavity below, it is then a cyma reversa. 

Cymatium. When the crowning molding of an en¬ 
tablature is of the cyma form, it is termed the Cyma¬ 
tium. 

Cyrtostyle. A circular projecting portico. Such are 
those of the transept entrances of St. Paul’s Cathedral, 

London. 

Dado, or Die. The vertical face of an insulated pedestal between the base 
and cornice, or surbase. It is extended also to the similar part of all stercobates 
which are arranged like pedestals in Roman and Italian architecture. 

Dais. A part of the floor at the end of a mediaeval hall, raised a step above 
the rest of the floor. On tins the lord of the mansion dined with his 
friends at the great table, apart from the retainers and servants. In mediaeval 
halls there was generally a deep recessed bay window at one or at each end 
of the dais, supposed to be for retirement, or greater privacy than the open 
hall could afford. In France the word is understood as a canopy or hanging 
over a seat; probably the name was given from the fact that the seats of great 
men were then surmounted by such an ornament. 

Darby. A flat tool used by plasterers in working, especially on ceilings. It 
is generally about seven inches wide and forty-two inches long, with two "han¬ 
dles on the back. 

Decastyle. A portico of ten columns in front. 

Decorated Style. The second stage of the Pointed or Gothic style of archi¬ 
tecture, considered the most complete and perfect development of Gothic 
architecture, the best examples of which are found in England. 

Demi-metope. The half of a metope, which is found at the retiring or pro¬ 
jecting angles of a Doric frieze. 


It is a simple, waved 


t x= 
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Denmark, Architecture of. 1 he peninsula of Jutland as far south as Ribe, the 
islands of Zealand, Funen, Laaland, and Borncholm, with some smaller islands, 
are the territories properly included in Denmark. In considering the archi¬ 
tecture of the region it is to be noted that its influence on the rest of Europe 
has been slight, and, however attractive the buildings are to the traveler, they 
have never been studied with any thoroughness. The earliest buildings of 
consequence are the round churches, of which four are on the island of Borne- 
holm, one on the island of Funen, two on the island of Zealand, and one only 
on the mainland. They are generally alike in having a choir of great length, 
and the entrance porch at the opposite side sometimes carried up into a tower. 
Other churches in Denmark are generally Romanesque, simple in character 
such as corresponds to the plainer churches of the second half of the twelfth 
century in Germany. A curious cruciform church without aisles has five 
towers, a square one at the crossing and an octagonal one at the end of each 
arm of the cross; as no group of towers known has greater possibilities, it 
would have been interesting had the Gothic builders pushed the scheme to a 
final result. The Danish builders took a marked interest in the German 
Neoclassic Architecture of the sixteenth or seventeenth centuries, although 
there are many signs of independent thought. A most interesting state 
Louse, and two royal castles with lofty dormers are mainly of the sixteenth 
century. Later buildings are of the fantastic eighteenth century. The prin¬ 
cipal royal palace is of simple and tasteful design. 

Dentil. The cogged or toothed member, common in the bed-mold of a 
Corinthian entablature, is said to be den tiled, and each cog or tooth is called 
a dentil. 

Depressed Arches, or Drop Arches. Those of less pitch than the equilateral. 

Design. The plans, elevations, sections, and whatever other drawings may 
be necessary for an edifice, exhibit the design, the term plan having a restricted 
application to a technical portion of the design. 

Detail. As used by architects, detail means the smaller parts into which a 
composition may be divided. It is applied generally to moldings and othei 
enrichments, and again to their minutiae. 

Diameter. The line in a circle passing through its center, or thickest part, 
which gives the measure proportioning the intercolumniation in some of the 
orders. 

Diameters. The diameters of the lower and upper ends of the shaft of a 
column are called its inferior and superior diameters, respectively; the former 
is the greatest, the latter the least diameter of the shaft 

Diaper. A method of decorating a wall, panel, stained glass, or any plain 
surface, by covering it with a continuous design of flowers, rosettes, etc., either 
in squares or lozenges, or some geometrical form resembling the pattern of a 
diapered table-cloth, from which, in fact, the name is supposed by some to 
have been derived. 

Diastyle. A spacious intercolumniation, to which three diameters are 
assigned. 

Dipteros. A double-winged temple. The Greeks are said to have con¬ 
structed temples with two ranges of columns all around, which were called 
dipteroi. A portico projecting two columns and their interspaces is of dip¬ 
teral or pseudo-dipteral arrangement. 

Discharging Arch. An arch over the opening of a door or window, to dis« 
charge or relieve the superincumbent weight from pressing on the lintel. 
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Distemper. Term applied to painting with colors mixed with size or other 
.glutinous substance. All the cartoons of the ancients, previous to the year 
1410, are said to be done in distemper. 

Distyle. A portico of two columns. This is not generally applied to the 
mere porch with two columns, but to describe a portico with two columns 
in antis. 

Ditriglyph. As intercolumniation in the Doric order, of two triglyphs. 

Dodecastyle. A portico of twelve -columns in front. The lower one of the 
west front of St Paul’s Cathedral, London, is of twelve columns, but they are 
coupled, making the arrangement pseudo-dodecastyle. The Chamber of 
Deputies in Paris has a true dodecastyle. 

Dog-tooth. A favorite enrichment used from the latter part of the Norman 
period to the early part -of the Decorated. It is in the form of a four-leaved 
flower, the center of which projects, and probably was named from its resem¬ 
blance to the dog-toothed violet. 

Dome. A cupola or inverted cup on a building. The application of this 
term to its generally received purpose is from the Italian custom of calling an 
archiepiscopal church, by way of eminence, II Duomo, the temple; for to one 
of that rank, the Cathedral of Florence, the cupdla was first applied in modem 
practice. The Italians themselves never call a cupola a dome; it is on this 
side of the Alps the application has arisen, from the circumstance, it would 
appear, that the Italians use the term with reference to those structures whose 
most distinguishing feature is the cupola, tholus, or (as we now call it) dome. 

Domestic Architecture. That branch which relates to private buildings. 

Donjon. The principal tower of a castle, generally containing the prison. 

Door Frame. The surrounding case onto and out of which the door shuts 
and opens. It consists of two upright pieces, called jambs, and a head, gen¬ 
erally fixed together by mortices and tenons, and wrought, rebated, and 
beaded. 

Doric Order. The oldest of the three orders of Grecian architecture. 

Dormer Window. A window belonging to a room in a roof, which conse¬ 
quently projects from it with a valley gutter on each side. They are said not to 
be earlier than the fourteenth century. In Germany there are often several 
rows of dormers, one above the other. In Italian Gothic they are very rare; 
in fact, the former have an unusually steep roof, while in the latter country, 
where the Italian tile is used, the roofs are rather flat. 

Dormitory. A room, suite of rooms, or building used to sleep in. The name 
was first applied to the place where the monks slept at night. It was some¬ 
times one long room like a barrack, and sometimes divided into a succession of 
small chambers or cells. The dormitory was generally on the first floor, and 
connected with the church, so that it was not necessary to go out of doors to 
attend the nocturnal services. In the large houses of the Perpendicular 
period, and also in some of the Elizabethan, .the entire upper story in the «oof 
formed one large apartment, said to have been a place for exercise in wet 
weather, and also for a dormitory for the retainers of the household, or those 
of visitors. 

Double Vault. Formed by a duplicate wall* wine cellars are sometimes so 
tormed. 
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Dovetailing. In carpentry and joinery, the method of fastening boards or 
other timbers together, by letting one piece into another in the form of the 
expanded tail of a dove. 

Dowel. A pin let into two pieces of wood or stone, where they are joined 
together. A piece of wood driven into a wall so that other pieces may be 
nailed to it. This is also called plugging. 

Draw-bridge. A bridge made to draw up or let down, much used in fortified 
places. In navigable rivers, the arch over the deepest channel is made to 
draw or revolve, in order to let the masts of ships pass through. 

Drawing-room. A room appropriated for the reception of company; a 
room to which company withdraws from the dining-room 

Dresser. A cupboard or set of shelves to receive dishes and cooking uten¬ 
sils. 


Dressing. Is the operation of squaring and smoothing stones for building; 
also applied to smoothing lumber. 

Dressing-room. An apartment appropriated for dressing the person. 

Drip. A name given to the member of a cornice which has a projection 
beyond the other parts for throwing off water by small portions, drop by drop. 
It is also called Larmier. 


Drip-stone. The label molding which serves on a canopy for an opening, 
and to throw off the rain. It is also called Weather Molding. 

Drop-scene. A curtain suspended by pulleys, which descends or drops in 
front of the stage in a theater. 

Drum. The upright part of a cupola over a dome; also, the solid part or 
vase of the Corinthian and Composite capitals. 

Dry-rot. A rapid decay of timber, by which its substance is converted into 
a dry powder, which issues from minute cavities resembling the borings of 
worms. 


Dungeon. The prison in a castle keep, so called because the Norman name 
for the latter is donjon, and the dungeons, or prisons, are generally in its lowest 
story. 

Dwarf Wall. The walls enclosing courts above which are railings of iron; 
low walls, in general, receive this name. 

Eaves. In slating and shingling, the margin or lower part of the slating 
hanging over the wall, to throw the water off from the masonry or brickwork. 


Echinus. A molding of eccentric curve, gener¬ 
ally cut (when it is carved) into the forms of eggs 
and anchors alternating, whence the molding is 
called by the name of the more conspicuous. It 
is the same as Ovolo, 



ECHINUS 


Edifice. Is synonymous with the terms building, fabric, erection, but is 
more strictly applicable to architecture distinguished for size, dignity, and 
grandeur. 

Efflorescence. In architecture, the formation of a whitish loose powder, or 
crust, on the surface of stone or brick walls. 

Egyptian Architecture. The earliest civilization and cultivation of the arts 
was in Upper Egypt. The most remarkable and most ancient monuments of 
the Egyptians, with the exception of the pyramids, are nearly all included in 
Upper Egypt. The buildings of Egypt are characterized by solidity and mas- 
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sivenessof construction, originality of conception, and boldness of form. The 
walls, the pillars, and the most sacred places of their religious buildings were 
ornamented with hieroglyphics and symbolical figures, while the ceilings of 
the porticos exhibited zodiacs and celestial planispheres. The temples of 
Egypt were generally without roofs, and, consequently, the interior colon¬ 
nades had no pediments, supporting merely an entablature, composed of only 
architrave, frieze, and cornice, formed of immense blocks united without 
cement and ornamented with hieroglyphics. 

Element. The outline of the design of a Decorated window, on which the 
centers for the tracery are formed. These centers will all be found to fall on 
points which, in some way or other, will be equimultiples of parts of the open¬ 
ings. To draw tracery well, or understand even the principles of its compo¬ 
sition, much attention should be given to the study of the element. 

Elevation. The front facade, as the French term it, of a structure; a geo¬ 
metrical drawing of the external upright parts of a building. 

Elizabethan Architecture. The architecture of the reign and time of Queen 
Elizabeth in England. That which grew out of the Tudor style mainly by 
means of the great country houses built by noblemen and landholders in 
England. 

Embattlement. An indented parapet; battlement. 

Emblazon. To adorn with figures of heraldry, or ensigns armorial. 

Embossing. Sculpture in rilievo, the figures standing partly out from the 
plane. 

Embrasure. The opening in a battlement between the two raised solid por¬ 
tions or merlons, sometimes called a crenelle. 

Encaustic. Pertaining to the art of burning in colors, applied to painting on 
glass, porcelain, or tiles, where colors are fixed by heat; hence, encaustic tiles, 
bricks, etc. 

Engaged Columns. Arc those attached to, or built into walls or piers, a 
portion being concealed. 

England, Architecture of. The history of architecture in England begins 
with the history of her people; the styles of architecture were modified by the 
changes in the various political systems: Roman, Saxon and Norman were 
the influence in early times. From the French came the first inspiration for 
Gothic work, which went through its various phases into the Tudor. At that 
time the architectural interest centered on the domestic instead of the out¬ 
standing cathedrals and monasteries, and the Elizabethan, Queen Anne, and 
English classic are developed. The Oxford movement caused a study of all 
periods in the history of architecture, and resulted in the multiplicity of styles. 
Among them all there is, however, much that has a sterling ring. There is 
good sound Gothic, full of vigor and life; there is Gothic touched with the 
sixteenth-century spirit and Italian detail. There is classic, as of Wren, in its 
simple robustness, there is Renaissance of Flanders and the Lowlands;, occa¬ 
sionally some French Renaissance There are Tudor, Elizabethan, and 
Jacobean, all these and more in Victoria’s days. 

Enrichment. The addition of ornament, carving, etc., to plain work; 
decoration; embellishment. 

Ensemble. Means the whole work or composition considered together, and 
not in parts. 

Entablature. The assemblage of parts supported by the column. It con¬ 
sists of three parts: the architrave, frieze, and cornice. 
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Entail. In Gothic architecture, delicate carving. 

Entasis. The swelling of a column, etc. In mediaeval architecture, some 
spires, particularly those called “ broach spires,” have a slight swelling in the 
sides, but no more than to make them look straight; for, from a particular 
“ deceptio visus,” that which is quite straight, when viewed at a height, looks 
hollow. 

Entry. A hall without stairs or vestibule. 

Epistyle. This term may with propriety be applied to the whole entabla¬ 
ture, with which it is synonymous; but it is restricted in use to the architrave, 
or lowest member of the entablature. 

Escutcheon. (Her.) The field or ground on which a coat-of-arms is repre¬ 
sented. (Arch) The shields used on tombs, in the spandrels of doors, or in 
string-courses; also, the ornamented plates from the center of which door 
rings, knockers, etc., are suspended, or which protect the wood of the keyhole 
from the wear of the key. In medieval times these were often worked in a very 
beautiful manner. 

Eskimo Architecture. The architecture of the tribes occupying the polar 
shores and regions of North America, and to a limited extent Siberia, who are 
called Eskimos or Esquimaux. 

Esquisse. (Fr.) Sketch from which project is developed with least pos¬ 
sible deviation. 

Esquisse-Esquisse. (Fr.) A quickly presented sketch problem. 

Etching. A mode of engraving on glass or metal (generally copper) by 
means of lines, eaten in or corroded by means of some strong acid. 

Etruscan Architecture. The remains of Etruscan architecture are so few 
that they might be passed over, were it not for the very important part they 
play in the foundation of Roman architecture. There are two classes* (1) 
Structures erected in stone have in part lasted to the present day; as the roads, 
walls and arched entrance gates; (2) those built of ephemeral materials have 
long since passed away, of which only conjecture can be made from writ¬ 
ings of historians, collections in museums, and evidence given in designs of 
their tombs. 

Eustyle. A species of intercolumniation to which a proportion of two diam¬ 
eters and a quarter is assigned. This term, together with the others of similar 
import—pycnostyle, systyle, diastyle, and aneostyle—referring to the distance 
of columns from one another in composition, is from Vitruvius, who assigns to 
each the space it is to express. It will be seen, however, by reference to them 
individually, that the words themselves, though perhaps sufficiently applica¬ 
ble convey no idea of an exactly defined space, and, by reference to the 
columnar structures of the ancients, that no attention was paid by them to 
such limitations. It follows, then, that the proportions assigned to each are 
purely conventional, and may or may not be attended to without vitiating the 
power of applying the terms. Eustyle means the best or most beautiful 
arrangement; but, as the effect of a columnar composition depends on many 
things besides the diameter of the columns, the same proportioned inter¬ 
columniation would look well or ill according to those other circumstances, 
so that the limitation of Eustyle to two diameters and a quarter is absurd. 

Exedra. In classical archaeology, a place partly enclosed and roofed over, 
and provided with seats; also, a covered room or hall opening from a colon¬ 
nade, and arranged as a lecture-room or court-room; an outhouse, or shed; a 
hall for meetings. In English usage, usually a semicircular, or nearly semi- 



2194 


Glossary 


[Part 3 


circular, raised seat, the back of which forms a low wall, and especially one of 
considerable size and of some pretensions. Jhis sense is derived from the 
rounded apses of the Roman basilicas, which were fitted with a permanent 
seat, and served regularly, or on special occasions, for court-rooms. 

Exercise en loge. (Fr.) Drawings prepared without assistance, criticism, 
or the use of documents. 

Extrados. The exterior or convex curve forming the upper line of the arch 
stones; the term is opposed to the intrados, or concave side. 

Eye of a Dome. The apperture at its summit. 

Eye of a Volute. The circle in its center. 

Facade, or Face. The whole exterior si \c of a building that can be seen at 
one view; strictly speaking, the principal front. 

Face Mold. The pattern for marking the plank or board out of which 
ornamental hand-railings for stairs and other works are cut. 

Fan Tracery. The very complicated mode of roofing used in the Perpen¬ 
dicular style, in which the vault is covered by ribs and veins of tracery. 


Fascia. A flat, broad member in the entablature of columns or other parts 
of buildings, but of small projection. The architraves in some of the orders 
are composed of three bands, or fasciae; the Tuscan and the Doric ought to 
have only one. Ornamental projections from the walls of brick buildings 
over any of the windows, except the uppermost, are called Fascke. 

Fenestral. A frame, or “chassis,” on which oiled paper or thin cloth was 
strained to keep out wind and rain when the windows were not glazed. 
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Festoon. An ornament of carved work, representing a wreath or garland of 
flowers or leaves, or both, interwoven with each other. It is thickest in the 
middle, and small at each extremity, where it is 
tied, a part often hanging down below the knot. 

Fillet. A narrow vertical band or listcl of 
frequent use in congeries of moldings, to sepa¬ 
rate and combine them, and also to give breadth 
and firmness to the upper edge of a crowning festoon 

cyma or cavetto, as in an external cornice. The narrow slips of breadth 
between the flutes of Corinthian and Ionic columns are also called fillets. In 
mediaeval work the fillet is a small, flat, projecting square, chiefly used to sep¬ 
arate hollows and rounds, and often found in the outer parts of shafts and 
boutels. In this situation the center fillet has been termed a keel, and the 
two side ones, wings; but, apparently, this is not an ancient usage. 

Finial. The flower, or bunch of flowers, with which a spire, pinnade, 
gablet, canopy, etc., generally terminates. Where 
there are crockets, the finial generally bears as close 
a resemblance as possible to them in point of design. 

They are found in early work where there are no 
crockets. The simplest form more resembles a bud I 
about to burst than an open flower. They soon \ 
became more elaborate, as at Lincoln, and still more, 
as at Westminster and the H6tel Cluny at Paris. 

Many perpendicular finials are like four crockets 
bound together. Almost every known example of a 
finial has a sort of necking separating it from the 
parts below. 
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Fireplaee. That part of a building which is arranged for the making of 
fires, as for warmth; especially, such a provision when made for open fires 
of coal or wood, as distinguished from furnaces, stoves, or the elaborate 
holocaust of the Romans. In this sense the fireplace is either the hearth in 
the middle of the room, as common in primitive times, the smoke escaping 
through openings in the roof, or a part of a chimney. The latter sense is the 
ordinary use of the term fireplace, and implies a recess in the wall or chimney- 
breast which connects directly with a flue for smoke. It is a recess or a space 
enclosed by two jambs or cheeks, and terminating above in the flue. The 
decoration of the fireplace has always been important, because that one part 
of the room is wholly different in its uses, and probably in its material as well, 
from the rest. 

Fish-joint. A splice where the pieces are joined butt end to end, and are 
connected by pieces of wood or iron placed on each side and firmly bolted to 
the timbers, or pieces joined. 

Flags. Flat stones, from 1 to 3 inches thick, for floors. 

Flamboyant. A name applied to the Third Pointed style in France, which 
seems to have been developed from the Second, as the English Perpendicular 
was from the Decorated. The great characteristic is, that the element of the 
tracery flows upward in long wavy divisions like flames of fire. In most cases, 
also, every division has only one cusp on each side, however long the division 
may be. The moldings seem to be as much inferior to those of the preceding 
period as the Perpendicular moldings were to the Early English, a fact which 
seems to show that the decadence of Gothic architecture was not confined to 
one country. 

Flange. A projecting edge, rib, or rim. Flanges are often cast on the topor 
bottom of iron columns, to fasten them to those above or below; the top and 
bottom of I-beams and channels are called the flange. 

Flashings. Pieces of lead, tin, or copper, let into the joints of a wall so as to 
lap over gutters or other pieces; also, pieces worked in the slates or shingles 
around dormers, chimneys, and any rising part, to prevent leaking. 

Flatting. Painting finished without leaving a gloss on the surface. 

Fleche. A general term in French architecture for a spire, but more par¬ 
ticularly used for the small, slender erection rising from the intersection of 
the nave and transepts in cathedrals and large churches, and carrying the 
sanctus bell. 

Fleur-de-lis. The royal insignia of France, much used in decoration. 

Flight A run of steps or stairs from one landing to another. 

Floating. The equal spreading of plaster or stucco on the surface of walls, 
by means of a board called a float; as a rule, only rough plastering is floated. 

Floriated. Having florid ornaments, as in Gothic pillars. 

Flue. The space or passage in a chimney through which the smoke ascends. 
Each passage is called a flue, while all together make the chimney. 

Flush. The continued surface, in the same plane, of two contiguous masses. 

Flute. A concave channel. Columns whose shafts are channeled are said 
to be fluted, and the flutes are collectively called Flutings. 

Flying Buttress* An arched buttress used when extra strength was required 
for the upper part of the wall of the nave, etc., to resist the outward thrust of a 
vaulted ceiling. The flying buttress generally rests on the wall and buttress of 
the aisle. 
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Foils. The small arcs in the tracery of Gothic windows, panels, etc. 

Foliage. An ornamental distribution oi leaves on various parts of buildings. 

Foliation. The use of small arcs or foils in forming tracery. 

Font. The vessel used in the rite of baptism. The earliest extant is sup¬ 
poses to be that in which Constantine is said to have been baptized; this is a 
porphyry labrum from a Roman bath. Those in the baptisteries in Italy are 
all large, and were intended for immersion; as time went on, they seem to have 
become smaller. Fonts are sometimes mere plain hollow cylinders, generally a 
little smaller below than above; others are massive squares, supported on a 
thick stem, round which sometimes there are smaller shafts. In the Early 
English this form is still pursued, and the shafts are detached; sometimes, how¬ 
ever, they are hexagonal and octagonal, and in this and the later styles assume 
the form of a vessel on a stem. Norman fonts frequently have curious carv¬ 
ings on them, approaching the grotesque; in later times the foliages, etc., 
* partook absolutely of the character of those used in other architectural details 
of their respective periods. The font in European churches is usually placed 
close to a pillar near the entrance, generally that nearest but one to the tower 
in the south arcade; or, in large buildings, in the middle of the nave, opposite 
the entrance porch, and sometimes in a separate building. In Protestant 
churches in this country, the font is generally placed inside the communion 
rail, or on the steps of the chancel. 

Footings. The spreading courses at the base or foundation of a wall. When 
a layer of different material from that of the wall (as a bed of concrete) is used, 
it is called the Footing. 

Foundation. That part of a building or wall which is below the surface of 
the ground. 

Foxtail Wedging. Is a peculiar mode of mortising, in which the end of the 
tenon is notched beyond the mortise, and is split and a wedge inserted, which, 
being forcibly driven in, enlarges the tenon and renders the joint firm and 
immovable. 

Frame. The name given to the wood-work of windows, doors, etc.*, and in 
carpentry, to the timber works supporting floors, roofs, etc. 

Framing. The rough timber work of a house, including the flooring, roofing, 
partitioning, ceiling, and beams thereof. 

France, Architecture of. The architecture of the modern state of France; it 
should be divided into its various architectural sections. This region was all 
included in the Roman Gallia, and Roman remains are found in all parts. 
Many of the sect’ons were independent states, or nearly so, and as architec¬ 
ture is developed according to the mode of living, each province should be 
taken separately to understand the architectural vicissitudes of France. The 
mere mentioning of a few of these divisions, like Parisian France, Flemish 
France, Normandy, Brittany, tells the diversity of the people. This para¬ 
graph, however, will treat France as a whole, and the simple statement will be 
made that it was not until the beginning of the Renaissance that the country 
became one in the modern sense. France is the richest country in Europe in 
buildings of value to the Western student (later than the time of the fall of the 
Roman Imperial dominion), In the eleventh century France takes the lead 
in Europe, with noblest and richest as well as most varied Romanesque. In 
the twelfth century the lead is still more decided, in spite of the magnificent 
German round-arched cathedrals, for the Gothic art beginning about 1150 
is entirely French in the strictest sense, all the other European lands having 
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taken their primary and most of their subsequent impulses from the French 
royal domain. Practically the same may be said of the works of the later 
Gothic style and of the Renaissance in France, which developed the styles 
of Louis XV and XVI. Present-day architecture is deserting the conven¬ 
tional, and the final development is awaited with interest. On the whole, 
then, the architecture of France since the beginning of the Romanesque period 
is the most important for the modern student. 

Freestone. Stone which can be used for molding, tracery, and other work 
required to be executed with the chisel. The oolitic and sandstone are those 
generally included by this term. 

Fresco. The method of painting on a wall while the plastering is wet. The 
color penetrates through the material, which, therefore, will bear rubbing 01 
cleaning to almost any extent. The transparency, the chiaroscuro, and 
lucidity, as well as force, which can be obtained by this method, cannot be con¬ 
ceived unless the frescos of Fra Angelico or Raphael are studied. The word, 
however, is often applied improperly to painting on the surface in distemper or 
body color, mixed with size or white of egg, which gives an opaque effect. 

Fret. An ornament consisting of small fillets inter¬ 
secting each other at right angles. 

Frieze. That portion of an entablature between 
the cornice above and and architrave below. It derives 
its name from being the recipient of the sculptured en- fret 

richments either of foliage or figures which may be rele¬ 
vant to the object of the sculpture. The frieze is also called the Zodsphorus. 

Frigidarium. An apartment in the Roman bath, supplied with cold water. 

Furniture. Formerly a name given to the metal trimmings of doors, win¬ 
dows, and other similar parts of a house. In this country the word “ hardware ” 
is more generally used to denote the same thing. Household furnishings. 

Furrings. Flat pieces of timber used to bring an irregular framing to an 
even surface. 

Gable. When a roof is not hipped or returned on itself at the ends, its ends 
are stopped by carrying up the walls under them in the triangular form of the 
roof itself. This is called the gable, or, in the case of the ornamental and orna¬ 
mented gable, the pediment. Of necessity, gables follow the angles of the 
slope of the roof, and differ in the various styles. In Norman work they are 
generally about half-pitch; in Early English, seldom less than equilateral, 
and often more. In Decorated work they become lower, and still more so in 
the Perpendicular style. In all important buildings they are finished with 
copings or parapets. In the Later Gothic styles gables are often surmounted 
with battlements, or enriched with crockets; they are also often paneled or 
perforated, sometimes very richly. The gables in ecclesiastical buildings are 
mostly terminated with a cross; in others, by a finial or pinnacle. In later 
times the parapets or copings were broken into a sort of steps, called corbie 
steps. In buildings of less pretension the tiles or other roof covering passed 
over the front of the wall, which then, of course, had no coping. In this case, 
the outer pair of rafters were concealed by molded or carved verge boards. 

Gable Window. A term sometimes applied to the large window under a 
gable, but more properly to the windows in the gable itself. 

Gabled Towers. Those which are finished with gables instead of parapets* 
Many of the German Romanesque towers are gabled. 
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Outlets. Triangular terminations to buttresses, much in use in the Early 
English and Decorated periods, after which the buttresses generally terminate 
in pinnacles. The Early English gablets are generally plain, and very sharp in 
pitch. In the Decorated period they are olten enriched with paneling and 
crockets. They are sometimes finished with small crosses, but oftener with 
fiaials. 

Gain. A beveled shoulder on the end of a mortised brace, for the purpose of 
giving additional resistance to the shoulder. 

Gallery. Any long passage looking down into another part of a building, or 
into the court outside. In like manner, any stage erected to carry a rood or an 
organ, or to receive spectators, was latterly called a gallery, though originally a 
loft. In later times the name was given to any very long rooms, particularly 
those intended for purposes of state, or for the exhibition of pictures. 

Gambrel Roof. A roof with two pitches, similar to a mansard or curb roof. 

Gargoyle, or Gurgoyle. The carved termination 
to a spout which-conveyed away the water from the 
gutters, supposed to be called so from the gurgling 
noise made by the water passing through it. Gar¬ 
goyles are mostly grotesque figures. 

Gate-house. A building forming the entrance to 
a town, the door of an abbey, or the enceinte of a 
castle or other important edifice. They generally 
had a large gateway protected by a gate, and also a 
portcullis, over which were hattlemented parapets 
with holes (machicolations) for throwing down darts, 
melted lead, or hot sand on the besiegers. Gate¬ 
houses always had a lodge, with apartments for the 
porter, and guard-rooms for the soldiers; and, gen¬ 
erally, rooms over for the officers, and often places for prisoners beneath. The 
name is now commonly applied to the gate-keeper's lodge on large estates. 

Gauge. To mix plaster of Paris with common plaster to make it set quickly, 
called gauged mortar. A tool used by carpenters, to strike a line parallel to the 
edge of a board. 

Georgian Architecture. The architecture of the reigns of the four Georges 
In England—1714 to 1830. The term is more usually employed for that of the 
earlier reigns. Architecture of the same epoch in America has been called 
generally “ Colonial,” or “ Old Colonial,” but the term Georgian is applied to 
this also, as an expletive more accurate or more descriptive. 

Germany, Architecture of. That of the states constituting the present 
Republic. Since it is inhabited by people of various races, languages, man¬ 
ners, and religions, one might reasonably expect great contrasts in archi¬ 
tecture; but as a rule, whatever is borrowed from without or originates within 
is welded into an unmistakable German form. The early inhabitants appear 
to have commenced their architectural operations by scooping out caves in 
the rocks or hillsides. Examples remain rack-cut churches. Fragments of 
Roman buildings exist all over Germany. Typical German work shows the 
highest reach of constructional excellence of the pure Romanesque style. 
An Eastern influence is conspicuous in the Romanesque buildings which 
chiefly exhibits itself in churches planned and constructed in cubes, polygons, 
and {Mies, covered with domical vaults, semidomes, and lunette vaulting. 
Gothic cathedrals have had an important influence on German architecture. 
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The present-day architecture of Germany Is working along original line* and 
is dealing more in masses and undecorated surfaces, 

Girderv A large timber or iron beam, either single or built up, used to sup¬ 
port joists or walls over an opening. 

Glyph. A vertical channel in a frieze. 

Gothic Style* The name of Gothic was given to the various Mediaeval styles 
at a period in the sixteenth century when a great classic revival was going on, 
and everything not classic was considered barbarian, or Gothic. The term was 
thus originally intended as one of stigma, and, although it conveys a false idea 
of the character of the Media;val styles, it has long been used to distinguish 
them from the Grecian and Roman. The true principle of Gothic architecture 
is the vertical division, relation and subordination of the different parts, dis¬ 
tinct and yet at unity with each other, and while this principle was adhered to, 
Gothic architecture may be said to have retained its vitality. 

Grange. A word derived from the French, signifying a large bam or granary. 
Granges were usually long buildings with high wooden roofs, sometimes divided 
by posts or columns into a sort of nave and aisles, with walls strongly but¬ 
tressed. In England the term was applied not only to the barns, but to the 
whole of the buildings which formed the detached farms belonging to the 
monasteries; in most cases there was a chapel either included among these or 
standing apart as a separate edifice. 

Greco-Roman. An architecture of the beam and column, the lintel being 
used pure and unmixed by the Greeks, but forced into union with the arch 
by the Romans. 

Greece, Architecture of. That of the Republic of Greece, South Balkan 
peninsula and neighboring islands. Architectural history may be divided 
into periods coinciding with the country’s political history. The beginning of 
the prehistoric period is lost in the mists of antiquity. The ruins of massive 
fortification wails indicate a state of society resembling Feudal Europe in the 
Middle Ages. The surpassing loveliness of the scenery and the facility of 
intercourse with Oriental countries naturally served to stimulate the early 
artistic development of t \e people near the Argive Gulf, and Herodotus tells of 
the commercial attractions offered by this section of the Phoenician traders. 
The “ classic ” period (500 to 400 b.c.) is the culminating era. Artists had 
developed apace with rapid growth of wealth and refinement, and, as in the 
times of all good art, the architects, sculptors, and painters interlocked arms 
or were embodied in the same individuals. The octastyle Parthenon on the 
Athenian Acropolis represents the perfect Greek, temple. The beautiful 
Doric and Ionic temples are found in many places. Temples, stoas, gym¬ 
nasia, stadia, theaters, gateways, propylaea, and acropolises reached perfec¬ 
tion. The choragic monument of Lysi crates serves as a type for the Corin¬ 
thian order. In Greece wood was originally used for column and entablature. 
Stone was gradually substituted, retaining and petrifying the traditional 
wooden forms. The stone columns were usually built of several drums, and 
were often given a thin coat of lime plaster and painted an orange yellow. 
When marble was used, its smooth surface rendered the plaster unnecessary. 
The members of the entablature, ceilings and carved ornaments were also 
painted, chiefly in reds, blues and yellows. The Byzantine period finds 
Greece still but a province of the vast Roman empire, and only small and 
unimportant examples remain. During the Turkish period (1453-1831) 
Greece lay prostrate. Then followed the modern period with Austrians and 
Germans designing most of her buildings. 
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Grillage. A framework of beams laid longitudinally and crossed by similar 
beams laid upon them, used to sustain walls to prevent irregular setting. 

Grille. The iron-work forming the enclosure Screen to a chapel, or the pro¬ 
tecting railing to a tomb or shrine; more commonly found in France than in 
England. They are of wrought iron, ornamented by the swage and punch, and 
put together either by rivets or clips. In modern times grilles are used exten¬ 
sively for protecting the lower windows in city houses, also the glass opening in 
outside doors. 

Groin. By some described as the line of intersection of two vaults where 
they cross each other, which others call the groin point; by others the curved 
section or spandrel of such vaulting is called a groin, and by others the whole 
system of vaulting is so named. 

Groin Arch. The cross-rib in the later styles 
of groining, passing at right angles from wall to 
wall, and dividing the vault into bays or travees. 

Groin Ceiling. A ceiling to a building com¬ 
posed of oak ribs, the spandrels of which are filled 
in with narrow, thin slips of wood. There are 
several in England; one at the Early English 
church at Warmington, and one at Winchester 
Cathedral, exactly resembling those of stone. 

Groin Centring. In groining without ribs, the 
whole surface is supported by centring during 
the erection of the vaulting. In ribbed work the groined vaulting 
stone ribs only are supported by timber ribs during 

the progress of the work, any light stuff being used while filling in the spandrels. 

Groin Point. The name given by workmen to the arris or line of inter¬ 
section of one vault with another where there are no ribs. 

Groin Rib. The rib which conceals the groin point or joints, where the 
spandrels intersect. 

Groined Vaulting. The system of covering a building with stone vaults 
which cross and intersect each other, as opposed to the barrel vaulting, or series 
of arches placed side by side. The earliest groins are plain, without any ribs, 
except occasionally a sort of wide band from wall to wall, to strengthen the con¬ 
struction. In later Norman times ribs were added on the line of intersection of 
the spandrels, crossing each other, and having a boss as a key common to both; 
these ribs the French authors call nerfs en ogive. Their introduction, however, 
caused an entire change in the system of vaulting; instead of arches of uniform 
thickness and great weight, these ribs were first put up as the main construc¬ 
tion, and spandrels of the lightest and thinnest possible material placed upon 
them, the haunches only being loaded sufficiently to counterbalance the pres¬ 
sure from the crown. Shortly after, half-ribs against the walls (formerets) 
were introduced to carry the spandrels without cutting into the walling, and 
to add to the appearance. The work was now not treated as continued 
vaulting, but as divided into bays, and it was formed by keeping up the ogive, 
or intersecting ribs and their bosses; a sort of construction having some affinity 
to the dome was formed, which added much to the strength of the groining. 
Of course, the top of the soffit or ridge of the vault was not horizontal, but rose 
from the level of the top of the formeret-rib to the boss and fell again; but 
this could not be perceived from below. As this system of construction got 
more into use, and as the vaults were required to be of greater span and of 
higher pitch, the spandrels became larger, and required more support. To 
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give this, another set of ribs was introduced, passing from the springers of 
the ogive ribs, and going to about half-way between these and the ogive, and 
meeting on the ridge of the vault; these intermediate ribs are called by the 
French lirreerons, and began to come into use in the transition from Early 
Eng’ish to Decorated. About the same period a system of vaulting came into 
use called hex partite, from the fact that every bay is divided into six compart¬ 
ments instead of four. It was invented to cover the naves of churches of 
unusual width. The filling of the spandrels in this style is very peculiar, and, 
where the different compartments meet at the ridge, some pieces of harder 
stone have been used, which give rather a pleasing effect. The arches against 
the wall, being of smaller span than the main arches, cause the center springers 
to be perpendicular and parallel for some height, and the spandrels themselves 
are very hollow. As styles progressed, and the desire for greater richness 
increased, another series of ribs, called Hemes, was introduced; these passed 
crossways from the ogives to the ticrcerons, and thence to the doubleaux, divid¬ 
ing the spandrels nearly horizontally. These various systems increased in the 
Perpendicular period, so that the walls were quite a net-work of ribs, and led 
at last to the Tudor, or, as it is called by many, fan-tracery vaulting. In this 
system the ribs are no part of the real construction, but are merely carved upon 
the voussoirs, which form the actual vaulting. Fan-tracery is so called 
because the ribs radiate from the springers, and spread out like the sticks of a 
fan. These later methods are not strictly groins, for the pendentives are not 
square on plan, but circular, and there is, therefore, no arris intersection or 
groin point. 

Groins, Welsh, or Underpitch. When the main longitudinal vault of any 
groining is higher than the cross or transverse vaults which run from the win¬ 
dows, the system of vaulting is called underpitch groining, or, as termed by 
the workmen, Welsh groining. A very fine example is at St. George’s Chapel, 
Windsor, England. 

Groove. In joinery, a term used to signify a sunk channel whose section is 
rectangular. It is usually employed on the edge of a molding, stile, or rail, 
etc., into which a tongue corresponding to its section, and in the substance of 
the wood to which it is )oined, is inserted. 

Grotesque. A singular and fantastic style of ornament found in ancient 
buildings. 

Grotto. An artificial cavern. 

Ground Floor. The floor of a building on a level, or nearly so, with the 
ground. 

Ground Joist. Joist that is blocked up from the ground. 

Grounds. Pieces of wood embedded in the plastering of walls to which 
skirting and other joiner’s work is attached. They arc also used to stop the 
plastering around door and window openings. 

Grouped Columns. Three, four, or more columns put together on the same 
pedestal. When two are placed together, they are 
said to be coupled. 

Grout. Mortar made so thin by the addition of 
water that it will run into all the joints and cavities 
of the mason-work, and fill it up solid. 

Guilloche, or Guillochos. An interlaced orna¬ 
ment like net-work, used most frequently to enrich 
the torus. 
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Guttse. The small cylindrical drops used to enrich the mutules and 
regulie of the Doric entablature are so called. 

Gutter. The channel for carrying off rain-water. 

The mediaeval gutters differed little from others, 
except that they are often hollows sunk in the top of 
stone cornices, in which case they are generally called gutt.® 

channels in English, and chcneaux in French. 

Gymnasium. A building classed in the first rank by the Greeks; it was in 
them they instructed the youth in all the arts of peace and war; a building for 
athletic exercises. 

Hall. The principal apartment in the large dwellings of the Middle Ages, 
used for the purposes of reception, feasts, etc. In the Norman castle the hall 
was generally in the keep above the ground floor, where the retainers lived, the 
basement being devoted to stores and dungeons for confining prisoners. Later 
halls—indeed, some Norman halls (not in castles)—are generally on the ground 
floor, as at Westminster, approached by a porch either at the end, as in thi s last 
example, or at the side, as at Guildhall, London, having at one end a raised dais 
or estrade. The roofs are generally open and more or less ornamented. In the 
middle of these was an opening to let out the smoke, though in later times the 
halls have large chimney-places with funnels or chimney-shafts for this pur¬ 
pose. At this period there were usually two deeply recessed bay windows at 
each end of the dais, and doors leading into the withdrawing-rooms, or the 
ladies’ apartments; they are also generally wainscoted with oak, in small 
panels, to the height of five or six feet, the panels often being enriched. West¬ 
minster Hall was originally divided into three parts, like a nave and side aisles, 
as are some on the Continent of Europe. A room or passageway at the 
entrance of a house, or suite of chambers. A place of public assembly as a 
town-hall, a music-hall. 

Halving. The junction of two pieces of timber, by letting one into the other. 

Hammer Beam. A beam in a Gothic roof, not extending to the opposite 
side; a beam at the foot of a rafter. 

Hanging Buttress. A buttress not rising from the ground, but supported on 
a corbel, applied chiefly as a decoration and used only in the Decorated and 
Perpendicular styles. 

Hanging Style. Of a door, is that to which the hinges are fixed. 

Hangings. Tapestry; originally invented to hide the coarseness of the walls 
of a chamber. Different materials were employed for this purpose, some of 
them exceedingly costly and beautifully worked in figures, gold and silk. 

Hatching. Drawing parallel lines close together for the purpose of indicat¬ 
ing of a section of auything. The lines are generally drawn at an angle of 45° 
with a horizontal. 

Haunches. The sides of an arch, about half-way from the springing to the 
crown. 

Headers. In masonry, are stones or bricks extending over the thickness of 
a wall. In carpentry, the large beam into which the common joists are framed 
in framing openings for stairs, chimneys, etc. 

Heading Courses. Courses of a wall in which the stone or brick are all 
headers. 

Head-way. Clear space or height under an arch, or over a stairway, and 
the like. 
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Heel. Of a rafter, the end or foot that rests upon the wall plate. 

Height. Of an arch, a line drawn from the middle of the chord to the 
intrados. 

Helix. A small volute or twist like a stalk, representing the twisted tops 
of the acanthus, placed under the abacus of the Corinthian capital. 

Hermes. A rough quadrangular stone or pillar, having 
a head, usually of Hermes or Mercury, sculptured on the 
top, without arms or body, placed by the Greeks in front 
of buildings. 

Herring-bone Work. Bricks, tile, or other materials 
arranged diagonally in building. 

Hexttsfyfo. A portico of six columns in front is of this 
description. 

High Altar. The principal altar in a cathedral or church. 

Where there is a second, it is generally at the end of the 
choir or chancel, not in the lady chapek 

Hip-knob. The finial on the hip of a roof, or between 
the barge boards of a gable. 

Hip-roof. A roof which rises by equally inclined planes 
from all four sides of the building. 

Hippodrome. A place appropriated by the ancients for 
equestrian exercises. 

Hips. Those pieces of timber placed in an inclined posi- hermes 
tion at the comers or angles of a hip-roof. 

Hood-mold. A word used to signify the drip-stone for label over a window 
or door opening, whether inside or out. 

Hors Coucours. (Fr.) Disqualification from competition. 

Hotel de Ville. The town-hall, or guild-hall, in France, Germany, and 
Northern Italy. The building, in general, serves for the administration of 
justice, the receipt of town dues, the regulation of markets, the residence of 
magistrates, barracks for police, prisons, and all other fiscal purposes. As may 
be imagined, they differ very much in different towns, but they have almost 
invariably attached to them or closely adjacent, a large clock-tower containing 
one or more bells, for calling the people together on special occasions. 

Hotel Dieu. The name for a hospital fn media;val times. In England there 
are but few remains of these buildings, one of which is at Dover; in France 
there are many. The most celebrated is the one of Angers, described by 
Parker. They do not seem to differ much in arrangement of plan from those 
in modern days, the accommodation for the chaplain, medicine, nurses, stores, 
etc., being much the same in all ages, except that in some of the earlier, instead 
of the sick being placed in long wards like galleries, as is now done, they occu¬ 
pied large buildings* with naves and side aisles, like churches. 

Housing. The space taken out of one solid to admit the insertion of another. 
The base on a stair is generally housed into the treads and risers; a niche for a 
statue. 

Hypmthros. A temple open to the air, or uncovered. The term may be the 
more easily understood by supposing the roof removed from over the nave of a 
church in which columns or piers go up from the floor to the ceiling, leaving the 
aisles still covered. 
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Hypogea. Constructions under the surface of the earth, or in the sides of a 
hill or mountain. 

Ichnography. A horizontal section of a buildihg or other object, showing its 
true dimensions according to a geometric scale, a ground plan. 

Impluvium. The central part of an ancient Roman court, which was 
uncovered. 

Impost. A term in classic architecture for the horizontal moldings of piers 
or pilasters, from the top of which spring the archivolts or moldings which go 
round the arch. 

In Antis. When there are two columns between the ant® of the lateral walls 
and the cella. 

Inca Architecture. The architecture of the pre-Columbian inhabitants of 
Peru and neighboring countries. 

Incise. To cut in; to carve; to engrave. 

Indented. Toothed together. 

India, Architecture of. That of the great peninsula bounded on the north 
by the Himalaya mountains, and reaching from the lower Ganges on the east 
to the frontiers of Afghanistan on the west. The history of architecture in 
this region presents many difficult problems, especially as to its origin and 
early periods. The natural divisions of the art, as of the civilization of India 
follow religious lines. They comprise the Buddhist, the Jaina, the Brahman, 
the Mohammedan or Indo-Moslem Styles. A predilection for minute and 
profuse ornament covering every part of the architecture is a characteristic 
common to all the divisions. The second characteristic is the multiplication 
of horizontal bands and lines, giving an appearance as of stratification even 
to towers and minarets. A third characteristic is the indefinite reduplication 
and multiplication of the same motive, which is often itself a miniature of the 
tower or other construction of which it is a part. Lastly, it should be observed 
that, in Hindu design generally, the dominant masses and chief features of a 
building are in no wise evolved out of structural requirements, but are purely 
artistic creations, in which fancy and tradition both have had a share. Modern 
architecture of India is following the old traditions even with the many build* 
ings which have been erected under the British rule. 

Inlaying. Inserting pieces of ivory, metal, or choice woods, or the like, into 
a groundwork of some other material, for ornamentation. 

Insulated. Detached from another building. A church is insulated, when 
not contiguous to any other edifice. A column is said to be insulated, when 
standing free from the wall; thus, the columns of peripteral temples were 
insulated. 

Intaglio. A sculpture or carving in which the figures are sunk below the gen¬ 
eral surface, such as a seal the impression of which in wax is in bas-relief; 
opposed to Cameo. 

Intercolumniation. The distance from column to column, the clear space 
between columns. 

Interlaced Arches. Arches where one passes over two openings, and they 
consequently cut or intersect each other. 

Intrados. Of an arch, the inner or concave curve of the arch stones. 

Inverted Arches. Those whose key-stone or brick is the lowest in the arch* 

Ionic Order. One of the orders of Classical architecturer 
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Iron Work, In mediaeval architecture, as an ornament, is chiefly confined to 
the hinges, etc., of doors and of church chests, etc. In some instances not only 
do the hinges become a mass of scroll work, but the surface of the doors is 
covered by similar ornaments. In almost all styles the smaller and less impor¬ 
tant doors had merely plain strap hinges, terminating in a few bent scrolls, 
and latterly in fleur-de-lis. Escutcheon and ring handles, and the other furni¬ 
ture, partook more or less of the character of the time. On the Continent of 
Europe the knockers are very elaborate. At all periods doors have been 
ornamented with nails having projecting heads, sometimes square, sometimes 
polygonal, and sometimes ornamented with roses, etc. The iron work of 
windows is generally plain, and the ornament confined to simple fleur-de-lis 
heads to the stanchions. The iron work of screens enclosing tombs and 
chapels is noticed under Grille, q.v. 

Ireland, Architecture of. Ireland has preserved vestiges of architectural 
forms which have almost disappeared from Europe. In her own Gaelic she 
has curious records of builders’ methods in osier, wattle, wood and stone. 
The Irish did not use mortar, for the stones were carried away for other uses 
upon abandonment. The outer walls of forts and houses, however, were 
whitewashed. The beehive huts and round towers are the only distinctive 
architecture handed down by the ancient Irish. There are many modern pic¬ 
turesque churches, city halls, merchants* houses, abbeys, cathedrals, castles, 
and ruins of forts and monasteries. 

Italian Architecture. The architecture of Italy; more especially that of any 
style assumed to have taken its origin in Italy. The term is used carelessly 
with the especial significance of a neoclassic style of great severity and of 
systematic design and fixed proportion, as if of the Italian sixteenth century. 
The term also refers to the architecture of the continental part of the kingdom 
of Italy together with San Marino. All this region is rich in ancient archi¬ 
tecture, architectural sculpture, mosaic, and in portable works of art of 
durable material; also in painting of epochs, beginning with the thirteenth 
century and with a few remains of early painting. Here are Italian pre- 
Roman structures with those of Etruscan and Oscan remains of unique value. 
Grecian architecture of Italy is of peculiar importance. At the same time the 
historical buildings of Rome are the foundations of our knowledge of this most 
important epoch in building—the root and stem of all modern European 
architecture. Latin architecture can be studied only in Italy. There is no 
country in Europe in which so wide a field of art exists as in Italy, nor any 
country in the world in which so many styles, each representative and peculiar, 
are to be seen and studied, side by side. 

Jack. An instrument for raising heavy loads, either by a crank, siren and 
pinion, or by hydraulic power, and in ail cases worked by hand. 

Jack Rafter. A short rafter, used especially in hip-roofs. 

Jamb. The side-post or lining of a doorway or other aperture. The jambs 
of a window outside the frame are called Reveals. 

Jamb-shafts. Small shafts to doors and windows with caps and bases; 
when in the inside arris of the jamb of a window they are sometimes called 
Esconsons. 

Japan, Architecture of. That of the modem state of that name, and chiefly 
of the southern islands. Previous to the coming of the first Buddhist priests 
from Korea in a.d. 552, we know nothing of the architecture of Japan. At 
that time the islands lay in almost complete barbarism and the efforts at shelter 
were characteristic of a mingling of Tartar and Malay blood with the primitive 
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stock. Traces of this primitive mode may be found in the modern SJrinto 
temples, where grotesque attempts at ornament and the preservation of tra¬ 
dition still remain. In 593 when Buddhist priests, architects, scholars and 
teachers were invited into the country from Korea, the architectural style 
introduced, already perfectly developed in China, was seized upon by the 
Japanese and made their own. The buddings are architecturally beautiful 
solely because of the subtlety of their proportions, dignity of composition, 
amazing refinement of line, and vitality of curves that characterize them. 
With the transferring of the capital to Kyoto the second period of Japanese 
Civilization and' art began. In architecture the purest Chinese models were 
followed, while architectural decoration became amazingly rich and splendid. 
A kind of palace pavilion at Uji, built in 1052, in subtle grace, perfection of 
curves and refinement of composition, touches the highest point in Japanese 
architecture. Two centuries of civil conflict and martial activity succeeded 
this epoch of culture. This was followed by the Kamakura period and, though 
painting was the favorite mode of artistic expression, architecture reached the 
last phase of greatness before the first trace of decay showed itself. For two 
hundred and twenty-five years, in the seventeenth century,, when Japan was 
closed to the world, a great period of industrial development and steady pro¬ 
gressing civilization unhampered by wars ensued. It is only in their domestic 
work that the traditions of true architecture remain. 

Joggle. A joint between two bodies so constructed by means of jogs or 
notches as to prevent their sliding past each other. 

Joinery. That branch in building confined to the nicer and more orna¬ 
mental parts of carpentry. 

Joist. A small timber to which the boards of a floor or the laths of ceiling 
are nailed. It rests on the wall or on girders. 

Keep. The inmost and strongest part of a mediaeval castle, answering to the 
citadel of modern times. The arrangement is said to have originated with 
Gundulf, the celebrated Bishop of Rochester. The Norman keep is generally a 
very massive square tower, the basement or stories partly below ground being 
used for stores and prisons. The main story is generally a great deal above 
ground level, with a projecting entrance, approached by a flight of steps and 
drawbridge. This floor is generally supposed to have been the guard-room or 
place for the soldiery; above this was the hall, which generally extended over 
the whole area of the building, and is sometimes separated by columns; above 
this are other apartments for the residents. There are winding staircases in 
the angles of the buildings, and passages and small chambers in the thickness 
of the walls. The keep was intended for the last refuge, in case the outworks 
were scaled and the other buildings stormed. There is generally a well in a 
mediaeval keep, ingeniously concealed i-n the thickness of a wall, or in a pillar. 
The most celebrated of Norman times* are the White Tower in London, the 
castles at Rochester, Arundel, Newcastle, Castle Hedingham, etc. The keep 
was often circular. 

Key-StOUe. The stone placed in the center of the top of an arch. The char¬ 
acter of the key-stone varies in different orders. In the Tuscan and Doric it is 
only a simple stone projecting beyond the rest; in the Ionic it is adorned with 
moldings in the manner of a console; in the Corinthian and Composite it is a 
rich sculptured console. 

King-post. The middle post of a trussed piece of framing for supporting the 
tie-beam at the middle and the lower ends of the struts. 
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Knee. A piece of timber naturally or artificially bent to receive another to 
relieve a weight or strain. 

Knob, Knot. The bunch of flowers carved on a corbel, or on a Boss. 

Kremlin. The Russian name for the citadel of a town or city. 

Label. Gothic: the drip or hood-molding of an arch, when it is returned to 
the square. „ 

Label Terminations. Carvings on which the labels terminate near the 
springing of the windows. In Norman times those were frequently grotesque 
heads of fish, birds, etc., and sometimes stiff foliage. In the Early English and 
Decorated periods they are often elegant knots of flowers, or heads of kings, 
queens, bishops, and other persons supposed to be the founders of churches. In 
the Perpendicular period they are often finished with a short square, mitred 
return or knee, and the foliages are generally leaves of square or octagonal 
form. 

Lacunar. A paneled or coffered ceiling or soffit. The panels or cassoons of 
a ceiling are by Vitruvius called lacunaria. 

Lady-chapel. A small chapel dedicated to the 
Virgin Mary, generally found in ancient cathedrals. 

Lancet. A high and narrow window pointed like 
a lancet, often called a lancet window. 

Landing. A platform in a flight of stairs between 
two stories; the terminating of a stair, 

Lantern. A turret raised above a roof or tower 
and very much pierced, the better to transmit light. 

In modern practice this term is generally applied to 
any raised part in a roof or ceiling containing vertical 
windows, but covered in horizontally. The name was also often applied to the 
louver or femerall on a roof to carry off the smoke; sometimes, too, to the 
open constructions at the top of towers, as at Ely Cathedral, probably because 
lights were placed in them at night to serve as beacons. 

Lanterns of the Dead. Curious small slender towers, found chiefly in the 
center and west of France, having apertures at the top, where a light was ex¬ 
hibited at night to mark the place of a cemetery. Some have supposed that the 
round towers in Ireland may have served for this purpose. 

Lath. A slip of wood used in slating, tiling, and plastering. 

Latin Architecture. The early Christian architecture of historic Europe. 
It is reasonably called Latin, because it was the architecture of the Latin 
Church, and was developed among the Latin races of Italy. From Italy it 
passed into Gaul, Germany, and probably into Spain, and even Britain. 
Beginning with Constantine, it held its place from the fourth century t9 the 
eighth, and only in the ninth began to give way to Romanesque, which grew 
up under the impulse of the Teutonic races, and which, displacing it, was the 
architecture of the Western Church from the tenth century till the end of the 
twelfth. The earliest Christian Churches started with the simple outlines of 
the basilicas. Another family of Latin Churches was round or polygonal, and 
often surrounded by an aisle. The form that grew out uf this by the addition 
of four arms of a cross naturally led to a square center, over which a dome was 
set almost from the beginning. The only ornament of the early churches was 
in their altars and the surrounding furniture, which were lavishly enriched, 
and in the pictorial decoration of their surfaces. The chief of this was mosaic, 
which began at Constantinople, spread to Ravenna, and became the one 



LACUNARS IN CEILING 



2208 


Glossary 


[Part 3 


artistic achievement of Rome, where in Italy it centered. It was applied first 
to the apses; in the richer churches it was spread over the interior walls, and 
in a simpler ornamental form over the floors. When mosaic could not be had, 
or was too costly, painting was habitually substituted; the interiors were 
brilliant with Bible stories and legends of the Church. In many this decora¬ 
tion overflowed upon the outside, and the fronts, usually smoothly stuccoed 
over, were covered with mosaic or painting. 

Lattice. Any work of wood or metal made by crossing laths, rods, or bars, 
and forming a net-work. A reticulated window, made of laths or slips of iron, 
separated by glass windows, and only used where air rather than light is to be 
admitted, as in cellars and dairies. 

Lavabo. The lavatory for washing hands, generally erected in cloisters of 
monasteries. A very curious one at Fontenay, surrounding a pillar, is given by 
Viollet-le-Duc. In general, it is a sort of trough, and in some places has an 
almry for towels, etc. 

Lavatory. A place for washing the person. 

Lean-to. A small building whose rafters pitch or lean against another build¬ 
ing, or against a wall. 

Lectern. The reading-desk in the choir of churches. 

Ledge, or Ledgement. A projection from a plane, as slips on the side of 
window and door frames to keep them steady in their places. 

Ledgers. The horizontal pieces fastened to the standard poles or timbers of 
scaffolding raised around buildings during their erection. Those which rest on 
the ledgers are called putlogs, and on these the boards are laid. 

Lewis. An iron clamp dovetailed into a large stone to lift it by. 

Lich-gate. A covered gate at the entrance of a cemetery, under the shelter 
of which the mourners rested with the corpse, while the procession of the clergy 
came to meet them. There are several examples in England. 

Light. A division or space in a sash for a single pane of glass; also a pane 
of glass. 

Linen Scroll. An ornament formerly used for filling panels, and so called 
from its resemblance to the convolutions of a folded napkin. 

Lining. Covering for the interior, as casing is covering for 
the exterior surface of a building; also, such as linings of a 
door for windows, shutters, and similar work. 

Lintel. The horizontal piece which covers the opening of a 
door or window. linen scroll 

Lip Mold. A molding of the Perpendicular period like a hanging lip. 

List, or Listel. A little square molding, to crown a larger; also termed a 
fillet. 

Lithograph. A print from a drawing on stone. 

Lobby. An open space surrounding a range of chambers, or seats in a 
theater; a small hall or waiting room. 

Lodge. A small house in a park. 

Loft. The highest room in a house, particularly if in the roof; also, a gallery 
raised up in a church to contain the rood, the organ, or singers. 

Loggia. An outside gallery or portico above the ground, and contained 
within the building. 
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Lombard Architecture. A name given to the round-arched architecture of 
Italy, introduced by the conquering Goths and Ostrogoths, and which super¬ 
seded the Romanesque. It reigned between the eighth and twelfth centuries, 
during the time that the Saxon and Norman styles were in vogue in England, 
and corresponded with them in its development into the Continental Gothic. 

Loop-hole. An opening in the wall of a building, very narrow on the outside 
and splayed within, from which arrows or darts might be discharged on an 
enemy. They are often in the form of a cross, and generally have round holes 
at the ends. 

Lotus. A plant of great celebrity among the ancients, the leaves and 
blossoms of which generally form the capitals of Egyptian columns. 

Louver. A kind of vertical window, frequently in the peaks of gables, and in 
the top of towers, and provided with horizontal slats which 
permit ventilation and exclude rain. 

Lozenge Molding. A kind of molding used in Norman 
architecture, of many different forms, all of which are char¬ 
acterized by lozenge-shaped ornaments 

Lunette. The French term 
for the circular opening in the 
groining of the lower stories of 
towers, through which the bells 
are drawn up. 

Machicolation. A parapet 10ZENGE “ 0LDIN0 L0DVEE wn ® ow 
or gallery projecting from the upper part of the wall of a house or fortifica¬ 
tion, supported by brackets or corbels, and perforated in the lower part so that 
the defenders of the building might throw down darts, stones, and sometimes 
hot sand, molten lead, etc.; upon their assailants below. 

Man-hole. A hole through which a man may creep into a drain, cesspool, 
steam-boiler, etc. 

Manor-house. The residence of the suzerain or lord of the manor; in France 
the central tower or keep of a castle is often called the manoir. 

Mansard Roof. Curt roof, invented by Francois Mansard, a distinguished 
French architect, who died in 1666. 

Mansion. A residence of considerable size and pretension. 

Mantel. The work over a fireplace in front of a chimney; especially, a shelf, 
usually ornamented, above the fireplace. 


Marquetry. Inlaid work of fine hard pieces of wood 
of different colors, also of shells, ivory, and the like. 

Mausoleum. A magnificent tomb or sumptuous sepul¬ 
chral monument. 

Maya Architecture. The architecture of the pre- 
Columbian inhabitants of Yucatan and adjacent regions. 
Medallion. Any circular tablet on which are embossed 



MACHICOLATION 


figures or busts. 

Mediaeval Architecture. The architecture of England, France, Germany, 
etc., during the Middle Ages, including the Norman and Early Gothic styles. 
It comprises also the Romanesque, Byzantine and Saracenic, Lombard, and 
other styles. 

Members. The different parts of a building, the different parts of an entab¬ 
lature, the different moldings of a cornice, etc. 
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Metloii. That part of a parapet which lies between two embrasures. 

Mesopotamia, Architecture of. That of the great plain between the rivers 
Tigris and Euphrates, which was the seat of a civilization which is perhaps as 
ancient as that of Egypt. The countries in which developed these two most 
ancient civililzations are in many respects strikingly similar. The southern 
portion of the Mesopotamia plain is Chaldea; its principal cities in the earliest 
times were Ur and Larsam, and later the more northerly Babylon. The 
northern portion of the plain is Assyria, whose capital in earliest times was 
Assur, and later Ninevah. (1) Chaldean or Babylonian: The absence of 
stdne fotced builders to the development of brick construction. The temples 
seem to have been vast stepped pyramids, rising sometimes to a height com¬ 
parable to that of the great Egyptian pyramids, if not higher, with a shrine at 
the top. The palaces were erected on great platforms, and consisted of a col¬ 
lection of apartments about courtyards. (2) Assyrian: Although building 
in a mote hilly country the Assyrians still continued to raise their palaces 
upon platforms of earth or crude brick as did the Chaldeans; but they faced 
these mounds with retaining walls of massive cut stone easily obtained and 
brought down the Tigris from the neighboring mountains. Their temples 
seem to have been similar in character to, though smaller in scale than, the 
Babylonian temples. That the Assyrian builders were thoroughly familiar 
with the vault is clear, from the city gates And the vaulted drains beneath the 
palaces. If a method of vault construction was used, as seems probable, it 
becomes easier to explain the existence of the great vaults of similar con¬ 
struction in Persia; and we get a glimpse of a continuous history of vault 
Construction in the East from the time of the Assyrian to the time of the 
Byzantine empire; a system of construction radically different from that 
employed in the West. 

Metope. The square recess between the triglyphs in 
a Doric frieze. It is sometimes occupied by sculptures. 

Mexico, Architecture of. That of the Republic as it 
has existed since 1854. Pre-Columbian: Within the 
borders of Mexico is contained almost the entire range 
of aboriginal American architecture. At one end of the 
scale are shelters of the rudest kind, and at the other the 
really extraordinary stone ruins of Yucatan. In the 
wide intervals are cliff dwellers, houses of jac&l, of pis6, 
of cajon, and of adobe bricks. In their own way, ethnologically, archacologically, 
and artistically, they are of surpassing interest, exhibiting, as they do, one of 
the most extraordinary race developments of the world. It is fairly well 
established that the strictly Afctec structures are comparatively modern. 
Modern: The architecture of Mexico has been developed in a dry equable 
climate, necessitating protection from the sun rather than from cold or rain, 
by a raCe which mingles the polish and traditions of Europe with the barbaric 
taste of the Indian. Although stone serves for the best work, a native clay is 
most commonly used; as sun-dried brick it is known as adobe; it further serves 
when kiln-dried as terra-cotta ornament, roofing tiles, brick, etc., and colored 
glazed tile are also made of it. It is often applied to masonry in the form of 
stucco and plaster, and such walls are frequently covered with colored washes. 
Wrought iron in the form of balconies and grilles is common, but wood is 
scarce, and rarely used in building. The work is unique in its boldness of 
color and outline, as shown in Its churches, patios, portals, markets, govern¬ 
ment buildings, fountains, and aqueducts. 
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Mezzanine. A low story .between two lof ty ones. It is called by the French 
entresol, or inter-story. 

Mezzo-rilievo. Or mean relief, in comparison with alto- 
rilievo, or high relief. 

Minaret. Turkish: a circular turret rising by different stages 
or divisions, each of which has a balcony. 

Minster. Probably a corruption of monasterium — the large 
church attached to any ecclesiastical fraternity. If the latter be 
presided over by a bishop, it is generally called a Cathedral; if 
by an abbot, an Abbey; if by prior, a Priory. 

Minute. The sixtieth part of the lower diameter of a column; 
it is the measure used by architects to determine the proportions 
of an order. 

Miserere. A seat in a stall of a large church made to turn up and afford 
support to a person in a position between sitting and standing. The under 
side is generally carved with some ornament, and very often with grotesque 
figures and caricatures of different persons. 

Mission Architecture. Pertaining to a building or group of buildings 
composing a frontier or outpost settlement of one of the Spanish religious 
orders in America. At first these missions were rude huts, but they developed 
into extensive structures in the form of a quadrilateral building surrounding a 
court. There were churches, hospitals, workshops,, schoolrooms, etc. They 
were of simple outline with artistic masses. Large stone basins., which serve as 
fountains, are commonly found in the cloisters or near the entrance doorways 
of the missions. 

Miter. A molding returned upon itself at right angles is said to miter. 
In joinery, the ends of any two pieces of wood of corresponding form, cut off 
at 45°, necessarily abut upon one another so as to form a right angle, and are 
said to miter. 

Modillion. So called because of its arrangement 
the enriched block or horizontal bracket generally 
found under the cornice of the Corinthian entabla¬ 
ture. Less ornamented, it is sometimes used in 
the Ionic. 

Module. This is a term which has been generally 
used by architects in determining the relative mopillion 

proportions of the various parts of a columnar 

ordinance. The semi-diameter of the column at its base is the module, which, 
being divided into thirty parts called minutes, any part of the composition is 
said to be of jo many modules and minutes, or -minutes alone, hi .height, breadth 
or projection. The whole diameter is now generally preferred as a module, it 
being a better rule of proportion than its half. 

Mogul Architecture. (1) The architecture of the Mogul dynasty. This 
was established in northwest India in the sixteenth century. The character¬ 
istics are very different from those of the purely Indian styles. (2) Loosely, 
and because of the little study which the Mohammedan architecture in India 
has received, any architecture of Mohammedan races or dynasties In India. 

Molding. When any work is wrought into long regular channels, cm* pcojec 
tions, forming curves r: rounds, hollow v etc., it is said to he molded, and each 
separate member is c led a molding. In mediaeval architecture the principal 
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moldings are those of the arches, doors, windows, piers, etc. In the Early 
English style, the moldings, for some time, formed groups set back in squares, 
and frequently very deeply undercut. The scroll molding is also common. 
Small fillets now become very frequent in the keel moldings, from its resem¬ 
blance in section to the bottom of a ship; sometimes, also, it has a peculiar 
hollow on each side, like two wings. Later in the 
Decorated style the moldings are more varied in 
design, though hollows and rounds still prevail. The 
undercutting is not so deep, fillets abound, ogees are 
more frequent, and the wave mold, double ogee, or 
double ressaunt, is often seen. In many places the 
strings and labels are a round, the lower half of 
which is cut off by a plain chamfer. The moldings 
in the later styles in some degree resemble those 
of the Decorated, flattened and extended; they run moldings 

more into one another, having fewer fillets, and astragal; b, ogee; 

being, as it were, less grouped. One of the prin- cymatium; d, cavet- 
cipal features of the change is the substitution of to; c, scotia, or case- 
one, or perhaps two (seldom more), very large hoi- nient; /, apophyges; 

lows in the set of moldings. These hollows are g ovolo, or quarter 

neither circular nor elliptical, but obovate, like an round; h , torus; i t 
egg cut across, so that one half is larger than the reeding; j, band, 
other. The brace mold also has a small bead, 
where the two ogees meet. Another sort of molding, 

which has been called a lip mold, is common in parapets, bases, and weather¬ 
ings. 

Moldings, Ornamented. The Saxon and early Norman moldings do not 
seem to have been much enriched, but the complete and later styles of Norman 
are remarkable for a profusion of ornamentation, the most usual of which is 
what is called the zigzag. This seems to be to Norman architecture what the 
meander or fret was to the Grecian; but it was probably derived from the 
Saxons, as it is very frequently found in their pottery. Bezants, quatrefoils, 
lozenges, crescents, billets, heads of nails, are very common ornaments. 
Besides these, battlements, cables; large ropes round which smaller ropes are 
turned, or, as our sailors say, “ wormed ”; scallops, pellets, chains, a sort of 
conical barrels, quaint stiff foliages, beaks of birds, heads of fishes, ornaments 
of almost every conceivable kind, are sculptured in Norman moldings; and 
they are used in such profusion as has been attempted in no other style. The 
decorations on Early English moldings arc chiefly the dog-tooth, which is one 
of the great characteristics of this style, though it is to be found in the Transi¬ 
tion Norman. It is generally placed in a deep hollow between two projecting 
moldings, the dark shadow in the hollow contrasting in a very beautiful way 
with the light in these moldings. In this period and in the next the tympanum 
over doorways, particularly if they are double doors, is highly ornamented. 
Those of the Decorated period resemble the former, except that the foliage 
is more natural and the dog-tooth gives way to the ball-flower. Some of the 
hollows, also, are ornamented with rosettes set at intervals, which are some¬ 
times connected by a running tendril, as the ball-flowers are frequently. Some 
very pleasing leaf-like ornaments in the labels of windows are often found in 
Continental architecture. In the Perpendicular period the moldings are 
ornamented very frequently by square four-leaved flowers set at intervals, but 
the two characteristic ornaments of the time are running patterns of vine 
leaves, tendrils, and grapes in the hollows, which by old writers are called 
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u vignettes in casements,” and upright stiff leaves, generally called the Tudor 
leaf. On the Continent moldings partook much of the same character. 

Monastery. A set of buildings adapted for the reception of any of the vari¬ 
ous orders of monks, the different parts of which are described in the separate 
article. Abbey . 

Monastic Architecture. The architecture of religious organizations having 
permanent rules of conduct and life, and divided into considerable bodies of 
men or women who devote themselves in common to a life of worship and 
labor. Many religions have recognized these religious bodies which, when in 
Christian nations, are called Orders of Monks and of Nuns; terms which are 
used also in an extended sense as applicable to similar communities in other 
religions. 

Monotriglyph. The intercolumniations of the Doric order are determined 
by the number of triglyphs which intervene, instead of the number of diameters 
of the column, as in other cases; and this term designates the ordinary inter- 
columniation of one triglyph. 

Moorish Architecture. The architecture of the Mohammedan races of 
North Africa and of the Kindgoms which they established in Spain. The 
work of these last-named states may be designated Hispano-Moresque. 

Mosaic. Pictorial representations, or ornaments, formed of small pieces of 
stone, marble, or enamel of various colors. In Roman houses the floors are 
often entirely of mosaic, the pieces being cubical. The best examples of 
mosaic work are found in St. Mark’s, at Venice. 

Moslem Architecture. The architecture of the Mohammedans, particularly 
of the Arab conquerors in Syria and Egypt, of the Moors in North Africa and 
Spain, of the Persians, of the Mohammedans of India, and of the Turks. 
Except in Persia, Moslem architecture has everywhere begun with Christian 
models. The Arabs who conquered the Mediterranean littoral in the seventh 
century were no artists; neither were the Osmauli Turks, nor the Moguls who 
overran India and Persia. Bringing with them no artistic traditions and no 
established types, they employed Coptic, Syrian, Greek and Byzantine builders 
to erect and decorate thrir mosques and palaces in the prevailing local styles. 
Civilized in time by their contact with the Western world, they developed, 
in the course of the centuries, decided predilections and aptitudes in design, 
by which their art was given a form and spirit wholly unlike those of the arts 
on which it was based, emphatically Oriental in character. Moslem archi¬ 
tecture started under Arab dominion, early in the seventh century. 

Mosque. A Mahometan temple, or place of worship. 

Mullion, Munion. The perpendicular pieces of stone, sometimes like col¬ 
umns, sometimes like slender piers, which divide the bays or lights of windows 
or screen-work from each other. In all styles, in less important work, the mul- 
lions are often simple plain chamfered, and more commonly have a very flat 
hollow on each side. In larger buildings there is often a bead or boutell on 
the edge, and often a single very small column with a capital. As tracery 
grew richer, the windows were divided by a larger order of mullion, between 
which came a lesser or subordinate set of mullions, which ran into each other. 
The term is also applied to a wood or iron division between two windows. 

Multifoil. A leaf ornament consisting of more than five divisions, applied to 
foils in windows. 

Muntin. A small, slender mullion in light framing, as a sash bar, a middle 
stile of a door. 
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Mnttrfe. The rectangular impending block under the corona of the Doric 
cornice, from which guttie or drops depend. Mutule is equivalent to modilHon 
hut the hitter term is applied more particularly to enriched blocks or brackets, 
suck as those of Ionic and Corinthian entablatures, 

Narthex. The long arcaded porch forming the entrance into the Christian 
basilica. Sometimes there was an inner narthex, or lobby, before entering the 
church. When this was the case, the former was called exo-narthex, and the 
latter esc^narthex. In the Byzantine churches this inner narthex forms part of 
the solid structure of the church, being marked off by a waif or row of columns, 
whereas in the Latin churches it was usually formed only by a wooden or other 
temporary screen. 

Natural Beds. In stratified rocks, the surface of a stone as it lies in the 
quarry. If not laid in walls in their natural bed the lammae separate. 

Nave. The central part between the arches of a church, which formerly was 
separated from a chancel or choir by a screen. It is so called from its fancied 
resemblance to a ship. In the nave were generally placed the pulpit and font. 
In continental Europe it often also contains a high altar, but this is of rare 
occurrence in England. 

Necking. The annulet or round, or series of horizontal moldings, which 
separate the capital of a column from the plain part or shaft. 

Neoclassic Architecture. The architecture of modem times, beginning 
with the Italian Renaissance of the fifteenth century; and especially that 
which is carefully studied from Greco-Roman examples. 

Netherlands, Architecture of. The architecture of the low-lying country at 
the mouth of the Rhine, where this river and the Meuse unite, and also divide 
and subdivide into many branches. Its common name among foreigners is 
Holland, which is properly the name of the largest and wealthiest of the little 
states of which it was formerly composed. The country inevitably followed 
closely the immensely powerful impulse given by the architecture of the French 
lands lying not far to the south. The Protestant Reformation, which in the 
sixteenth century divided the state as above described from Belgium, came too 
late to affect the growth of architecture in those styles which were swayed by 
religious enthusiasm. The Dutch seventeenth century architecture is unique 
and altogether national in character, owing to mingled influences of domestic 
feeling and the northern climate. The attraction in all the country is nearly 
the same as in Amsterdam, namely, the fascinating private houses, town halls, 
weighing houses, etc. For the study of architecture, domestic and civic of 
the simpler kind, no country in Europe surpasses the Netherlands. 

Newel. In mediieval architecture, the circular ends of a winding staircase 
which stand over each other, and form a sort of cylindrical column. 

Newel Post The post, plain or ornamented, placed at the first, or lowest 
step, to receive or start the hand-rail upon. 

Niche. A recess sunk in a wall, generally for the reception of a statue. 
Niches sometimes terminate by a simple label, but more commonly by a can* 
opy, and with a bracket or corbel for the figure, in which case they are often 
called tabernacles. 

Norman Style. Was that species of Romanesque which was practised by 
the Normans, and which was introduced and fully developed in England after 
they had established themselves in it. The chief features of this style are 
plainness and massiveness. The arches, windows, and doorways were semi- 
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circular, the pillars were very massive, and often built up of small stones laid 
like brickwork. 

Norse American Architecture. The architecture in the western hemisphere 
which shows Scandinavian influence. A few examples of early Norse build- 
ings are found in ruins in southern Greenland, and there are traces in Labrador. 

North African Architecture. The architecture of the vast tract of country 
bordering on the Mediterranean, comprising Tripoli, Tunisia, Algeria, and 
Morocco. 

Nosings. The rounded and projecting edges of the treads of a stair, or the 
edge of a landing. 

Obelisk. Lofty pillars of stone, of a rectangular form, diminishing toward 
the top, and generally ornamented with inscriptions and hieroglyphics among 
the ancient Egyptians. 

Observatory. A building erected on an elevated spot of ground for making 
astronomical observations. 

Octostyle. A portico of eight columns in front. 

Offsets. When the face of a wall is not one continued surface, but sets in by 
horizontal jogs, as the wail grows higher and thinner, the jogs are called offsets. 

Ogee. The name applied to a molding, partly a hollow and partly a round, 
and derived no doubt from its resemblance to an O placed over a G. It is 
found in Norman work, and is not very common in Early English. It is of fre¬ 
quent use in Decorated work, where it becomes sometimes double, and is 
called a wave molding; and later still, two waves are connected with a small 
bead, which is then called a brace molding. In ancient MSS. it is called a 
Ressaunt. 

Orchestra. In ancient theaters, where the chorus used to dance; in modern 
theaters, where the musicians sit. 

Order. A column with its entablature and stylobate is so called. The term 
is the result of the dogmatic laws deduced from the writings of Vitruvius, and 
has been exclusively applied to those arrangements which they were thought 
to warrant. 

Oriel Window. Gothic: a projecting angular window, commonly of a tri- 
tgonal or pentagonal form, and divided by mullions and transoms into dif¬ 
ferent bays and compartments. 

Orthography. A geometrical elevation of a building or other object in 
which it is represented as it actually exists or may exist, and not perspec¬ 
tive^, or as it would appear. 

Orthostyle. A columnar arrangement in which the columns are placed in 
a straight line. 

Ovolo. Same as Echinus. 

Oylet A small hole, an eyelet. 

Pagoda. A name given to temples in India and China. 

Palace. The dwelling of a king, prince, or bishop. 

Pale. A fence picket, sharpened at the upper end. 

Palladia!! Architecture, Relating to the art or style of Palladio. This 
work belonged to the period of decline in Italian neoclassic architecture, 
when classic formality and the punctilious observance of rules were taking 
the place of the grace, freedom, and life which characterized the earlier period. 
The classicism of Palladio was noted for a certain cold and correct purity of 
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form. A favorite motive of his, known as the Palladian Motive, was the use 
of a minor and major order of columns in the, same composition, the former 
supporting the arches which occurred between the latter, as in his two- 
storied arcade about the mediaeval basilica of Vicenza. His writings had the 
good fortune to be considered the most authoritative expositions of the prin¬ 
ciples of classic architecture in the seventeenth and eighteenth centuries 
throughout Europe, and his monuments were models for the classic art of 
that period; the name Palladian, therefore, is descriptive of that variety of 
neoclassic architecture distinguished for cold, inelastic, and unimaginative, 
but correct, elegant, and studied classicism. It is generally held as true that 
the English classical revivalists followed Palladio, whereas the French were 
rather under the influence of Vignola. Andrea Palladio , Architect: bom 
about 1518; died August, 1580. 

Pane. Probably a diminutive of panneau, a term applied to the different 
pieces of glass in a window; same as Light. 

Panel. Properly a piece of wood framed within four other pieces of wood, 
as in the styles and rails of a door, filling up the aperture, but often applied 
both to the whole square frame and the sinking itself; also to the ranges of 
sunken compartments in wainscoting, cornices, corbel tables, groined vaults, 
ceilings, etc. 

Pantograph, or Pentagraph. An instrument for copying on the same, or an 
enlarged or reduced scale. 

Pantry. An apartment or closet in which bread and other provisions are 
kept. 

Papier-mach£. A hard substance made of a pulp from rags or paper mixed 
with size or glue, and molded into any desired shape. Much used for architec¬ 
tural ornaments. 

Parapet. A dwarf wall along the edge of a roof, or round a terrace walk, 
etc., to prevent persons from falling over, and as a protection to the defenders 
in case of a siege. Parapets are either plain, embattled, perforated, or pan¬ 
eled. The last two are found in all styles except the Norman. Plain parapets 
are simply portions of the wall generally overhanging a little, with coping at 
the top and corbel table below. Embattled parapets are sometimes paneled, 
but oftener pierced for the discharge of arrows, etc. Perforated parapets are 
pierced in various devices—as circles, trefoils, quatrefoils and other designs— 
so that the light is seen through. Paneled parapets are those ornamented by a 
series of panels, either oblong or square, and more or less enriched, but are not 
perforated. These are common in the Decorated and Perpendicular periods. 

Pargeting. A species of plastering decorated by impressing patterns on it 
when wet. These seem generally to have been made by sticking a number of 
pins in a board in certain lines or curves, and then pressing on the wet plaster 
in various directions, so as to form geometrical figures. Sometimes these 
devices are in relief, and in the time of Elizabeth represent figures, birds, foli¬ 
ages, etc. Rough plastering, commonly adopted for the interior surface of 
chimneys. 

Parging. Thin coat of plastering to smooth off rough brick or stone walls. 

Parlor. A room in a house which the family usually occupy for society and 
conversation, and for receiving visitors. The apartment in a monastery or 
nunnery where the inmates are permitted to meet and converse with each 
other, or with visitors and friends from without. 

Parochial. Belonging or relating to a parish. 
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Parquetry, or Marquetry. A kind of inlaid floor composed of small pieces 
of wood either square or triangular, which are capable of forming, by their dis¬ 
position, various combinations of figures; this description of joinery is very 
suitable for the floors of libraries, halls, and public apartments. 

Parthian Architecture. The architecture of the peoples subjected to the 
Parthian dynasty, which lasted for nearly five centuries, from 250 B.c. to 
a.d. 226. The Parthians were not a building race, but details unearthed of 
various decorative features with the remains of palaces and temples help to 
reconstruct parts of these buildings, with the vaulted rooms and the carvings 
of the sun god, moon, bulls’ heads and griffins at the entrances. 

Parti. (Fr.) Scheme. 

Party Walls. Partitions of brick or stone between 
buildings on two adjoining properties. 

Patera. A circular ornament resembling a dish, 
often worked in relief on friezes, etc. 

Pavilion. A turret or small insulated building, and 
comprised beneath a single roof; also, the projecting 
part in front of a building which marks the center, and 
which sometimes flanks a corner, when it is termed an 
angular pavilion. 

Pedestal. The square support of a column, statue, 
etc., and the base or lower part of an order of columns; it consists of a plinth 
for a base, the die, and a talon crowned for a cornice. When the height and 
width are equal, it is termed a square pedestal; one which supports two col¬ 
umns, a double pedestal; and if it supports a row of columns without any 
break, it is a continued pedestal. 

Pediment. A low triangular crowning, ornamented, in front of a building, 
and over doors and windows. Pediments are sometimes made in the form 
of a segment; the space enclosed within the triangle is called the tympanum. 
Also, the gable ends of classic buildings, where the horizontal cornice is car¬ 
ried across the front, forming a triangle with the end of the roof. 

Pendent. A name given to an elongated boss, either molded or foliated, 
such as hang down from the intersection of groins, especially in fan tracery, or 
at the end of hammer beams. Sometimes long corbels, under the wall pieces, 
have been so called. The name has also been given to the large masses depend¬ 
ing from enriched ceilings, in the later works of the Pointed style. 

Pendent Posts. A name given to those timbers which hang down the side 
of a wall from the plate in hammer beam trusses, and which receive the ham¬ 
mer braces. 

Pendentive. A name given to an arch which cuts off, as it were, the cor¬ 
ners of a square building internally, so that the superstructure may become 
an octagon or a dome. In mediaeval architecture these arches, when under a 
spire in the interior of a tower, are called Squinches. 

Pendentive Bracketing, or Cove Bracketing. Springing from the rectangu¬ 
lar walls of an apartment upward to the ceiling, and forming the horizontal 
part of the ceiling into a circle or ellipse. 

Pentastyle. Having five columns in front. 

Pent-roof. A roof with a slope on one side only. 

Perch. A measure used in measuring stone work, being 24j£ cu ft and 
\6 2 4 cu ft, according to locality and custom. 
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Periptery. An edifice or temple surrounded by a peristyle. 

Peristyle. A range of columns encircling an edifice, such as that which sur¬ 
rounds the cylindrical drum under the cupola of* St. Paurs. The columns of a 
Greek peripteral temple form a peristyle also, the former being a circular, and 
the latter a quadrilateral peristyle. 

Perpendicular Style. The third and last of the Pointed or Gothic style; 
also called the Florid style. 

Persian Architecture. The architecture of the lands included in the mod¬ 
em kingdom of Persia, and those immediately adjoining which have received 
and retained Persian artistic influence. Architecturally, Persia may be con¬ 
sidered under the following rules: (1) Darius, Xerxes, and their successors, 
500 to 334 b.c. (2) Alexander and his successors, starting 334 b.c. (3) 
Parthian rule in the second and third centuries a.d. (4) Sassanians, a.d. 
226 until the Moslem conquest. (5) The Moslem rule, resulting about the 
ninth century in an independent Mohammedan Kingdom. The later con¬ 
quests, as of the Seljuks and by Ge-nghis Khan do not alter the national char¬ 
acter of the Persian Mohammedan art. The origin of the architecture of 
Persia must be sought for in that of the two countries conquered by her, viz., 
Babylon and Media. From the former she derived the raised platform, or 
terrace, on which her palaces were built, and the winged bulls. To the Medes 
she owed her porticoes and halls of columns. The precise position of Persian 
art in the history of the Mohammedan styles is debatable but some scholars 
consider it the fountain head. The varied buildings are treated with remark¬ 
able uniformity of style. The great mosques, medresseh, and caravanseries 
are built around large courts, usually square or rectangular, entered by an 
imposing vaulted portal and surrounded by arcades, usually in two stories, 
which give access to the various chambers, rooms, or cells behind them. As 
to details, it should be noted that neither the horseshoe nor the cusped arch 
prevails in Persia. The equilateral pointed arch occurs but rarely; the char¬ 
acteristic Persian arch resembles somewhat the Tudor arch of the Perpendicu¬ 
lar. In the matter of ornament the Persians surpassed the western Moslems 
in ceramic decoration and in the flowing grace and freedom of their patterns 
as far as they were inferior to them in variety and splendor of ornament. It 
was Persian artists who carried the art of wall tiling into Turkey, Egypt, 
Sicily and Spain. The Persians are adepts in a certain kind of formal gar¬ 
dening, which adds to the effect of their palaces and squares and which was 
carried to India by Persian artists in the train of the Moguls in the sixteenth 
century. 

Perspective Drawing. The art of making such a representation of an object 
upon a plane surface as shall present precisely the same appearance that the 
object itself would to the eye situated at a particular point. 

Pews. A word of uncertain origin, signifying fixed seats in churches, com¬ 
posed of wood framing, mostly with ornamented ends. They seem to have 
come into general use early in the reign of Henry VI, and to have been rented 
and “ well paid for ” before the Reformation. Some bench ends are certainly 
of a decorated character, and some have been considered to be of the Early 
English period. They are sometimes of plain oak board, two and a half to 
three inches thick, chamfered, and with a necking and finial, generally called 
a poppy head; others are plainly paneled with bold cappings; in others the 
panels are ornamented with tracery or with the linen pattern, and sometimes 
with running foliages. The divisions are filled in with thin chamfered board¬ 
ing, sometimes reaching to the floor, and sometimes only from the capping to 
the seat. 
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Picket A narrow board, often pointed, used in making iences; a pale or 
paling. 

Pier-glass. A mirror hanging between windows. 

Piers. The solid parts of a wall between windows, and between voids gen¬ 
erally. The term is also applied to masses of brickwork or masonry which 
are instated to form supports to gates or to carry arches, posts, girders, etc. 

Pilasters. Are flat square calunuis, attached to a wall, behind a column, or 
along the side of a building, and projecting from the wall ahout a fourth or a 
sixth part of their breadth. The Greeks had a slightly different design for the 
capitals of pilasters, and made them the same width at top as at bottom, but 
the Romans gave them the same capitals as the columns, and made them of 
diminished width at the top, similar to the columns. 

Pile. A large stake or trunk of a tree, driven into soft ground, as at the 
bottom of a river, or in made land, for the support of a building. 

Pillar, or Pyller. A word generally used to express the round or polygonal 
piers, or those surrounded with clustered columns, which carry the main 
arches of a building. Saxon and Early Norman pillars are generally stout 
cylindrical shafts built up of small stones. Sometimes, however, they are 
quite square, sometimes with other squares breaking out of them (this is more 
common in French and German work), sometimes with angular shafts, and 
sometimes they are plain octagons. In Romanesque Norman work the pillar 
is sometimes square, with two or more semicircular or half-columns attached. 
In the Early English period the pillars become loftier and lighter, and in most 
important buildings are a series of clustered columns, frequently of marble, 
placed side by side, sometimes set at intervals round a circular center, and 
sometimes almost touching each other. These shafts are often wholly detached 
from the central pillar, though grouped round it, m which case they are almost 
always of Purbeck or Bethersden marbles. In Decorated work the shafts on 
plan are very often placed round a square set anglewise, or a lozenge, the long 
way down the nave; the center or core itself is often worked into hollows or 
other moldings, to show between the shafts, and to form part of the composi¬ 
tion. In this and the It tter part of the previous style there is generally a fillet 
on the outer part .of the shaft, forming what has been called a 
keel molding. They are also often, as it were, tied together by 
bands formed of rings of stone and sometimes of raetail. The 
small pillars at the jambs of doors and windows, and in ar¬ 
cades, and also those slender columns attached to pillars, or 
standing detached, .are generally called shafts. 

Pin. A cylindrical piece of wood, iron, or steel, used to hold 
two or more pieces together, by passing through a hole in each 
of them, as in ,a mortise and tenon joint, or a pin joint of <a 
truss. 

Pinnacle. An ornament originally forming the cap or crown 
of a buttress or small turret, but afterwards used on parapets 
at the comers of towers and in many other situations. It was 
a weight to counteract the thrust of the groining of roofs, par¬ 
ticularly where there were flying buttresses; it stopped the 
tendency to slip of the stone copings of the gables, and coun¬ 
terpoised the thrust of spires; it formed the piers to steady PINNACLE 
the elegant perforated parapets of later periods; and in 
France, especially, served to counterbalance the weight of overhanging corbel 
tables, huge gargoyles, etc. In the Early English period the smaller buttresses 
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frequently finished with gablets, and the more important with pinnacles sup¬ 
ported wi*h clustered shafts. At this period the pinnacles were often sup¬ 
ported on these shafts alone, and were open below; and in larger work In this 
and the subsequent periods they frequently form niches and contain statues. 
In France, pinnacles, like spires, seem to have been in use earlier than in 
England. There are small pinnacles at the angles of the tower in the Abbey of 
Saintes. At Roullet there are pinnacles in a similar position, each composed 
of four small shafts, with caps and bases surmounted with small pyramidal 
spires. In all these examples the towers have semicircular headed windows. 

Pitch of a Roof. The proportion obtained by dividing the height by the 
span; thus, we speak of its being one-half, one-third, one-fourth. When the 
length of the rafters is equal to the breadth of the building it is denominated 
Gothic. 

Pitehing-piece. A horizontal timber, with one of its ends wedged into the 
wall at the top of a flight of stairs, to support the upper end of the rough 
strings. 

Place. An open piece of ground surrounded by buildings, generally deco¬ 
rated with a statue, column, or other ornament. 

Plan. A horizontal geometrical section of the walls of a building; or indi¬ 
cations, on a horizontal plane, of the relative positions of the walls and parti¬ 
tions, with the various openings, such as windows and doors, recesses and pro¬ 
jections, chimneys and chimney-breasts, columns, pilasters, etc. This term 
is often incorrectly used in the sense of Design. 

Planceer. Is sometimes used in the same sense as soffit, but is more cor¬ 
rectly applied to the soffit of the corona in a cornice. 

Plastering. A mixture of lime, hair, and sand, to cover lath-work between 
timbers or rough walling, used from the earliest times, and very common in 
Roman work. In the Middle Ages, too, it was used not only in private, but in 
public constructions. On the inside face of old rubble walls it was not only 
used for purposes of cleanliness, rough work holding dirt and dust, but as a 
ground for distemper painting (tempera, or, as it is often improperly called, 
fresco), a species of ornaments often used in the Middle Ages. At St. Albans 
Abbey, England, the Norman work is plastered, and covered with lines imi¬ 
tating the joints of stone. The same thing is found in English Perpendicular 
work. On the outside of rubble walls, and often of wood framing, it was used 
as roughcast; when ornamented in patterns outside, it is called pargeting. 

Plate. The piece of timber in a building which supports the end of the 
rafters. 

Plinth. The square block at the base of a column or pedestal. In a wall, 
the term plinth is applied to the projecting base or water table, generally at 
the level of the first floor. 

Plumb. Perpendicular; that is, standing according to a plumb line, as, the 
post of a house or wall is plumb. 

Plumbing. The lead and iron pipes and other apparatus employed in con¬ 
veying water, and for toilet purposes in a building; originally the art of casting 
and working in lead. 

Ply. Used to denote the number of thicknesses of roofing paper, as three 
ply, four ply, etc. 

Podium. A continued pedestal; a projection from a wall, forming a kind 
of gallery. 
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Polytriglyph. An intercolumniation in the Doric order of more than two 
triglyphs. 

Poppy Heads. Probably from the French poupee: the finials or other orna¬ 
ments which terminate the tops of bench ends, either to pews or 
stalls. They are sometimes small human heads, sometimes richly 
carved images, knots of foliage, or finials, and sometimes fleurs- 
de-lis simply cut out of the thickness of the bench end and cham¬ 
fered. 

Porch. A covered erection forming a shelter to the entrance 
door of a large building. The earliest known are the long arcaded 
porches in front of the early Christian basilicas, called Narthex. 

In later times they assume two forms—one, the projecting erec¬ 
tion covering the entrance at the west front of cathedrals, and 
divided into three or more doorways, etc ; and the other, a kind 
of covered chambers open at the ends, and having small windows 
at the sides as a protection from rain. 

Portal. A name given to the deeply recessed and richly decorated entrance 
doors to the cathedrals in Continental Europe. 

Portcullis. A strong framed grating of oak, the lower points shod with iron, 
and sometimes entirely made of metal, hung so as to slide up and down in 
grooves with counterbalances, and intended to protect the gateways of 
castles, etc. 

Portico. An open space before the door or other entrance to any building, 
fronted with columns. A portico is distinguished as prostyle or in antis accord¬ 
ing as it projects from or recedes within the building, and is further designated 
by the number of columns its front may consist of. 

Portugal, Architecture of. The architecture of the westernmost of all the 
states of Europe, now a republic. Although there are a few buildings here 
which date from the tenth century, it is almost impossible to trace through 
them any continuous architectural development, for the numerous earth¬ 
quakes and hostile invasions have made havoc. There is a decorative fea¬ 
ture of Portuguese archiiecture which deserves mention, namely, the exten¬ 
sive use of wall tiling. 

Post. Square timber set on end. The term is especially applied to those 
which support the corners of a building, and are framed into bressummers or 
crossbeams under the walls. 

Posticum. A portico behind a temple. 

Presbytery. A work applied to various parts of large churches in a very 
ambiguous way. Some consider it to be the choir itself; others, what is now 
named the sacrarium. Traditionally, however, it seems to be applied to the 
vacant space between the back of the high altar and the entrance to the lady- 
chapel, as at Lincoln and Chichester; in other words, the back- or retro-choir. 

Priming. The laying on of the first shade of color, in oil paint, and gen¬ 
erally consisting mostly of oil, to protect and fill the wood. 

Priory. A monastic establishment, generally in connection with an abbey, 
and presided over by a prior, who was a subordinate to the abbot, and held 
much the same relation to that dignitary as a dean does to a bishop. 

Profile. The outline; the contour of a part, or the parts composing an 
order, as of a base, cornice, etc.; also, the perpendicular section. It is in the 
iust proportion of their profiles that the chief beauties of the different orders 
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of architecture depend. The ancients were most careful of the profiles of 
their moldings. 

Projet. (Fr.) Finished presentation of a design problem. 

Proscenium. The front part of the stage of ancient theaters, on which the 
actors performed. 

Prostyle. A portico in which the columns project from the building of 
which it is attached. 

Protractor. A mathematical instrument for laying down and measuring 
angles on paper, used in drawings or plotting. 

Pseudo-classic Architecture. That phase of neoclassic architecture which 
marked the most stilted period of post Renaissance art, when, under the influ¬ 
ence of Vitruvius’ writings, and those of his modern disciples, the most formal 
imitation of Roman architecture prevailed, and it was the aim to revive the 
whole art of Rome. 

Pseudo-dipteral. False double-winged. When the inner row of columns of 
a dipteral arrangement is omitted and the space from the wall of the building 
to the columns is preserved, it is pseudo-dipteral. 

Puddle. . To settle loose dirt by turning on water, so as to render it firm 
and solid. 

Pugging. A coarse kind of mortar laid on the boarding, between floor joists, 
to prevent the passage of sound; also called deafening. 

Pulpit. A raised platform with enclosed front, whence sermons, homilies, 
etc., were delivered. Pulpits were probably derived in their modem form from 
the ambones in the early Christian church. There are many old pulpits of 
stone, though the majority are of wood. Those in the churches are generally 
hexagonal or octagonal; and some stand on stone bases, and others on slender 
wooden stems, like columns. The designs vary according to the periods in 
which they were erected, having paneling, tracery, cuspings, crockets, and 
other ornaments then in use. Some are extremely rich, and ornamented with 
color and gilding. A few also have fine canopies or sounding boards. Their 
usual place is in the nave, mostly on the north side, against the second pier 
from the chancel arch. Pulpits for addressing the people in the open air were 
common in the Mediaeval period, and stood near a road or cross. Thus, there 
was one at Spitalfields, and one at St. Paul’s, London. External pulpits still 
remain at Magdalen College, Oxford, and at Shrewsbury, England. 

Purlins. Those pieces of timbers which support the rafters to prevent 
them from sinking. 

Putlog. Horizontal pieces for supporting the floor of a scaffold, one end 
being inserted into putlog holes, left for that purpose in the masonry. 

Putty in Plastering. Lump lime slacked with water to the consistency of 
cream, and then left to harden by evaporation till it becomes like soft putty. 
It is then mixed with plaster of Paris, or sand, for the finishing coat. 

Puzzolana. A grayish earth used for building under water. 

Pyramid. A solid, having one of its sides, called a base, a plane figure, and 
the other sides triangles, these points joining in one point at the top, called the 
vertex. Pyramids are called triangular, square, etc., according to the form of 
their bases. 

Pjrz. In Roman Catholic churches, the box in which the host, or conse¬ 
crated wafer, is kept. 
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Quadrangle. A square or quadrangular court surrounded by buildings, as 
was often done formerly in monasteries, college, etc. 

Quarry. A pane of glass cut in a diamond or lozenge form. 

Quarry-face. Ashlar as it comes from the quarry, squared off for the joints 
only, with split face. In distinction from Rock-face, in that the latter may be 
weather-worn, while Quarry-face should be fresh split. The terms are often 
used indiscriminately. 

Quatrefoil. Any small panel or perforation in the form of a four-leaved 
flower. Sometimes used alone, sometimes in circles and over the aisle windows, 
but more frequently in square panels. They are generally cusped, and the 
cusps are often feathered. 

Queen Truss. A truss framed with two vertical tie-posts, in distinction 
from the king-post, which has but one. The upright ties are called Queen- 
posts. 

Quirk Moldings. The convex part of Grecian moldings when they recede 
at the top, forming a reentrant angle, with the surface which covers the mold¬ 
ings. 

Quoins. Large squared stones at the angles of buildings, buttresses, etc., 
generally used to stop the rubble or rough stone work, and that the angles 
may be true and stronger. Saxon quoin stones are said to have been com¬ 
posed of one long and one short stone alternately. Early quoins are generally 
roughly axed; in later times they had a draught tooled by the chisel round the 
outside edges, and later still were worked fine from the saw. 

Rabbet. A continuous small recess, generally understood as having a right- 
angle included between its sides, especially one whose sides enclose a rela¬ 
tively restricted area; one formed by two planes, very narrow as compared 
with their length, such as the small recess on a door-frame, into which the 
edge of a door is made to fit, the recess of a brick jamb to receive a window- 
frame, and the like. 

Rafters. The joist to which the roof-boarding is nailed. Principal rafters 
are the upper timbers ir a truss, having the same inclination as the common 
rafters. 

Rail. A piece of timber or metal extending from one post to another, as in 
fences, balustrades, staircases, etc. In framing and paneling, the horizontal 
pieces are called rails, and the perpendicular, stiles . 

Raking. Moldings whose arrises are inclined to the horizon. 

Ramp. A concavity on the upper side of hand railings formed over risers, 
made by a sudden rise of the steps above. Any concave bend or slope in the 
cap or upper member of any piece of ascending or descending workmanship. 

Rampant. A term applied to an arch whose abutments spring from an 
inclined plane. 

Random Work. A term used by stone-masons for stones fitted together at 
random without any attempt at laying them in courses. Random Coursed 
Work is a like term applied to work coursed in horizontal beds, but the stones 
are of any height, and fitted to one another. 

Range Work. Ashlar laid in horizontal courses; same as coursed ashlar. 

Rebate. A groove on the edges of a board. 

Recess. A depth of some inches in the thickness of a wall, as a niche, etc. 
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Refectory. The hall of a monastery, convent, etc., where the religious took 
their chief meals together. It much resembled the great halls of mansions, 
castles, etc., except that there frequently was'a sort of ambo, approached by 
steps, from which to read the Legenda Sanctorum, etc., during meals. 

Reglet. A flat, narrow molding, used to separate from each other the parts 
of members of compartments and panels, to form frets, knots, etc. 

Renaissance (a new birth). A name given to the revival of Roman archi¬ 
tecture which sprang into existence in Italy as early as the beginning of the 
fifteenth century, and reached its zenith in that country at the close of the 
century. There are several divisions of this style as developed in different 
localities; viz. 

The Florentine Renaissance , of which the Pitti Place, by Brunelleschi, is one 
of the best examples. 

The Venetian Renaissance , characterized by its elegance and richness. 

The Roman Renaissance, which originated in Rome, under the architects 
known as Bronte, Vignola, and Michael Angelo. Of this style the Farnese 
Palace, St. Peter’s, and the modem Capitol at Rome are the best examples. 

The French Renaissance , introduced into France in the latter part of the fif¬ 
teenth century, by Italian architects, where it flourished until the middle of 
the seventeenth century. The Renaissance style was introduced into Ger¬ 
many about the middle of the sixteenth century, and into England about the 
same time by John of Padua, architect to Henry VIII. This style in England 
is generally known under the name of Elizabethan. 

Rendering. In drawing, finishing a perspective drawing in ink or color, to 
bring out the spirit and effect of the design. The first coat of plaster on brick 
or stone work. 

Rendu. (Fr.) Delivery of the projet. 

Reredos, Dorsal, or Dossel. The screen or other ornamental work at the 
back of an altar. In some large English cathedrals, as Winchester, Durham, 
St. Albans, etc., this is a mass of splendid tabernacle work, reaching nearly to 
the groining. In smaller churches there are sometimes ranges of arcades or 
panelings behind the altars; but, in general, the walls at the back and sides of 
them were of plain masonry, and adorned with hangings or paraments. In 
the large churches of Continental Europe the high altar usually stands under a 
sort of canopy or ciborium, and the sacrarium is hung round at the back and 
sides with curtains on movable rods. 

Reticulated Work. That in which the courses are arranged in a form like 
the meshes of a net. The stones or bricks are square and placed lozenge-wise. 

Return. The continuation of a molding, projection, etc., in an opposite 
direction. 

Return Head. One that appears both on the face and edge of a work. 

Reveal. The two vertical sides of an aperture, between the front of a wall 
and the window or door-frame. 

Rib. A molding or projecting piece upon the interior of a vault, or used to 
form tracery and the like. The earliest groining had no ribs. In early Nor¬ 
man times plain flat arches crossed each other, forming ogive ribs. These by 
degrees became narrower, had greater projection, and were chamfered. In 
later Norman work the ribs were often formed of a large roll placed upon the 
flat band, and then of two rolls side by side with a smaller roll or a fillet 
between them, much like the lower member. Sometimes they are enriched 
with zigzags and other Norman decorations, and about this time bosses 
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became of very general use. As styles progressed the moldings were more 
undercut, richer, and more elaborate, and had the dog-tooth or ball-flower or 
other characteristic ornament in the hollows. In all instances the moldings 
are of similar contours to those of arches, etc., of the respective periods. 
Later, wooden roofs are often formed into cants or polygonal barred vaults, 
and in these the ribs are generally a cluster of rounds, and form square or stel¬ 
lar panels, with carved bosses or shields at the intersections. 

Ridge. The top of a roof which rises to an acute angle. 

Ridge-pole. The highest horizontal timber in a roof, extending from top to 
top of the several pairs of rafters of the trusses, for supporting the heads of 
the jack rafters. 

Relievo, or Relief. The projection of an architectural ornament. 

Rise. The distance through which anything rises, as the rise of a stair, or 
inclined plane. 

Riser. The vertical board under the tread in stairs. 

Rococo Style. A name given to that variety of the Renaissance which was 
in vogue during the seventeenth and the latter part of the sixteenth century. 

Roman Imperial Architecture. The architecture of the Roman dominion 
in Europe, Asia, and Africa, ending with the fourth century a.d. With the 
exception of fragments of walls and of a few simple buildings, Roman archi¬ 
tecture is represented by those monuments which were erected during the 
Empire, and as the style was first developed in Rome and then spread through¬ 
out the various countries subjugated, with such modifications as the materials 
of the country and the labor to be obtained required and as the climate sug¬ 
gested, the term “ Roman Imperial Architecture ” has been adopted to pre¬ 
vent confusion. Etruscan architecture is the first source of what may be 
called its elements and in one sense the most important. It was mainly 
through her paved roads that Rome was able to bring into connection all the 
chief cities of the Empire, by the solid construction of her walls to render the 
cities she founded secure against attack, and by employment of arched con¬ 
struction to roof over iier buildings with an imperishable material, to build 
bridges and aqueducts (the latter of vital importance in all her Eastern pos¬ 
sessions), and lastly to drain off water from marshy districts. The second 
source was Greek architecture. The orders, Doric, Ionic and Corinthian, 
where employed in the temple, the basilica and thermae, underwent but little 
change; the great scientific advance, however, made in the quarrying of stone 
and marble and in the transport of large masses of stone, enabled the Roman 
architect to substitute the monolith for the Greek column built in several 
courses, and the greater display of richness in the Corinthian order led to its 
almost universal adoption. There is one other order introduced by the 
Romans, the Composite, which is a mixture of two orders. The earliest 
example of the super-imposition of orders is found in Rome. The notable 
feature of Imperial Roman architecture, when compared with the history of 
more ancient styles, is the immense variety of buildings of every type. By 
far the greatest development in Roman Imperial architecture is that which 
in the thermae and palaces, is found in the employment of the barrel vaults, 
the intersecting barrel vault, and the dome. These features led to erection of 
buildings entirely homogeneous in the material employed, and of so lasting 
and durable a nature that, but for earthquakes and the destructive action of 
mankind, they might all have remained perfect to the present day. The other 
structures which were developed were the arched entrances to towns, tri- 
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umphal arches, tombs, viaducts and colonnaded streets. In some instances 
a knowledge of a type of iron construction is s)iown. 

Romanesque Style. The term Romanesque embraces all those styles of 
architecture which prevailed between the destruction of the Roman Empire 
and the beginning of Gothic architecture. In it are included the Early Roman 
Christian architecture, Byzantine, Mahometan, and the later Romanesque 
architecture proper, which was developed in Italy, France, England, and Ger¬ 
many. This later Romanesque, which was quite different from the preceding, 
came into vogue during the tenth century, and reached its height during the 
twelfth century, and in the thirteenth century gave way to the Pointed or 
Gothic style. In England, Romanesque architecture is known under the name 
of the Saxon, Norman, and Lombard styles, according to the different polit¬ 
ical periods. 

Rood. A name applied to a crucifix, particularly to those which were placed 
in the rood-loft or chancel screens. These generally had not only the image of 
the crucified Saviour, but also those of St. John and the Virgin Mary standing 
one on each side. Sometimes other saints and angels are by them, and the top 
of the screen is set with candlesticks or other decoration. 

Rood-loft, Rood-screen, Rood-beam, Jube Gallery, etc. The arrange¬ 
ment to carry the crucifix or rood, and to screen off the chancel from the rest 
of the church during the breviary services, and as a place whence to read cer¬ 
tain parts of those services. Sometimes the crucifix is carried simply on a 
strong transverse beam, with or without a low screen, with folding-doors below 
but forming no part of such support. In European churches the general con¬ 
struction of wooden screens is close paneling beneath, about 3 feet to 3 feet 
6 inches high, on which stands screen work composed of slender turned bal¬ 
usters or regular wooden mullions, supporting tracery more or less rich, with 
cornices, cresting, etc., and often'painted in brilliant colors and gilded. These 
not only enclose the chancels, but also chapels, chantries, and sometimes even 
tombs. In English mansions, and some private houses, the great halls were 
screened off by a low passage at the end opposite to the dais, over which was 
a gallery for the use of minstrels or spectators. These screens were sometimes 
close and sometimes glazed. 

Rood-tower. A name given by some writers to the central tower, or that 
over the intersection of the nave and chancel with the transepts. 

Roof. The covering or upper part of any building. 

Roofing. The material put on a roof to make it water-tight. 

Rose Window. A name given to a circular window with radiating tracery; 
called also wheel window. 

Rostrum. An elevated platform from which a speaker addresses an audi¬ 
ence. 

Rotunda. A building which is round both within and without. A circular 
room under a dome in large buildings is also called the rotunda. 

Roughcast. A sort of external plastering in which small sharp stones are 
mixed, and which, when wet, is forcibly thrown or cast from a trowel against 
the wall, to which it forms a coating of p'easing appearance. Roughcast 
work has been used in Europe for several centuries, where it was much used in 
timber houses, and when well executed the work is sound and durable. The 
mortar for roughcast work should always have cement mixed with it. 

Rubble Work. Masonry of rough, undressed stones. When only the 
roughest irregularities are knocked off, it is called scabbled rubble, and when 
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the stones in each course are rudely dressed to nearly a uniform height, ranged 
nibble. 

Rudenture. The figure of a rope or staff, which is frequently used to fill up 
the flutings of columns, the convexity of which contrasts with the concavity of 
the flutings, and serves to strengthen the edges. Sometimes, instead of a 
convex shape, the flutings are filled with a fiat surface; sometimes they are 
ornamentally carved, and sometimes on pilasters, etc. Rudentures are used 
in relief without flutings, as their use is to give greater solidity to the lower 
part of the shaft, and secure the edges. They arc generally only used in col¬ 
umns which rise from the ground and are not to reach above one-third of the 
height of the shaft. 

Russia, Architecture of. The architecture of as much of that country as lies 
west of the Ural Mountains. In this vast region there are many remains of 
ancient building showing great capacity for art of a scmibarbaric sort, and 
much of that picturesqueness which comes from massive building of unusual 
height and expressive outline, as in fortification. The Byzantine influence 
entered not earlier than the twelfth century and came partly from the mon¬ 
asteries of the Greek church in the south and partly from Constantinople 
direct. The simple log buildings of the peasantry, including churches as well 
as large and small residences and village houses, are extremely attractive. 
Beginning with the reign of Peter the Great, buildings of modern European 
form have been imitated in Russia, and palaces for the sovereign and for the 
nobles have followed the neoclassic style of the epoch, but generally without 
fortunate result. The taste is often barbarous without being effective, the 
exteriors pompous without being stately. 

Rustic or Rock Work. A mode of building in imitation of nature. This 
term is applied to those courses of stone work the face of which is jagged or 
picked so as to present a rough surface. That work is also called rustic in 
which the horizontal and vertical channels are cut in the joinings of stones, so 
that when placed together an angular channel is formed at each joint. Frosted 
rustic work has the margins of the stones reduced to a plane parallel to the 
plane of the wall, the intermediate parts having an irregular surface. Ver~ 
miculatcd rustic work has these intermediate parts so worked as to have the 
appearance of having been eaten by worms. Rustic chamfered work , in which 
the face of the stones is smooth, and parallel to the face of the wall, and the 
angles beveled to an angle of one hundred and thirty-five degrees with the 
face so that two stones coming together on the wall, the beveling will form 
an internal right angle. 

Sacristy. A small chamber attached to churches, where the chalices, vest¬ 
ments, books, etc., were kept by the officer called the sacristan. In the early 
Christian basilicas there were two semicircular recesses or apsides, one on each 
side of the altar. One of these served as a sacristy, and the other as the biblio¬ 
theca or library. Some have supposed the sacristy to have been the place 
where the vestments were kept, and the vestry that where the priests put 
them on; but we find from Durandus that the sacrarium was used for both 
these purposes. Sometimes the place where the altar stands enclosed by the 
rails has been called sacrarium. 

Saddle Bars. Narrow horizontal iron bars passing from mullion to mullion, 
and often through the whole window, from side to side, to steady the stone 
work, and to form stays, to which the lead work is secured. When the bays 
of the windows are wide, the lead lights are further strengthened by upright 
bars passing through eyes forged on the saddle bars, and called stanchions. 
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When saddle bars pass right through the mullions in one piece, and are secured 
to the jambs, they have sometimes been called stay bars. 

Sagging. The bending of a body in the middle by its own weight, or the 
load upon it. 

Salient. A projection. 

Salon. A spacious and elegant apartment for the reception of company, or 
for state purposes, or for the reception of paintings, and usually extending 
through two stories of the house. It may be square, oblong, polygonal, or 
circular. 

Sanctuary. That part of a church where the altar is placed; also, the most 
sacred or retired part of a temple. A place for divine worship; a church. 

Sanctus Bell-cot, or Turret. A turret or enclosure to hold the small bell 
sounded at various parts of the service, particularly where the words “ Sanc¬ 
tus,” etc., are read. This differs but little from the common bell-cot, except 
that it is generally on the top of the arch dividing the nave from the chancel. 
Sometimes, however, the bell seems to have been placed in a cot outside the 
wall. In England sanctus bells have also been placed over the gables of 
porches. In Continental Europe they run up into a sort of small slender spire, 
called fleche in France, and guglio in Italy. 

Saracenic Architecture. That Eastern style employed by the Saracens, and 
which distributed itself over the world with the religion of Mahomet. It is a 
modification and combination of the various styles of the countries which they 
conquered. 

Sarcophagus. A tomb or coffin made of stone, and intended to contain the 
body. 

Sash. The framework which holds the glass in a window. 

Scabble. To dress off the rougher projections of stones for rubble masonry 
with a stone axe or scabbling hammer. 

Sc&gliola. An imitation of colored marbles in plaster work, made by a com¬ 
bination of gypsum, glue, isinglass, and coloring matter, and finished with a 
high polish, invented between 1600 and 1649. 

Scandinavia, Architecture of. The architecture of the great peninsula now 
occupied by the two kingdoms of Sweden and Norway. The Scandinavian 
lands are sometimes held to include Denmark which is here treated separately. 
Norway contains some ancient timber churches, construction of which is not 
unlike those in New England in the seventeenth and eighteenth centuries. 
Romanesque stone vaulted churches are not unknown. The neoclassic 
architecture of Scandinavia is largely a matter of the residences of the nobility. 
Some of these residences are of extraordinary interest, containing a character 
of bold pseudo-Renaissance design reminding one of good seventeenth century 
German work, but of still greater independence and daring in the treatment 
of the semiclassical details. The late seventeenth century and the early 
eighteenth century have left civic buildings of grave and sedate aspect. 

Scantling. The dimensions of a piece of timber in breadth and thickness; 
also, studding for a partition, when under five inches square. 

Scarfing. The joining and bolting of two pieces of timber together trans¬ 
versely, so that the two appear as one. 

Sconce. A fixed hanging or projecting candlestick. 

Scotia. A concave molding, most commonly used in bases, which projects a 
deep shadow on itself, and is thereby a most effective molding under the eye, 
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as in a base. It is like a reversed ovolo, or, rather, what the mold of an avolo 
would present. 

Scratch Coat. The first coat of plaster, which is scratched to afford a bond 
for the second coat. 

Screeds. Long narrow strips of plaster put on horizontally along a wall, and 
carefully faced out of wind, to serve as guides for plastering the wide intervals 
between them. 

Screen. Any construction subdividing one part of a building from another, 
as a choir, chantry, chapel, etc. The earliest screens are the low marble podia 
shutting off the chorus cantantium in the Roman basilicas, and the perforated 
cancelli enclosing the bema, altar, and seats of the bishops and presbyters. 
The chief screens in a church are those which enclose the choir or the place 
where the breviary services are recited. In Continental Europe this is done 
not only by doors and screen work, but also, when these are of open work, by 
curtains, the laity having no part in these services. In England screens were 
of two kinds: one, of open wood-work, generally called rood-screens or jubes, 
and which the French call grilles , clotures du ckccur, the other, massive enclo¬ 
sures of stone work enriched with niches, tabernacles, canopies, pinnacles, 
statues, crestings, etc., as at Canterbury, York, Gloucester, and many other 
places. 

Scribing. Fitting wood-work to an irregular surface 

Scupper. Outlets for overflow of water in outside or court walls, to drain 
floor of water from automatic sprinklers or fire-hose in case of fire. 

Section. A drawing showing the internal heights of the various parts of a 
building. It supposes the building to be cut through entirely, so as to exhibit 
the walls, the heights of the internal doors and other apertures, the heights of 
the stories, thicknesses of the floors, etc. It is one of the species of drawings 
necessary to the exhibition of a Design. 

Sedilia. Seats used by the celebrants during the pauses in the mass. They 
are generally three in number—for the priest, deacon, and sub-deacon—and 
are in England almost always a species of niches cut into the south walls of 
churches, separated by shafts or by a species of mullions, and crowned with 
canopies, pinnacles, and other enrichments more or less elaborate. The pis¬ 
cina and ambry sometimes are attached to them. In Continental Europe the 
sedilia are often movable seats; a single stone seat has rarely been found. 

Setback. A flat, plain set-off in a wall; also, a setting back of the outside 
wall of a building for some distance from the street-line, especially, in tall 
buildings, such a setting back at a particular height in the building, or one of 
a number of such settings back at different heights, for the purpose of allowing 
better light and ventilation in the street. 

Set-off. The horizontal line shown where a wall is reduced in thickness, 
and, consequently, the part of the thicker portion appears projecting before 
the thinner. In plinths this is generally simply chamfered. In other parts of 
work the set-off is generally concealed by a projecting string. Where, as in 
parapets, the upper part projects before the lower, the break is generally hid 
by a corbel table. The portions of buttress caps which recede one behind 
another are also called set-offs. 

Shaft. In Classical architecture that part of a column between the necking 
and the apophyge at the top of the base. In later times the term is applied to 
slender columns either standing alone or in connection with pillars, buttresses, 
jambs, vaulting, etc. 
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Shed Roof, or Lean-to. A roof with only one set of rafters, falling from 
a higher to a lower wall, like an aisle roof. 

Shore. A piece of timber placed in an oblique direction to support a 
building or wall temporarily while it is being repaired or altered. 

Shrine. A sort of ark or chest to hold relics. It is sometimes merely a 
small box, generally with a raised top like a roof; sometimes an actual model 
of churches; sometimes a large construction, like that of Edward the Con¬ 
fessor at Westminster, of St. Genevieve at Paris, etc. Many are covered with 
jewels in the richest way; that of San Carlo Borromco, at Milan, is of beaten 
silver. 

Sills. Are the timbers on the ground which support the posts and super¬ 
structure of a timber building. The term is most frequently applied to those 
pieces of timber or stone at the bottom of doors or windows. 

Skewback. The inclined stone from which an arch springs. 

Skintled Brickwork. Irregularly formed brickwork arranged with varia¬ 
tions in projections on the exterior face-wall, usually formed of bricks of irreg¬ 
ular shape. 

Skirtings. The narrow boards which form a plinth around the margin of a 
floor, now generally called the base. 

Sleeper. A piece of timber laid on the ground to receive floor joists. 

Soffit. The lower horizontal face of anything as, for example, of an entab¬ 
lature resting on and lying open between the columns, or the under face of an 
arch where its thickness is seen. 

Sound Board. The covering of a pulpit to deflect the sound into a church. 

South America, Architecture of. Ancient: The most interesting develop¬ 
ment occurred previous to the conquest of Peru by the Spaniards in 1532. 
The extent and time of its beginning are not known. At the time of the 
Spanish invasion, the entire territory west of the Andes was in possession of 
the Inca dynasty. Inca architecture is characterized by distinctly stone con¬ 
struction. There is no suggestion of wooden types as in Greece and Egypt. 
The ruins are of large palaces or public buildings. The palaces and temples 
are built around courts. Modern: The most interesting monuments of mod¬ 
ern architecture are situated in Peru. The architecture of Brazil is quite 
recent, built mainly of brick, the splendid woods of the country being used in 
the interior. Like the cities of Brazil, those of Venezuela, Colombia, Chile, 
the Argentine Republic, and other South American countries are quite modern. 

Spall. Bad or broken brick; stone chips. 

Spain, Architecture of. The Iberians, or pre-Roman inhabitants of Spain, 
left no surviving monuments beyond a few slightly known structures in the 
northern Basque provinces. Only fragmentary examples of Roman aque¬ 
ducts, temples and theaters remain. A few scattered remains of seventh and 
eighth century mediaeval buildings present a curious analogy, in style, plan, 
and arrangement, to some of the Roman or Early Christian work of Syria. 
The Moorish invasion amalgamated rival interests into the medieval kingdom 
of Spain and introduced the Renaissance. In the south, the Moors found 
little to preserve when they first entered the kingdom, and their own architec¬ 
tural work strongly impressed the Christian conquerors, so that as the Moslems 
were driven out and the Christian influence gained the ascendancy, the Moor¬ 
ish work was, on the whole, little disturbed, resulting in our finding it in its 
present condition today, with but a slight admixture of the Renaissance. 
The existing architectural remains present, in their geographical distribution, 
a curious analogy to the conditions of the soil and climate, the Gothic and 
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Romanesque being chiefly found in the north, the Moorish in the south, and 
the neoclassic along the central plateau. There does not appear to be in 
Spain a well-defined development or consecutive growth from the mediaeval to 
the modem styles. Rather, each style appears broadly and frankly borrowed 
outright, the only essentially Spanish factors being displayed in a few pecu¬ 
liarities of plan and in the spirit of the detail, the noticeable lack being in 
inventive progression rather than in ability to adapt. 

Span. The distance between the supports of a beam, girder, arch, truss, etc. 

Spandrel, or Spandril. The space between any arch or curved brace and the 
level label, beams, etc., over the same. The spandrels over doorways in Per¬ 
pendicular works are generally richly decorated. Also, an exterior non¬ 
bearing wall in skeleton construction built between columns or piers and 
wholly supported at each story. 

Specification. Architect's. The designation of the kind, quality, and 
quantity of work and material to go in a building, in conjunction with the 
working drawings. 

Spire. A sharply pointed pyramid or large pinnacle, generally octagonal in 
England, and forming a finish to the stops of towers. Timber spires are very 
common in England. Some are covered with lead in flat sheets, others with 
the same metal in narrow strips laid diagonally. Very many are covered with 
shingles. In Continental Europe there are some elegant examples of spires of 
open timber work covered with lead. 

Splayed. The jamb of a door, or anything else of which one side makes an 
oblique angle with the other. 

Springer. The stone from which an arch springs; in some cases this is a 
capital, or impost; in other cases the moldings continue down the pier. The 
lowest stone of the gable is sometimes called a springer. 

Squinches. Small arches or corbled set-offs running diagonally an I, as it 
were, cutting off the comers of the interior of towers, to bring them from the 
square to the octagon, etc., to carry the spire. 

Squint. An oblique opening in the wall of a church; especially, in mediae¬ 
val architecture, an opening so placed as to afford a view of the high altar from 
the transept or aisles. 

Staging. A structure of posts and boards for supporting workmen and 
material in buildings. 

Stall. A fixed seat in the choir for the use of the clergy. In early Christian 
times the thronus cathedra, or seat of the bishop, was in the center of the apsis 
or bema behind the altar, and against the wall; those of the presbyters also 
were against the wall, branching off from side to side around the semicircle. 
In later times the stalls occupied both sides of the choir, return seats being 
placed at the ends for the prior, dean, precentor, chancellor, or other officers. 
In general, in cathedrals, each stall is surmounted by tabernacle work, and 
rich canopies, generally of oak. 

Stanchion. A word derived from the French Uan$on, a wooden post, 
applied to the upright iron bars which pass through the eyes of the saddle bars 
or horizontal irons to steady the lead lights. The French call the latter 
traverses , the stanchions montants, and the whole arrangement armature . 
Stanchions frequently finish with ornamental heads forged out of the iron* 

Steeple. A general name for the whole arrangement of tower, belfry, spire, 
etc 
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Stereobate. A basement, distinguished from the nearly equivalent term 
stylobate by the absence of columns. 

Stile. The upright piece in framing or paneling. 

Stilted. Anything raised above its usual level. An arch is stilted when its 
center is raised above the line from which the arch appears to spring. 

Stoa. A portico used by the ancient Greeks as a shady promenade or 
meeting place, where conversation might be held or speakers heard. The 
stoa took the form of a roof structure, the length of which was great as com¬ 
pared to its depth. Ordinarily, there was at the back an enclosing wall, and 
in front, facing the street or public square, a colonnade. The floor was gen¬ 
erally raised a few steps above the street. Some were two stories in height. 

Stoop. A seat before the door; often a porch with a balustrade and seats 
on the sides. 

Stoup. A basin for holy water at the entrance of Roman Catholic churches, 
into which all who enter dip their fingers and cross themselves. 

Straight Arch. A form of arch in which the intrados is straight, but with its 
joints radiating as in a common arch. 

Strap. An iron plate for connecting two or more timbers, to which it is 
screwed by bolts. It generally passes around one of the timbers. 

Stretcher. A brick or block of masonry laid lengthwise of a wall. 

String Board. A board placed next to the well-hole in wooden stairs, termi¬ 
nating the ends of the steps. The string piece is the piece of board put under 
the treads and risers for a support, and forming the support of the stair. 

String-course. A narrow, vertically faced and slightly projecting course in 
an elevation. If window-sills are made continuous, they form a string-course; 
but if this course is made thicker or deeper than ordinary window-sills, or 
covers a set-off in the wall, it becomes a blocking-course. AI 30 , horizontal 
moldings running under windows, separating the walls from the plain part of 
the parapets, dividing towers into stories or stages, etc. Their section is 
much the same as the labels of the respective periods; in fact, these last, after 
passing round the windows, frequently run on horizontally and form strings. 
Like labels, they are often decorated with foliages, ball-flowers, etc. 

Stucco. Any material used as a covering for walls and the like, put on wet 
and drying hard and durable. Plaster where applied to walls in the usual 
way is a kind of stucco, and the hard finish is almost exactly like fine Roman 
stucco except that it is applied in only one thin coat instead of many. Vitru¬ 
vius speaks of three coats mixed with sand and three coats mixed with marble 
dust, but does not give the thickness of coats, nor, what would answer the 
same purpose, how wet the mixture was made. He speaks of well-finished 
stucco shining so as to reflect the images falling upon it, and states that per¬ 
sons used to get slabs of plaster from ancient walls and use them for tables, 
the material being so beautiful in itself. The term is generally applied to out- 
Df-door work. Even in modern fireproof buildings the decorative use of fine 
plastering to replace woodwork} as for dados and the like, is not in the United 
States called stucco, but takes the name of the material used, generally a pro¬ 
prietary name. The term is used commonly for outer walls. The practical 
value of stucco is very great as being so nearly impervious to water; thus an 
excellent wall three stories high, or even higher, may be built with eight inches 
of brick on the inner side, four inches of brick on the outer side, an air space 
*f two or four inches across which the outer and the inner walls are well tied, 
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and two coats of well-mixed and well-laid stucco on the exterior, this being 
finally painted with oil paint. 

Studs, or Studding. The small timbers used in partitions and outside 
wooden walls, to which the laths and boards are nailed. 

Style. The term style in architecture has obtained a conventional meaning 
beyond its simpler one, which applies only to columns and columnar arrange¬ 
ments. It is now used to signify the differences in the moldings, general out¬ 
lines, ornaments, and other details which exist between the works of various 
nations, and also those differences which are found to exist between the works 
of any nation at different times. 

Stylobate. A basement to columns. Stylobate is synonymous with ped¬ 
estal, but is applied to a continued and unbroken substructure or basement to 
columns, while the latter term is confined to insulated supports. The Greek 
temples generally had three or more steps all around the temple, the base of 
the column resting on the top step; this was the stylobate. 

Subsellium. A name sometimes given to the seat in the stalls of churches; 
same as miserere. 

Summer. A girder or main-beam of a floor; if supported on two-story posts 
and open below, it is called a Brace-summer. 

Sump. A swamp, bog, or muddy pool (now provincial English); also, a pit, 
well, or the like, in which water or other liquid is collected; in mining, a space 
at the bottom of a shaft where water is allowed to collect; in mechanics, a 
reservoir for oil situated at the lowest point in a circulating system for lubri- 
cating-oil in an internal-combustion engine. 

Surbase. A cornice or series of moldings on the top of the base of a ped¬ 
estal-podium, etc.; a molding above the base. 

Surface. To make plane and smooth. 

Syria, Architecture of. The architecture of the country stretching from the 
eastern coast of the Mediterranean eastward to the Euphrates scarcely pos¬ 
sesses an indigenous architectural style, as the Semitic tribes who peopled 
this region were not a building race. In all the earlier work of the country, 
down to the Mohammedan invasion in the seventh century, there are two 
special characteristics not found elsewhere: (1) Monolithism, employment of 
immense blocks of masonry, essentially Phoenician. (2) Drafted masonry; 
in order to obtain a fine and accurate joint, the masons worked a draft round 
the edge of each stone, thus constituting what is known as rusticated 
masonry. The architecture may be grouped under the following divisions: 
Herodian and Roman work, synagogues, Roman work of second century and 
1 iter, colonnaded streets, Roman temples, Roman tombs, theaters, Sassanian 
or doubtful buildings, Christian buildings, Syrian round-arched style, Cru¬ 
saders' work, Moslem work. 

Systyle. An intercoluirmiation to which two diameters are assigned. 

Tabernacle. A species of niche or recess in which an image may be placed. 
They are generally highly ornamented and often surmounted with crocheted 
gables. The word tabernacle is also often used to denote the receptacle for 
relics, which was often made in the form of a small house or church. 

Tabernacle Work. The rich ornamental tracery forming the canopy, etc., 
to a tabernacle, is called tabernacle work; it is common in the stalls and 
screens of cathedrals, and in them is generally open or pierced through. 
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Tail Trimmer. A trimmer next to the wall, into which the ends of joists are 
fastened to avoid flues. ' 

Tamp. To pound the earth down around a wall after it has been thrown in. 

Tapestry. A kind of woven hangings of wool or silk, ornamented with 
figures, and used formerly to cover and adorn the walls of rooms. They were 
often of the most costly materials and beautifully embroidered. 

Temple. An edifice destined, in the earliest times, for the public exercise of 
religious worship. 

Templet, or Template. A mold used by masons for cutting or setting work. 
A short piece of timber sometimes laid under a girder 

Terminal. Figures of which the upper parts only, or perhaps the head and 
shoulders alone, are carved, the rest running 
into a parallelopiped, and sometimes into a 
diminishing pedestal, with feet indicated below, 
or even without them, are called terminal 
figures. 

Terra-cotta. Baked day of a fine quality. 

Much used for bas-reliefs for adorning the 
friezes of temples. In modem times employed 
for architectural ornaments, statues, vases, etc. 

Terrazzo. A concrete pavement used for 
floors in the province of Venetia, even in houses 
of some pretensions to elegance. Lime-mortar 
made unusually dry is the principal material; in 
this are inlaid small pieces of marble, usually 
not too large to pass through a ring an inch 
and a half in diameter. The whole is beaten 
hard, rubbed down, and polished. 

Tessellated Pavements. Those formed of tesserae, or, as some write it, 
tessellae, or small cubes from half an inch to an inch square, like dice, of pot¬ 
tery, stone, marble, enamel, etc. 

Tetrastyle. A portico of four columns in front. 

Tholobate. That on which a dome or cupola rests. This is a term not in 
general use, but it is not the less of useful application. What is generally 
termed the attic above the peristyle and under the cupola of St. Paul’s, Lon¬ 
don, would be correctly designated the tholobate. A tholobate of a different 
description, and one to which no other name can well be applied, is the circular 
substructure to the cupola of the University College, London. 

Throat. A channel or groove made on the under-side of a string-course, 
coping, etc., to prevent water from running inward toward the walls. 

Tie. A timber, rod, chain, etc., binding two bodies together, which have a 
tendency to separate or diverge from each other. The tie-beam connects the 
bottom of a pair of principal rafters, and prevents them from bursting out the 
wall. 

Tiles. Flat pieces of clay burned in kilns, to cover roofs in place of slates or 
lead. Also, flat pieces of burned clay, either plain or ornamented, glazed or 
unglazed, used for floors, wainscoting, and about fireplaces, etc.. Small square 
pieces of marble are also called tile. 

Tongue. The part of a board left projecting, to be inserted into a groove. 
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Tooth Ornament. One of the peculiar marks of the Early English period of 
Gothic architecture, generally inserted in the hollow moldings of doorways, 
windows, etc. 

Torso. A multilated statue of which nothing remains but the trunk. 
Columns with twisted shafts have also this term. Of this kind there are sev¬ 
eral varieties. 

Torus. A protuberance or swelling, a molding -»-*r\ 

whos? form is convex, and generally nearly ap- ( _i 

proaches a semicircle. It is most frequently used -- 

in bases, and is generally the lowest molding in a torus 

base. 


Tower. An elevated building originally designed for purposes of defence. 
Those buildings are of the remotest antiquity, and are, indeed, mentioned in 
the earliest Scriptures. In mediaeval times they were generally attached to 
churches, to cemeteries, to castles, or used as bell-towers in public places of 
large cities. In churches, the towers of the Saxon period were generally 
square. Norman towers were also generally square. Many were entirely 
without buttresses; others had broad, flat, shallow projections which served- 
for this purpose. The lower windows were very narrow, with extremely wide? 
splays inside, probably intended to be defended by archers. The upper win¬ 
dows, like those of the preceding style, were generally separated into two 
lights, but by a shaft or short column, and not by a baluster. Early English 
towers were generally taller, and of more elegant proportions. They almost 
always had large projecting buttresses, and frequently stone staircases. The 
lower windows, as in the former style, were frequently mere arrow-slits; the 
upper were in couplets or triplets, and sometimes the tower top had an arcade 
all around. The spires were generally broach spires; but sometimes the 
tower tops finished with corbel courses and plain parapets, and (rarely) with 
pinnacles. There are a few Early English towers which break into the octagon 
from the square toward the top, and still fewer which finish with two gables. 
Both these methods of termination, however, are common in Continental 
Europe. At Vendome, Chartres, and Senlis the towers have octagonal upper 
stages surrounded with pinnacles, from which elegant spires arise. In the 
North of Italy, and in Rome, they are generally tall square shafts in four to six 
stages, without buttresses, with couplets or triplets or semicircular windows in 
each stage, generally crenellated at top, and covered with a low pyramidal 
roof. The well-known leaning tower at Pisa is cylindrical, in five stories of 
arcaded colonnades. In Ireland there are in some of the churchyards very 
curious round towers. 


Tracery. The ornamental filling in of the heads of windows, panels, circular 
windows, etc., which has given such characteristic beauty to the architecture of 
the fourteenth century. Like almost everything connected with mediaeval 
architecture, this elegant and sometimes fairy-like decoration seems to have 
sprung from the smallest beginnings. The circular-headed window of the 
Normans gradually gave way to the narrow-pointed lancets of the Early 
English period, and, as less light was afforded by the latter system than by 
the former, it was necessary to have a greater number of windows; and it was 
found convenient to group them together in couplets, triplets, etc. When 
these couplets were assembled under one label, a sort of vacant space or 
spandrel was formed over the lancets and under the label. To relieve this, 
the first attempts were simply to perforate this flat spandrel, first by a simple 
lozenge-shaped or circular opening, and afterward by a quatrefoil. By pierc* 




2236 


Glossary 


[Part 3 


mg the whole of the vacant spaces in the window head, carrying moldings 
around the tracery, and adding cusps to it, the formation of tracery was com¬ 
plete, and its earliest result was the beautiful geometrical work such as is 
found at Westminster Abbey. 

Transept. That portion of a church which passes transversely between the 
nave and choir at right angles, and so forms a cross on the plan. 

Transom. The horizontal construction which divides a window into 
heights or stages. Transoms are sometimes simple pieces of mullions placed 
transversely as cross-bars, and in later times are richly decorated with 
cuspings, etc. 

Traverse. To plane in a direction across the grain of the wood, as to trav¬ 
erse a door by planing across the boards. 

Tread. The horizontal part of a step of a stair. 

Trefoil. A cusping the outline of which is derived from a three-leaved 
flower or leaf, as the quatrefoil and cinquefoil are from those with four and 
five. 

Trellis. Lattice-work of metal or wood for vines to run on. 

Trestle. A movable frame or support for anything; when made of a cross¬ 
piece with four legs it is called by carpenters a horse. 

Triforium. The arcaded story between the lower range of piers and arches 
and the clere-story. The name has been supposed to be derived from tres and 
fores —three doors, or openings—that being a frequent number of arches in 
each bay. 

Triglyph. The vertically channeled tablets of the Doric frieze are called 
triglyphs, because of the three angular channels in them—two perfect and one 
divided—the two chamfered angles or hemiglyphs being reckoned as one. 
The square sunk spaces between the trigylphs on a frieze are called metopes. 

Trim. Of a door, sometimes used to denote the locks, knobs, and hinges. 

Trimmer. The beam or floor joist into which a header is framed. 

Trimmer Arch. An arch built in front of a fireplace, in the thickness of the 
floor, between two trimmers. The bottom of the arch starting from the chim¬ 
ney and the top pressing against the header. 

Tuck-pointing. Marking the joints of brickwork with a narrow parallel 
ridge of fine putty. 

Tudor Style. The architecture which prevailed in England during the reign 
of the Tudors; its period is generally restricted to the end of the reign of 
Henry VIII. 

Turret. A small tower, especially at the angles of larger buildings, some¬ 
times overhanging and built on corbels, and sometimes rising from the ground. 

Tuscan Order. The plainest of the five orders of Classic architecture. 

Tympanum. The triangular recessed space enclosed by the cornice which 
bounds a pediment. The Greeks often placed sculptures representing subjects 
connected with the purposes of the edifice in the tympana of temples, as at the 
Parthenon and Angina. 

Under-croft. A vaulted chamber under ground. 

United States, Architecture of. The architecture of the whole territory 
of the republic, which might be considered under the following heads: (1) Pre- 
Columbian Era; Many structures were only of one story, but some were of 
four or five. From the rude bough wickyup of the Arizona Pai Ute, lightly 
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abandoned on every change of camp, to the massive and elaborately orna¬ 
mental stone buildings of the Maya of Yucatan. It is possible, therefore, in 
America to take up the study of house building where the thread is lost in 
Europe, and with both follow the line of development from the wickyup to 
the Parthenon. (2) Colonial Era; Influenced by Great Britain, Spain, 
Holland, Sweden, and France. (3) Modern Era; Starting with Worlds 
Fair at Chicago in 1893 and culminating in the tall building or “ sky¬ 
scraper ” office-building of the twentieth century. 

Upset. To thicken, and shorten as by hammering a heated bar of iron on 
the end. 

Vagina. The upper part of the shaft of a terminus, from which the bust or 
figure seems to rise. 

Valley. The internal angle formed by two inclined sides of a roof. 

Valley Rafters. Those which are disposed in the internal angle of a roof to 
form the valleys. 

Vane. The weathercock on a steeple. In early times it seems to have been 
of various forms, as dragons, etc.; but in the Tudor period the favorite design 
was a beast or bird sitting on a slender pedestal, and carrying an upright rod, 
on which a thin plate of metal is hung like a flag, ornamented in various ways. 

Vault. An arched ceiling or roof. A vault is, indeed, a laterally conjoined 
series of arches. The arch of a bridge is, strictly speaking, a vault. Inter¬ 
secting vaults are said to be groined. See Groined Vaulting for fuller descrip¬ 
tion of vaults. 

Verge. The edge of the tiling, slate or shingles, projecting over the gable of 
a roof, that on the horizontal portion being called eaves. 

Verge Board. Often corrupted into Barge Board; the board under the 
verge of gables, sometimes molded, and often very richly carved, perforated, 
and cusped, and frequently having pendants, and sometimes finials, at the 
apex. 

Vermiculated. Stores, etc., worked so as to have the appearance of having 
been worked by worms. 

Vestibule. An ante-hall, lobby, or porch. 

Vestry. A room adjoining a church, where the vest¬ 
ments of the minister are kept and parish meetings held. 

Viaduct. A structure of considerable magnitude, and 
usually of masonry, for carrying a railway across a 
valley. 

Vignette. A running ornament, representing, as its 
name imports, a little vine, with branches, leaves, and 
grapes. It is common in the Tudor period, and runs or roves in a large 
hollow or casement. It is also called Trayle. 

Villa. A somewhat pretentious country house. 

Volute. The convolved or spiral ornament which forms the characteristic of 
the Ionic capital. Volute, scroll, helix, and cauliculus are used indifferently 
for the angular horns of the Corinthian capital. 

Voussoir. One of the wedge-like stones which form an arch; the middle one 
is called the key-stone. 

Wainscot. The wooden lining of walls, generally in panels. 
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Wall Plates. Pieces of timber which are placed on top of brick or stone 
walls so as to form the support to the roof of a,building. 

Wane. The natural curvature of a log or of the edge of a board sawed 
from an unsquared log. 

Warped. Twisted out of shape by seasoning. 

Water Table. A slight projection of the lower masonry or brickwork on the 
outside of a wall a few feet above the ground as a protection against rain. 

Weather Boarding. Boards lapped over each other to prevent rain, etc., 
from passing through. 

Weathering. A slight fall on the top of cornices, window-sills, etc., to 
throw off the rain. 

West Indies, Architecture of. The architecture of these islands, their 
country districts and their towns. Some of the towns are of ancient estab¬ 
lishment and contain buildings of the sixteenth century and those which have 
immediately succeeded them, while others are in architectural character 
entirely of the nineteenth century, and not of its earliest years. 

Wicket. A small door opening in a larger. They are common in mediaeval 
doors, and were intended to admit single persons, and guard against sudden 
surprises. 

Wind. A turn, a bend. A wall is out of wind when it is a perfectly flat 
surface. 

Wing. A side building less than the main building. 

Withes. The partition between two chimney flues in the same stack. 
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ARCHITECTURAL TERMS AS DEFINED IN VARIOUS 
BUILDING CODES 

The following definitions have been taken from building codes or laws of 
various cities. The letters following the definitions indicate the city or code 
from which they are taken, as follows: (B.), Boston; (C.), Chicago; (D.), 
Detroit; (L. A.), Los Angeles; (N. Y.) f New York; (P. C.), Pacific Coast 
Uniform Building Code; (P ), Philadelphia; (S. F.), San Francisco; (S.), 
Seattle; (St. L.), St. Louis. 

Addition. . . . any change to a structure which increases any of its exterior 
dimensions. (P.) 

Alley. . . . any public thoroughfare in the rear of a lot which fronts on a 
public street. (St. L.) ... a public thoroughfare which is less than twenty 

feet in width, or one which is twenty feet or more in width but unnamed. 
(S.) . . . any public space, public park or thoroughfare less than sixteen 

feet but not less than ten feet in width which has been deeded to the public 
for public use. (P. C.) 

Alteration. . . . any change to a structure which docs not increase any of 
its exterior dimensions. (P.) . . . any change, addition or modification in 

construction or grade of occupancy. (D.) ... any change or addition. 

(S. F.) ... as applied to a building or structure, is any change or rearrange¬ 

ment in the structural parts or in the exit facilities, or any enlargement, 
whether by extending on any side or by increasing in height, or the moving 
from one location to another. (N. Y.) . . . any change or addition. (L. A.) 

Apartment. (See Apartment-House.) . . . room, or suite of two or more 
rooms, which is or are occupied as a home for one or more persons. (P ) 

. . . shall be taken to mean a room or suite of two or more rooms in a tene¬ 
ment-house occupied or suitable for occupation as a residence for one family 
doing its own cooking in the apartment or on the premises. One person may 
be construed to be a family. (St. L.) Apartment or Flat, . . . any number 
of rooms occupied as the dwelling-place of but one family, except that it shall 
not include a residence as herein defined. (S) ... room or suite of rooms 

in an apartment-house, which is occupied or which is intended or designed 
to be occupied by one family for living and sleeping purposes. (P. C.) 
... a room or suite of two or more rooms occupied or intended or designed to 
be occupied as a family domicile. (C.) 

Apartment-House. (See Apartment.) . . . any building, or portion 
thereof, containing three or more apartments. For the purpose of this code 
an apartment-house is a tenement. (P.) Apartment-House or Flat Build¬ 
ing, ... a building containing one or more apartments. (S.) ... in any 

building or portion thereof which is designed, built, rented, leased, let or 
hired out to be occupied, or which is occupied as the home or residence of 
three or more families living independently of each other and doing their own 
cooking in the said building, and shall include flats and apartments. (P. C.) 
Tenement-House and Apartment-House, . . . any dwelling coming within the 
definition of a tenement-house as defined in the State Tenement House Law. 
(S. F.) Apartment-House or Tenement-House, ... a building containing 
separate apartments for three or more families, and having a street entrance 
common to all. (L. A.) 
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Areaway. .. . any sub-surface space adjacent to a building, for lighting 
or ventilating cellars or basements, or for other purposes. (P.) ... a space 

below the surface of the ground adjacent to and outside of a building and used 
in connection therewith. (S.) 

Attic. . . . that part of a building wholly or partly within the roof framing, 
unfinished, not inhabited nor used for sleeping purposes. (P.) . . . any 

unfinished space immediately below the roof of a building or an upper room 
having a height of less than eight feet. (St. L.) Attic or Attic Story, 
. .. any story situated wholly, or partly in the roof, so designated, arranged 
or built as to be used for business, storage or habitation. (P. C.) 

Basement. ... a story, or portion thereof, partly but not more than one- 
half below the average grade of the ground surrounding the building, as shown 
on the drawings upon which the permit was granted, and counted as a story 
in determining the height of the building. (P.) ... shall be taken to mean 

a story, partly, but not more than one-half below the level of the street grade 
or ground nearest the building. (St. L.) ... that portion of a building 

between floor and ceiling, which is partly below and partly above grade . . . , 
but so located that the vertical distance from grade to the floor below is less 
than the vertical distance from grade to ceiling. (P. C.) ... a story partly, 

but not more than one-half below the level of the inside sidewalk grade of the 
street nearest the building. If the floor of such basement is less than two feet 
below such grade, or if the ceiling of such basement is more than seven feet 
six inches above said grade, said story shall be classed as the first story of the 
building in which it occurs; provided, however, that the ceiling height may 
be raised above the height of seven feet six inches heretofore given, not more 
than one-third of an inch for every foot of such distance said building is set 
back from the street-line of the street nearest the building, but in no case 
shall any rise of ceiling be allowed for any distance beyond thirty feet said 
building may be set back from the line of the street nearest the building, and 
in such cases all rises in the basement ceiling shall be computed according to 
the distance between the street-line and the outside wall of the building near¬ 
est to said street-line. Provided, further, that the yard, or ground level, or 
walks, or other improvements thereon for a distance of twelve feet at every 
point from all outside walls of said building shall not be lower than eight feet 
three inches below the floor-level of the first story of said building. (C.) 
... a lower story of which a part, but less than one-half, is below the level of 
the curb-line of the street or of the general level of the ground. (S. F.) 

.. . that part of a building not more than 40% nor less than 35% of which is 
below the mean grade of the curb of the principal street upon which the 
building abuts, or if it does not abut upon a street, then below the mean 
grade of the land adjoining the building. When the building abuts on two 
or more streets the commissioner shall determine which is the principal street. 
(B.) . . . that story of a building not more than five feet of the height of 

which at any point is below the grade of the street upon which the principal 
entrance to the building opens. (L. A.) 

Bay. .. . that space within a building between two adjacent rows of 
columns, or between a row of columns and a bearing-wall. (P.) Bay or 
Panel, . . . one of the intervals or spaces into which a building front is divided 
by columns, piers or division-walls. The floor-space included between the 
intersection of parallel rows of columns or walls of bays at right-angles to each 
other and the face of a wall between two adjoining pilasters or piers is called 
a panel. (D.) 



Architectural Terms as Defined in Various Building Codes 2241 

Bay-Window. (See Oriel Window ,) . . . any window extending beyond 

the wall of a building. (P.) ... a rectangular, curved or polygonal window 

supported on a foundation which projects from the balance of the enclosing 
wall. (D.) Oriel Window, ... a projecting window similar to a bay- 
window, but carried on brackets or corbels. The term “ Bay-Window ” 
may also be applied to an oriel window, projecting over the street line. (D.) 
... a rectangular, curved or polygonal window, supported on a foundation 
extending beyond the main wall of the building. (P. C.) 

Buflding. . . . any structure for the support, shelter or enclosure of per¬ 
sons, animals or chattels; and when separated by division walls, from the 
ground up, and without openings, then each portion of such building shall be 
deemed a separate building. (St. L.) ... any structure built for the sup¬ 

port, shelter, or enclosure of persons, animals or chattels, and when separated 
by division walls without openings, each portion so separated shall be deemed 
a separate building. (S.) . . . any structure built for the support, shelter 

and enclosure of persons, animals, chattels, or movable property of any kind; 
and when separated by an “Absolute Fire Separation ” each portion of 
such building so separated shall be deemed a separate building. (P. C.) 
Building or Structure, . . . any construction the arrangement of which may 
affect the health, safety or general welfare of man or animals. (S. F.) 

Building-Line. ... a line beyond which property owners or others have no 
legal or vested right to extend a building or any part thereof, without provision 
therefor in this code, or without special permission and approval of the proper 
authorities; ordinarily a line of demarcation between public and private 
property. (P.) 

Cellar. ... a story, or portion thereof, more than one-half below the 
average grade of the ground surrounding the building, as shown on the draw¬ 
ings upon which the permit was granted, and not counted as a story in deter¬ 
mining the height of the building. (P.) . . . shall be taken to mean a story 

more than one-half below the level of the street grade or ground nearest the 
building. A cellar shall not be included in designating the height or number 
of stories of building referred to in any part of this ordinance. (St. L.) 

. . . that portion of a building between floor and ceiling which is wholly or 
partly below grade . . . and so located that the vertical distance from grade 
to the floor below is equal to or greater than the vertical distance from grade 
to ceiling. (P. C.) ... a story more than one-half below the level of the 

inside sidewalk grade of the street nearest the building. Where the grade of 
a street adjacent to a tenement-house varies, the average grade of such 
street opposite the lot containing the tenement-house shall be regarded as 
the grade of such street within the meaning of this chapter. (C.) ... a 

lower story of which one-half or more is below the level of the curb-line 
of the street, or streets, on which it faces, or of the general level of the ground. 
(S. F.) ... when there is a basement, that part or parts of a building below 

the basement. When there is no basement, that part of a building more than 
40% of which is below the mean grade of the curb of the principal street upon 
which the building abuts, or if it does not abut upon a street not more than 
40% below the mean grade of the land adjoining the building. When the 
building abuts on two or more streets, the commissioner shall determine which 
is the principal street. (B.) 

Club. ... a building used for the mutual entertainment, recreation and 
lodging of the members only of an organized club or society and their 
guests. (S.) 
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Court. ... an open unoccupied space other than a yard on the same lot 
with a building. (P.) ... an open, unoccupied space on the same lot 

with a tenement-house other than a yard. (St. L.) Exterior, ... a court 
which is bounded on one or more sides by a street or alley. Interior, . . . any 
court other than an exterior court, as herein defined. (S.) ... an open, 

unoccupied space, bounded on two or more sides by the walls of the building. 
An inner court is a court entirely within the exterior walls of a building. All 
other courts are outer courts. (P. C.) ... an open, unoccupied, unob¬ 
structed space, other than a yard, on the same lot with a tenement-house; 
a court entirely surrounded by a tenement-house is an inner court; a court 
bounded on one side and both ends by a tenement-house, and on the remain¬ 
ing side by a lot line, is a lot-line court; a court extending to a street, alley or 
yard is an outer court. (C.) ... an open, unoccupied space other than a 

yard on the same lot as the building. A court extending to the yard or street 
is an outer court. A court extending to the lot line is a lot-line court. (S. F.) 

Dwelling. . . . any house or building not a lodging-house, tenement, room¬ 
ing-house or inn; all or any part of which is occupied as a home or residence 
of a family, or of two families, living independent of each other. (P.) ... a 

residence. (S.) ... a building which shall be intended or designed for or 

used as the home or residence of not more than two separate and distinct 
families or households, and in which not more than fifteen rooms shall be used 
for the accommodation of boarders, and no part of which structure is used as 
a store or for any business purpose. Two or more such dwellings may be 
connected on each story and used for boarding purposes, provided the halls 
and stairs of each house shall be left unaltered and kept open and in use as 
such. (S. F.) ... a building intended for the residence of not over two 

families. (L. A.) . . . Dwelling-Place, ... a building, or part thereof, 

which is occupied by one or more families, who live therein and cook their own 
food upon said premises. (S ) 

Factory. The term shall include every building in which goods, wares and 
merchandise are manufactured. (D.) ... a building used for manufacturing 

articles by machinery. (S.) ... a building, the whole or greater portion 

of which is used for manufacturing purposes. (L. A.) 

First Story. (See Story.) . . . the story, the floor of which is at or first 
above the level of the sidewalk, or adjoining the ground. The other stories 
are to be numbered in regular succession, counting upward. (D.) ... the 

first story more than 65% of the height of which is above the mean grade of 
the curb of the principal street upon which the building abuts or if it does not 
abut upon a street, the first story of a building, more than 65% of the height 
of which is above the mean grade of the land adjoining the building. Where 
there is a basement, that story next above the basement shall be the first 
story of a building. Where there is a cellar and no basement that story 
next above the cellar shall be the first story of a building. When the building 
abuts on two or more streets the commissioner shall determine which is Che 
principal street. (B.) 

Flats. (See Apartment.) ... a building of two or more stories containing 
separate self-contained dwellings, each dwelling having an independent 
entrance on the level of the street or from an outside vestibule on the level of 
the first floor. (S. F.) ... a building of two or more stories containing inde¬ 

pendent dwellings, each having its own street entrance. (L. A.) 

Footing. ... the spreading course at the base or bottom of a foundation 
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wall, pier or column. (P.) . . . the projecting course or courses at the bot 

tom of a foundation wall or pier. (D.) 

Foundation, (a) ... all that portion of a building or a structure below 
the top of footings, or basement or cellar floor, (b) ... the earth upon which 
the structure rests. (D.) ... shall be taken to mean that portion of a 

building below ground and in contact with the earth. (St. L.) 

Front. . . . that face thereof which contains the principal entrance to said 
building. (L. A.) 

Garage. A public garage shall mean any place where space is rented for the 
storage of more than two automobiles or motor-driven vehicles. A private 
garage shall mean any place other than a public garage where motor-driven 
vehicles are stored. (P.) ... a building, or portion thereof, in which a 

motor vehicle is kept for storage, repair or for any other purpose, except that 
it shall not be considered to include a building, or portion thereof, in which the 
only motor vehicles kept are in transit or are kept temporarily during the day¬ 
light hours only for changing of tires or batteries, or are unused motor vehicles 
temporarily in storage and containing no inflammable fuel. (S.) ... a build¬ 
ing or portion thereof in which a motor vehicle containing gasoline, distillate 
or other volatile, inflammable liquid in its tank, is stored, repaired, used or 
kept. (P. C.) 

Grade. . . . the surface of the ground, court, lawn or sidewalks adjoining 
a building. The “ established grade ” is the level of the street curb as 
fixed by the municipality. (P ) The established sidewalk level at the 
building line of any street, or if the building be not built on the building line 
of a street, then the exposed surface of the earth adjoining any wall shall be 
taken to be the grade for that wall. (St. L ) Established Grade, . . . the 
sidewalk or alley elevation along the property-line as established by public 
improvements. (S.) Natural Grade, . . . the undisturbed natural surface 
of the ground. (S ) (1) ... for buildings adjoining one street only, the ele¬ 

vation of the sidewalk at the center of that wall adjoining the street. (2) . . . 
for buildings adjoining more than one street, the average of the elevations 
of the sidewalk at cent< rs of all walls adjoining streets. (3) . . . for buildings 
having no wall adjoining the street, the average level of the ground (finished 
surface) adjacent to the exterior walls of the building. All walls approxi¬ 
mately parallel to and not more than five feet from a street-line are to be con¬ 
sidered as adjoining a street. (P. C.) 

Ground Floor. (See First Story.) . . . the floor at or near the level of the 
grade when used for public purposes. (D.) 

Height of Building, (a) . . . the vertical distance of the highest point of the 
roof, in the case of flat roofs; and for high-pitched roofs, the average of the 
height of the gable above the mean grade of the curbs of all the streets, or 
the mean grade of the natural ground adjoining the building if the said grade 
or ground is not below the grade of the curb, (b) . . . the number of stories 
in a building, including the basement, but not including the cellar. (P.) 

Hospital. . .. any building for housing sick persons, including maternity 
hospitals, sanitariums, etc. (S.) Hospital or Sanitarium, ... a building 
used for the keeping and care of sick, invalid and infirm people, and having 
accommodation for more than five such people. (S. p.) Hospital, Sana* 
torium, Sanitarium or Asylum, ... a building in which sick, demented, in* 
jured, infirm, aged or orphaned persons are housed or intended * be housed 
(L. A.) 
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Hotel. ... a building in which is conducted the business of lodging the 
public and which is occupied by more than six guests or lodgers. (S.) 
... a building or part thereof intended, desighed or used for supplying food 
and shelter to residents or guests and having a general public dining-room or 
cafe, or both, and containing more than fifteen guests' rooms. (S. F.) 

Lodging-House. ... a building containing more than fifteen rooms in 
which persons are or may be accommodated with sleeping apartments for 
hire, by the day, week or month. (S. F.) 

Lot. ... a subdivision of a block, as shown by a recorded plot of an 
addition to, or subdivision of, the City, or any portion of land, whether 
plotted or unplotted, considered as a unit of property and described by metes 
and bounds; if one or more lots are built upon as a unit of property, they shall, 
for the purpose of this ordinance, be considered as a single lot. (S.) 

Masonry. . . . brick, stone, tile or terra-cotta laid in mortar or concrete. 
(S.) . . . shall apply to brick, stone, interlocking hollow tiles, concrete or 

reinforced-concrete construction. (S. F.) ... includes such parts of a 

structure as are constructed with stone, bricks of burnt clay, cement, or a 
sand lime, hollow blocks of burnt clay or concrete, and stone or cinder con¬ 
crete, both plain and reinforced work. (B.) ... means brick, stone or 

concrete. (L. A) 

Motion-Picture Theater. (See Theater .) . . . any public hall or room in 

which motion pictures are displayed, in which the seating capacity does not 
exceed six hundred persons and in which there is no stage or scenery. (N. Y.) 

Office-Building. ... a building divided into rooms, intended and used for 
office purposes, and no part of which shall be used for living purposes, except 
by the janitor Und his family. (S. F.) 

Owner. . . . any person having title to, or control as guardian or trustee 
of, a building or property. (S.) . . . includes his duly authorized agent or 

attorney, a purchaser, devisee, and any person entitled to an interest in the 
property in question. (N. Y.) 

Oriel Window. (See Bay-Window.) ... a window that projects from 
the main line of an enclosing wall of a building and is carried on brackets or 
corbels. (P. C.) 

Panel. (See Bay.) 

Pent-House. . . . any structure erected on the roof of a building for the 
purpose of enclosing stairways to the roof, elevator machinery, water tanks, 
ventilating apparatus, exhaust chambers or other building equipment 
machinery. (P.) ... a room constructed above the roof of a building and 

used exclusively to give head room above a stair, to house elevator machinery, 
or provide working space above the elevator sheaves. (S.) 

Public Hall. ... a corridor or passageway used in common by all of the 
occupants of a building. (S.) ... a hall, corridor or passageway not within 

an apartment. (C.) ... a room for public assemblages, not including a 
theater, having a total seating capacity of one hundred or more persons. 
(L. A.) 

Repairs. .. . the reconstruction or renewal of any existing part of a 
building, or of its fixtures or appurtenances, by which the strength of the 
fire risk is not affected or modified. (S. F.) ... the reconstruction or 
renewal of any existing part of a building, or of its fixtures or appurtenances. 
(L A.) 
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Shaft. . . . includes exterior and interior shafts, whether for air, light, 
elevator, dumb-waiter or any other purpose; a “ vent-shaft ” is one used 
solely to ventilate or light a water-closet compartment, bath-room or pantry. 
(C.) ... in a building is any open space other than a court, extending 

through the building for two or more stories, exterior or interior, whether for 
light, air, elevator, dumb-waiter or any other purposes. A vent-shaft is one 
used solely to ventilate or light, or both, a water-closet compartment or bath¬ 
room. (S. F.) 

Stair-Hall. . . . the stairs, stair landings and those portions of the public 
halls through which it is necessary to pass in getting from the entrance floor 
to the top story. (C.) ... the stairs, stair landings, hallways or passages 

through which it is customary to pass in going from the entrance to the 
roof. (S. F.) 

Stores. The term “ stores ” shall include every building used for the sale 
of goods, wares and merchandise. (D.) A “ store building ” is a building 
used wholly or in part for the purposes of exhibiting for sale goods, wares or 
merchandise. (L. A.) 

Story, (a) . . . that portion of any building included between the upper 
surface of any floor and the upper surface of the floor next above. ( b ) A 
“ half-story ” is that part of any building wholly or partly within the roof 
framing; finished and inhabited. (P.) . . . that portion of a building 

included between the surface of any floor and the surface of the next floor 
above it, or if there be no floor above it, then the space between such floor 
and the ceiling next above it. (St. L.) ... that portion of a building 
included between the upper surface of the floor next above, except that the 
topmost story shall be that portion of a building included between the upper 
surface of the topmost floor and the ceiling or roof above. A basement or 
cellar shall not be considered a story unless the ceiling thereof is more than 
five feet above grade. (P. C ) ... that part of a building between the top 

of any floor level and the top of the floor or roof level next above. (B.) 

. . . that part of any building comprised between any floor and the floor or 
roof next above. (N. Y.) ... that portion of a building between the top 

of any floor-beams and the top of the floor or ceiling-beams next above. (C.) 
A “ story and a half building ” shall be taken to mean a building that is more 
than one story in height and less than two stories in height, wherein any por¬ 
tion of the space above the first-story ceiling is used or intended to be used 
or occupied for storage, living or sleeping purposes. (L. A.) 

Tenement-House. (See Apartment-House.) 

Theater. ... a building which contains seats for the public, and to which 
an admission fee is charged, and in which movable scenery is used. (S. F.) 
... a room, hall, or auditorium having a stage either with or without scenery, 
used or designed to be used for the public entertainment of persons, and 
adapted to the presentation of plays, operas, spectacles, or similar forms of 
entertainment. (L. A.) 

Walls. (See under various kinds of walls.) 

Wall, Bearing. ... a wall which supports any vertical load other than its 
own weight. (P.) ... a wall on which Joists, beams, girders and trusses of 

floor or roof-construction rest. (D.) ... a wall designed to carry, in addi¬ 

tion to its own weight, some portion of the roof or floors of a building. (S.) 
... a wall which supports any load other than its own weight. (P. C.) 

♦.. any wall carrying all or part of the interior load of a building. (S. F.) 

.. . a wall carrvir* a portion of the interior load of a building. (L. A.) 
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Wall, Curtain. ... a non-bearing wall between columns and/or piers and 
which is not supported by girders or beams. (P.) . . . the non-bearing and 

enclosing wall of an iron or steel, or reinforced-concrete skeleton frame, or 
the non-bearing portion of an enclosing wall between piers. (D.) ... an 

enclosing wall built and supported between columns or piers, and on girders 
or other support, and sustaining no weight but its own. (St. L.) ... a non¬ 

bearing wall built between columns and extending through two or more 
stories without intermediate support. (S.) ... a non-bearing wall between 

columns or piers which is not supported by girders or beams. (P. C.) ... any 
wall supported at intervals on the frame of a building, or a wall which is self- 
supporting only on the exterior of a building. (S. F.) 

Wall, Division. ... a bearing wall running between two exterior walls 
subdividing building into several parts (D.) ... a masonry wall entirely 

dividing or separating one building trom another. (St. L.) ... an interior 

wall dividing a building or extending from the ground to and through the 
roof. (S.) . . . any wall other than an exterior wall, or a party wall, which 

extends the full height of a building and through the roof, and such walls shall 
be constructed in all respects as provided for party walls. Such walls may 
be bearing walls or self-supporting only. (S. F.) ... any wall, other than 

an exterior wall or a party wall which extends the full height of the building 
and through the roof. (L. A.) 

Wall, Exterior. . . . any outside wall which'serves as a vertical enclosure 
of a building, including a party wall when not used in common. (P.) 

. . . every outer wall or vertical enclosure of a building. (S. F.) ... every 

outer wall or vertical enclosure of a building other than a party wall. (L, A.) 

Wall, Fire. ... a wall of solid masonry or reinforced concrete which sub¬ 
divides a building to restrict the spread of fire and which starts at the founda¬ 
tions and extends continuously through all stories to and above the roof. (P.) 
... a division-wall which extends through and at least eighteen inches above 
the roof and in which all openings are protected by fire-doors. Also any 
division or partition-wall dividing spaces into limited areas for fire-protection 
purposes. (D.) ... is a wall of masonry or reinforced concrete which sub¬ 

divides a building to prevent the spread of fire by starting at the foundation 
and extending continuously through all stories to and above the roof. (P C.) 

. . . shall apply to all walls built for the purpose of fire-resistance. The term 
also applies to that portion of walls above roof-surface. (S. F.) ... is that 

part of a masonry or reinforced concrete wall extending above the roof, imme- 
ately adjoining such wall. (L. A.) 

Wall, Fire Division. ... a wall of solid masonry or reinforced concrete 
which subdivides a building to restrict the spread of fire, but is not necessarily 
continuous through all stories nor extended through the roof. (P.) 

Wall, Foundation. . . . that portion of an enclosing wall below the first 
tier of floor-joists or beams nearest to and above the grade-line, and that 
portion of any interior wall or pier below the basement or cellar-floor. (D.) 

. . . that part of a wall below the level of the street curb, or, if a wall below 
the level of the highest ground next to the wall, or, in the discretion of the com¬ 
missioner, that part or partition-wall below the cellar floor. (B.) 

Wall, Non-Bearing. (See Wall , Curtain.) ... a wall designed to carry 
only its own weight. (S.) 

Well, Partition. ... an interior non-bearing wall wholly supported at 
each story. (P.) . .. any wall running at any angle to the bearing-walls 



Architectural Terms as Defined in Various Building Codes 224? 

and subdividing the interior of a building into compartments. (D.) ... any 
interior wall of masonry. (St. L.) ... any interior wall other than a division- 
wall. (S. F.) ... an i iterior wall of masonry in a building. (B ) ... any 

interior wall in a building other than a division-wall. (L. A.) ... an interior 

subdivision-wall. If constructed of other material than masonry, the name 
or class of the structural material is usually prefixed. (D ) 

Wall, Party. ... a wall which, or portion of which, encroaches upon ground 
of an adjoining owner and is used jointly or adapted to joint use. (P.) 
... a wall that separates two or more buildings, and used or to be used jointly 
by separate buildings. (D.) ... a masonry wall used or built to be used for 

the common separation or support of adjoining buildings of separate owners. 
(St. L.) ... a wall used, or designed to be used, in common by two buildings. 
(S.) ... a wall used or adapted for joint service between two buildings. 
(P. C.) ... a wall used, or built to be used, in common by two or more 
buildings. (S. F.) ... a wall that separates two or more buildings, and is 

used or adapted for the use of more than one building. (B.) ... a wall 

used or erected to be used, in common as a structural wall by two or more 
adjoining buildings. (L. A.) 

Wall, Retaining. ... a wall used to resist the lateral thrust of any mate¬ 
rial. (P.) ... a sub-surface wall built to resist lateral pressure of the 

adjoining earth and to prevent its caving in. Also any enclosing wall built 
to resist the lateral pressure of internal loads. (D.) ... a wall subjected to 

lateral pressure. (S.) . . . shall apply to all walls constructed for the purpose 

of holding back or supporting earth. (S. F.) 

Wall, Spandrel. ... an exterior non-bearing wall in skeleton construc¬ 
tion built between columns or piers and wholly supported at each story. (P.) 

Wall, Thickness. . . . minimum thickness as given in this ordinance and 
measured on the bed. (D ) ... the minimum thickness . . . measured 
between any two floors, or between floor and ceiling or roof. (S. F ) ... the 
minimum thickness of such wall. (B.) ... means the minimum thickness 
of a wall between the floors and the ceiling or roof of a building. (L. A.) 

Warehouse. ... a building or portion thereof, used principally for the 
storage of merchandise. (S.) ... a building used exclusively for the storage 

of merchandise. (S. F ) ... a building used for the storage of goods, wares 
or merchandise. (L. A.) ... every building used for storage of goods, wares 
and merchandise. (D.) 

Yard. .. . an open, unoccupied space on the same lot with a tenement, 
rooming-house or dwelling, and which space extends in its full width or depth 
between opposite lot-lines. (P.) ... an open, unoccupied space on the 

same lot with a tenement-house for the full width of the lot. (St. L.) ... an 

open, unoccupied space, other than a court, unobstructed from the ground 
to the sky, except where specifically provided by this code, and on the lot on 
which a building is situated. (P. C.) ... an open, unoccupied space on 

the same lot with a tenement-house, separating every part of every building 
on the lot from the rear line of the lot. (C.) ... an open, unoccupied space 

on the same lot as the house, between the extreme rear line of the house and 
the rear line of the lot. (S. F.) 
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Abacus (Glossary), 2168 
Abbreviations of terms, 122, 123 
Absolute temperature, 1564 
Abutment piers, 320 
Abutments, 312, 319 
Abyssinia, architecture of, 2168 
Acetylene gas, 1776 

calorific value and weight, 1588 
Acoustics of buildings, 1858-1866 
sound absorption, 1863 
soundproofing, 1866-1873 
sound reduction, plaster partitions, 
1871 

by wood stud partitions, 1870, 1871 
Actinic glass, 1994 
“ Aero ” fire alarm system, 1099 
Aerocrete, 916, 1044 
concrete arches, 965 
Aerofin radiators, 1662, 1663 
Agate, 130 

specific gravity and weight, 1919 
Aggregates, absorption, 250 
cinders, 1115 

concrete, compression tests, 1113 

dangerous, 1115 

decantation tests, 1113 

free water carried by, 250 

Joint Code requirements, 1114, 1115 

lightweight, 1115 

organic impurity tests, 1112 

recommended proportions, 1233 

sieve analysis, 1113 

size of, 248 

standard sieves, 1113 

tests, 1112, 1113 

Agreement, standard A I. A., between 
contractor and owner, 2165-2167 
Air, amount required for combustion, 
1588 

changes taking place in buildings, 
1576 

conditioning, 1692, 1693 
distribution, 1574b 
leakage in heating, 1576 
properties of, 1568, 1569 
specific gravity and weight, 1919 
Air-compressor, water supply, 1734 
Air-conditioning, 1693 


Air-ducts, 1671-1676 (see also Ducts) 
Air Lift Pump system, 1734, 1735 
Akron, O., building code, loads on foun¬ 
dation-beds, 143 

office-building assumed load, 151 
Alabaster, 131 

carbonate, specific gravity and weight, 
1919 

Alcohol, specific gravity and weight, 
1919 

Alder, specific gravity and weight, 1919 
Alipterion (Glossary), 2169 
Almonry (Glossary), 2169 
Alteration, defined, 2239 
Alternating electrical current, 1838 
Alum, specific gravity and weight, 1919 
Alumina cement, 244 
Aluminum, specific gravity and weight, 
1919 

Amalgam, specific gravity and weight, 
1919 

Amber, specific gravity and weight, 
1919 

Ambergris, specific gravity and weight, 
1919 

Ambo (Glossary), 2169 
Amboy (Glossary), 2169 
American Bridge Co., steel column 
stresses, 513-515 

American clip-on partition system, 1056 
American hand-ball court, dimensions, 
2084 

American Institute of Architects, 2ISO- 

2167 

canons of ethics, 2151 
charges, 2151 
competitions, 2167 
documents, 2150 
professional practice, 2151 
schedule of charges, 2151 
standard documents, 2150 
American Institute of Steel Construc¬ 
tion, steel column stresses, 513— 
515 

lattice column specifications, 518 
American Screw Co.’s wire gauge, 437 
American Steel and Wire Co.’s wire 
gauge, 436, 437, 1931 
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Ammonia, specific gravity and weight, 
1919 

Ampere, 1832 

Amphiprostylos (Glossary), 2170 
Anchors, for joists and girders, 888 
Ancient measures and weights, 34 
Aneroid barometer, 1562 
Angles, gauge dimensions, 1461 
properties of, 263-265 
safe loads, 434 
steel, load tables, 612, 613 

standard specifications, 1528, 1529 
tension members, 420, 434 
used as steel beams, load tables, 612, 
613 

Angles in geometry, 36 

bisected, 69 

measure, two-foot rule, 68 
Angles of repose, 265 
Angular measure, 30-68 
Anhydrite, 131 
Annealing rivets, 417, 449 
Anthracite ashes, angle of repose, 265 
weight, 265 

Anthracite cinders, 1115 
Anthracite coal, combustibles, 1587 
Anti-glare glass, 1994 
Antimony, specific gravity and weight, 
1919 

Apartment and apartment-houses, de¬ 
fined, 2239 
elevators, 1494 
live floor-loads, 1515 
reinforced concrete, 1108 
safe floor-loads, 149, 1515 
Apatite, 131 

Apophyge (Glossary), 2170 
Apostles and Saints, symbols, 2149 
Apotb ecanes* weights, 29 
Apple-tree wood, hardness, 1972 
specific gravity and weight, 1919 
Apteral (Glossary), 2171 
Arabian architecture, 2171 
Araeostyle (Glossary), 2171 
Aragonite, 131 

Arbitration, contract form, 2163 
Arbitration-bar, cast iron, tests, 415 
Arc, arcs, circular, 38, 69, 70 
lengths, 54 
light, 1786 

Arch, arches, abutments, 319 
aerocrete, 965 
angle of friction, 324, 325 
back or extrados, 319 
brick, 320 

center of pressure, 325 

centers, 322 

crown, 319 

cut stone, 324 

depth of keystone, 323, 324 

elliptical, 320 


Arch, extrados, or back, 319 
failure of, 325, 326 
floor, 950-964 
brick, 950, 951 

clay-tile, safe loads, segmental 
arches, 957 

fire-resistive, short-span flat, 965 
flat-end construction, 958 
Guastavino tile, 961 
Natco “ New York ” reinforced 
tile, 960 

reinforced tile, 959 
segmental concrete, 963 
structural clay-tile, 951 
forms of, 320 
haunches, 319 
intrados, or soffit, 319 
keystone, 322-324 
line, of fracture, 330 
of pressure, 325, 326 
of resistance, 325, 326 
load, actual, masonry, 332 
masonry, 319-335 
middle-third, principle of, 263, 325 
segmental, 321 
semicircular, 331, 335 
semielliptical, 335 
soffit, or intrados, 319 
spandrels, 319 
springs, 319 

stability, determination of, 325 
graphical method, 326 
strength, 320 
three-centered, 320 
thrust, 326, 335 
unloaded, 325 
voussoirs, 325, 326 

Arched roofs, timber constructon, 
1276-1280 

Architects, canons of ethics, 2151, 2152 
certificates, 2159 
charges, 2151 
competitions, 2167 
drawings, 2151, 2154, 2155 
estimates, 2152 

professional practice, 2151, 2152 
specifications, 2151-2155 
status and decisions, 2163 
superintendence, 2156 
tile (see Ar-ke-tex tile) 

Architectural acoustics, 1858-1866- 
Architectural competitions, A. I. A. 
Code, 2167 

Architectural engineering terms, 124-127 
Architectural shades and shadows (see 
Shades and Shadows) 
Architectural terms, as defined by vari¬ 
ous building codes, 2239-2247 
(see, also, Glossary, 2168-2238) 
Architecture, of different countries (see 
Glossary) 
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Architecture, classical orders of, 2109- 
2119 

Area, areas, adjacent isolated, in founda¬ 
tions, 164 

geometrical figures, 38-54, 59-61 
of circles, tables, 42-54 
of rods and bars, 1111 
of support for foundations, 162 
unit of, 1561 

Argillaceous rock, 131, 132 
Arithmetic, practical, 3-24 
Ar-ke-tex tile, 1083 
Armco ingot iron, 1058 
Armored cables, electrical wiring, 1852 
Armories, illumination, 1808 
structural steel data, 1526 
22d Reg , New York City, roof truss, 
1298 

University of Illinois, roof truss, 1290, 
1291, 1292 

Arsenic, specific gravity and weight, 
1919 

Art Galleries, illumination, 1808 
Asbestos, building lumber, 923 
corrugated sheathing, 923 
products, 922 
roofing shingles, 923 
sheathing paper, specific gravity and 
weight, 1919, 1981 
specific gravity and weight, 1919 
theater curtains, 922 
wall board, 923 
Ash, hardness, 1972 
weight, 1973 

white, specific gravity and weight, 
1919 

Ashes, angle of repose, 265 

specific gravity and weight, 1919 
Ashlar, masonry, weight, 1117 
Asia Minor, architecture of, 2172 
Asphalt, floors and pavements, 2024 
specific gravity, 1919 
waterproof coatings, 2126 
waterproof linings, 2128, 2129 
weight, 1919 

Asphalt-gravel Roofing, 2010, 2011 
Asphalt-mastic flooring, 1078 
Asphalt pavements, 2024 
Asphaltum, data, 2023, 2024 

specific gravity and weight, 1919 
Assembly places, live loads, 1118 
Assembly rooms, live floor-loads, 834, 
1515 

ventilation, 1688, 1691 
Asylums, height limit, non-fireproof, 907 
Asymptote (Glossary) 2172 
Athletic fields and courts, 2072-2088 
Atlanta Building Code, loads on foun¬ 
dation-beds, 143 

office-building assumed loads, 151 
Atlmta, Ga., rainfall intensity, 1750 


Atwater colorimetric fuel determination. 
1587 

Auditorium, acoustics of, 1864-1866 
illumination, 1808 
roof, 1010 

Augers, foundation-bed testing, 144 
Augite, 130 

Australia, architecture of, 2173 
Austrian States, architecture of, 2173 
Automatic fire-alarm systems, 1099 
Automatic sprinklers, mill construction 
897 

Automobile, dimensions, 2057 
showrooms, illumination, 1808 
Avoirdupois weights, 28 
Axil force, 410 
Axis, conjugate, 38 
transverse, 38 
Aztec architecture, 2173 

Back-water trap, 1753 
Badminton court, dimensions, 2088 
Balancing tank, 1768 
Balcony, truss support for, 1356 
Baldachin (Glossary), 2174 
Ballast, brick, gravel, specific gravity 
and weight, 1919 
Balloon framing, 722 
(Glossary), 2174 
Balsam (fir), stresses, 841 
Baltimore, Md., school building costs, 
2037 

Baltimore truss, 1353, 1354 
Bamboo,specific gravity and weight, 1919 
Band of column (Glossary), 2174 
Bank, illumination, 1808 
Baptistry (Glossary), 2174 
Bar metal, brass, weight per sq. ft., 1929 
copper, weight per sq. ft., 1929 
lead, weight per sq. ft., 1929 
Barber shop, illumination, 1808 
Barbican (Glossary), 2174 
Barium, specific gravity and weight, 1919 
Barometer, 1563 
Barometric pressure, 1563 
Barrel, dimensions, 2059 
Barrel vault, 1288, 1289, 1548, 1549 
Barrett roof, specifications, 2007-2008 
Bars, brass, weight, 1929 
copper, weight, 1929 
iron, standard classifications, 1528 
lead, weight, 1929 
steel, areas, 1932-1938 
circumferences, 1932 
deformed, 1110 
lacing, 420 
lattice, 518 

reinforcing, 1110, 1111, 1190 
safe loads, 423-427 
standard classifications, 1528 
weights, 1932-1938 
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8arytes f specific gravity and weight, 
1919 
Basalt, 131 

specific gravity and weight, 1919 
Base, bases, cast-iron column, 525 
column (Glossary), 2174 
mill construction, 856 
pressure, 476 

square ribbed, weight, 1942 
steel columns, 525 
Baseball field, dimensions, 2073 
Basement, definition, 2174 
walls, 234 

concrete, 1216-1219 
materials for, 235 
Base-plates, 475 

Basket-ball court, dimensions, 2081, 
2082 

illumination, 1808 
Basse-cour (Glossary), 2175 
Basso-rilievo (Glossary), 2175 
Bath-rooms, heating temperature, 1570 
Bath-tubs, dimensions, 2057 
Batter (Glossary), 2157 
Battledeck floor construction, 989 
Battlement (Glossary), 2175 
Bay window (Glossary), 2175 
Beam, beams (see, also, Girders) 
angles used as, load tables, 612, 613 
bar supporters and separators, 1228 
bearing-plate areas, 475-479 
bending moments, 339, 582, 585, 1129 
bending stresses, 585, 587-589 
Bethlehem, 376-384, 593 
cantilever, 339, 670 
Carnegie, 593 
ceiling design of, 1432 
channels (see Channels) 
comparison, freely supported and 
restrained, 676, 677 
compound, 633, 634 
mill construction, 859 
concrete, reinforced, 1142 
Waite’s, 981 

connection tables, 608-611 
constants and coefficients, 752, 753 
continuous, 669-691 
deflection, 690, 691 
Fidler graphical method, 686 
graphical methods, shears and 
moments, 686, 687 
homology diagram, 686 
moment and shear coefficient, 682 
outer ends of span restrained, 682 
shears, and moments, 677 
variable moment of inertia, 685 
deflection of, 591, 592, 642-667 
elastic curve, 642 
factor of safety, 584 
failure of, 584, 585 

in different materials, 585 


Beam, fiber-stresses, 583 
fixed, definition, 668 
flekure, 339, 583, 584 
formula, 586 

for reinforced concrete, 1123 
freely supported, deflection, 677 
H beams (see H beams) 

Hooke’s Law, 584 
I beams (see I beams) 
inflection point, 66S 
Jones and Laughlin’s Junior, 593 
Junior, 593, 972, 976 
moment of inertia, 977 
radius of gyration, 977 
section-modulus, 977 
keyed compound, 633, 634 
material of, 584 
mill-construction, 874 
modulus of rupture, 586 
moment of resistance, 582 
neutral axis, 584 

one span restrained at one end only, 
691 

overhanging, 669 
Phoenix, 407 
properties of, 607-631 
rectangular, design, 1142-1148 
reinforced concrete, anchorage of 
reinforcement, 1138 
bending moments, 1129 
compression reinforcement, 1155 
design of, 1142 
external shears, 1139-1142 
formulas for bond, 1139 
formulas for T beams, 1125 
spacing of reinforcement, 1143 
restrained, definition, 668 
deflections, 670 
formulas, 670-676 
general considerations, 669 
maximum bending moments, 676 
moments, 670 
shear, 670 

strength and stiffness, 668 
rolled sections, comparative data, 59-^ 
section-modulus, 582, 586 
separators, 1228 
shear, 187 

shearing failure, 591 
shearing stresses, 589-591 
diagonal web, 590 
inclined web, 590 
longitudinal web, 590 
simple, 336 

single, mill-construction, 859 
steel, approximate deflections, 646 
Bethlehem, 593 
Bethlehem girder, 593 
buckling of web, 595 
Carnegie, 593 

coefficients of deflection, 645 
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Beam, steel, comparative data on rolled 
sections, 594 

connections, tables, 608-611 
data tables, 614-631 
definitions, 582 
deflection of, 644, 646 
lateral deflection, 648 
laterally unsupported flanges, 606, 
607 

loads, 582 

maximum working units tresses, 648 
Phoenix, 407 
ratios of deflections, 646 
rolled, 592-594 
span limits, 645, 646 
strength tables, 599-606 
stress, maximum working units, 
648 

thrust of floor arches, 649 
uniform load and span tables, 
614-631 
unit stress, 648 
web buckling, 595 
stiffeners, 588, 642-667 
deflection, 642-667 
stiffness factor, 643 
strength and stiffness, 668-694 
stresses, bearing, 590 
bearing stiffeners, 591 
bending, 585 
compressive, 583 
elastic limit, 584 
fiber, 583 

proportional limit, 584 
shearing, 589-591 
tensile, 583 
yield-point, 584 
structural, light weight, 972 
T-beams, 1125 
T-beam formulas, 1125 
theoretical bending-moments dia¬ 
grams, 1130-1133 
theoretical shear diagrams, 1141 
three-moment theorem, 677 
Waite’s concrete, 981 
wooden, or timber, 632-641 
allowable unit stresses, 650 
bearing length, 759 
buckling, 742 
cedar, 762-764, 766 
coefficient values, 752, 753 
compound, 632 

conversion factors table, for actual 
sizes, 761 
cylindrical, 759 
cypress, 767, 770 

deflection coefficients, 654 
deflection coefficient, 654 
deflection of, 651-667, 742 
formula, 760 

by moment area method, 656 


Beam, wooden, depended, 632 

Douglas fir, 636, 637, 651, 752, 769, 
773, 775 

eastern hemlock, 651, 765, 768 
equivalent distributed load, 756 
fiber-stresses, 742 
flexural strength, 753 
formulas, 753-758, 760 
Hitched, 636, 637 

graphical method, determining de¬ 
flection, 661 

Hankinson’s formula, 639 
hemlock, 752, 765, 767, 768, 770 
horizontal shear, 650 
keyed, 633-636 
lateral deflection, 651 
modulus of elasticity, 652 
northern white pine, 651 
Norway pine, 651, 765, 768 
oak, red and white, 651, 752, 768, 
771 

pine, 651, 752, 763, 765, 766, 768 
redwood, 651, 752, 767, 769, 774 
safe distributed loads, 772 
safe distributed loads, Douglas fir. 
773, 775, 769 
eastern hemlock, 765, 768 
Norway pine, 765, 768 
oak, 768, 771 
red cedar, 763, 766 
redwood, 767, 769, 774 
southern cypress, 767, 770 
southern yellow pine, 769, 773, 
775 

spruce, 765, 768 
west coast hemlock, 767, 770 
western soft pine, 763, 766 
white cedar, 762, 764 
section-modulus, 753 
sections, 742 
shear formula, 760 
southern cypress, 651, 767, 770 
southern yellow pine, 636, 651, 769, 
773, 775 

spruce, red and white, 651, 752,765, 
768 

strength and stiffness, tables, 759 
strength of, compound, 632 
stresses, 635, 650 
loads, notes on, 761 
strut, 757 
tie-beams, 757 
trussed, 636-641 
formulas, 637-641 
western hemlock, 651, 767, 770 
western yellow pine, 651, 763, 766 
white and red oak, 651, 768, 771 
white cedar, 762, 764 
white fir, 651 
wrapping, 943 

Beam-boxes, mill-construction, 858 
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Bearing block, truss, 1443 
Bearing-brackets, on cast-iron columns, 
480-432 

Bearing-plates, 475-480 
loads, 477 
pressure, 476 
thickness, 478 
Beaufet (Glossary), 2176 
Bedstead, dimensions of, 2056 
Beech, flooring, 1074 
hardness, 1972 

SDecific gravity and weight, 1919 
Beer, specific gravity ana weight, 1919 
Beeswax, specific gravity and weight, 
1919 

Eelgium, architecture of, 2176 
Bells, church, dimensions and weights, 
2147 

dimensions and weights, 2147, 2148 
largest in the world, 2148 
mountings, 2147 
school, 2147 

Belts, belting and shafting, data, 860, 
2142-2144 
notes on, 2142, 2143 
rubber, 2144 

rules for finding lengths of, 2114 
Belts and Pulleys, arrangement of, 
2143, 2144 

Belvedere (Glossary), 2176 
Bema (Glossary), 2177 
Bending factors, 350 
Bending moments, beam formulas, 345 
beams, 336-345 

bolts in wooden construction, 466, 467 
diagram for beams and girders, 338- 
345 

footings, 175-179 
pins, 458-464 

Benzine,spccificgravityand weight, 1919 
Berloy, standard studs, 1051, 1052 
Bessemer steel, 415 
Bestwall, 1055 

Bethlehem, beams and girders, 593 
columns, 547-557 
joists, 593 

steel joists, properties of, 408 
Beveled siding, 1974 
Bezantee (Glossary), 2177 
Biflex, metal lath, 1066 
Billiard-room, illumination, 1808 
Billiard table, dimensions, 2057 
Bin, coal, capacities, 1589 
Binghamton, N« Y., school building 
costs, 2037 

Birchwood, hardness, 1972 

specific gravity and weight, 1919 
Birmingham wire gauge, 436, 437 
Bismarck, S. D., rainfall intensity, 1750 
Bismuth, specific gravity and weight, 
1919 


Bitumen, data, 2023, 2024 
Bituminous cinders, angle of repose, 265 
weight, 265 

Bituminous sandstone, 2024 
Bituminous waterproof coatings, 2126 
Black Birch, hardness, 1972 
Blackboards, heights in schoolrooms, 
2060 

Black walnut, hardness, 1972 
Blast-furnace slag, 1115 
Blawsteel deck construction, 1016 
Block chain, 445 

Blood, specific gravity and weight, 1919 
Blue, wave-length, 1783 
Bluestone flagging, compression, 296 
tension, 296 
Board, insulating, 1979 

measure, tables, 1975-1977 
wall (see Wall Board) 

Boiler, efficiencies, 1590 
fuel bed depth, 1593 
fuel consumption, 1594, 1595 
grate surface, 1592-1595 
heating surface, 1589 
horsepower, 1582, 1590 
hot water and steam, 1589-1601 
incrustation of, 1766, 1767 
rates of combustion for, 1590 
ratings of, 1591 

smokeless cast iron and steel, 1596 
steam and hot water, 1589-1601 
types of, 1595-1598 

Boner shop, heating temperature, 1570 
structural steel data, 1526 
Bolt, bolts, 1427 

anchoring, bearing strength, 464, 465 
bending moment, 466 
bending stresses, 1427, 1428 
brackets, 467, 468 
drift, 1426 
expansion, 1952 
foot of rafters, 472 
girders, 467 
pins in trusses, 469 
safe bearing in timber, 465 
shearing value, 447, 466 
steel, table, 466 
strap joints in trusses, 471 
strength, in girders, 464 
in wood trusses, 464 
tension, 466 
tie-pieces, 465 
wrought iron, table, 466 
Bond, brick piers, 278 
brickwork, 278 

Bonds, guarantee, standard form, 2160 
Bone, specific gravity and weight, 1919 
Boneblack, 1986 
Book-stack data, 2107, 2108 
book capacities, 2109 
lighting, 2107 
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Book-stack data, weight, 2108 
Book tile, 1007 

Borax, specific gravity and weight, 1919 
Boston, Mass., building code, allowable 
loads, office-buildings, 151 
allowable pressure, various mate¬ 
rials, 277 

wood framing, 751 
allowable stresses, cast-iron col¬ 
umns, 500 

brick-wall thicknesses, 237, 238 
column formulas, 492 
loads on foundation-beds, 143 
steel column stresses, 513-515 
rainfall intensity, 1750 
school building costs, 2037 
Boston Manufacturers’ Mutual In¬ 
surance Co., standard type mill- 
construction, 856 
Bostwick loop lath, 1059 
Boulders, 134, 136 
beds, 134 

Boutell (Glossary), 2177 
Bowling Alley, dimensions, 2058, 2059 
illumination, 1808 
Bow window (Glossary), 2177 
Box anchors, 888 
Box girders, 695-716 
buckling, 695 
cover-plates, 699, 700 
definitions, 695 
flanges, 698-702 
general considerations, 695-716 
method of design, 702, 703 
section-modulus table, 709-716 
web, 696 , 697 

web plate, shearing value, 708 
Boxing ring, dimensions, 2085, 2086 
Boxwood, specific gravity and weight, 
1919, 1920 
Bracing, 1519 
Brackets, bearing, 480-482 
terra cotta, 290 
Brads, 1947 

Brass, specific gravity and weight, 1920 
bar metal, weight, 1929 
pipe, expansion of, 1772 
sheet, weight per sq. ft., 1928 
Brass Bars, weight per sq. ft, 1929 
Brass nails, 1948 
Breast-walls, 271, 272 
Bressummer (Glossary), 2178 
Breichaurd underpinning method, 231 
Brick, brickwork, arches, laying, 320, 
321 

bond, effect on strength, 278 
building-code thickness requirements, 
237-238 

compressive strength, 275, 277, 280- 
284, 295 

compressive tests, 279 


Brick, concrete building, 919 
conductivity, 1574a 
crushing height, 279 
crushing strength, 274-286, 295 
data on, 1956-1963 
fire, 1958 

fire-resistive properties, 911 
glazed and enameled, 1961 
grades, 911 
lime-mortar, 1959 
mortar, 285, 286 
paving, 1958 
piers, 276, 277 

compressive-strength tables, 280- 
284 

safe loads, 275 
safe strength, 276, 277 
size and weight, 1957 
specific gravity, 1920 
strength, 274, 276, 277, 280-284 
walls, safe loads, 275 
weight, 1920, 1957 
sand-lime, 1959 
sizes of, 911 
vibration in, 1873 

walls, coefficients of transmission 1573 
building-code thickness require¬ 
ment, 237, 238 

materials and labor required, 1962 
sound absorption, 1863 
waterproof linings, 2128, 2129 
Brick ballast, specific gravity and 
weight, 1919 
Brick fireproofing, 934 
Brick fire-towers, 860, 861, 864, 874 
Brick floor-arches, 950, 951 
Brick footings, 234 
Brickwork, specific gravity, 1920 
weight, 1117, 1920 
Bridging, 852 

British imperial wire gauge, 437, 1927 
British thermal unit, 33, 1564, 2097 
Bromine, specific gravity and weight, 
1920 

Bronze, specific gravity and weight, 
1920 

Brooklyn, N. Y. f school building costs, 
2037 

Brown & Sharpe wire gauge, 437, 1842, 
1845, 1927-1930 
Btu (see British Thermal Unit) 

Buffalo, N. Y., building code, allowable 
office-building loads, 151 
Buffers, elevators, oil, 1504 
spring, 1504 

Building-code live-load requirements, 
various cities, 834 

various requirements, various cities, 
143, 151-153, 237, 238, 834, 903- 
907 

Building felts, data, 1978-1981 
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Building laws, comparison of, 277 
loads on masonry, 301 
Building materials, fire-resistive, 909 
weights, tables, 1117 
Building papers, data, 1978-1981 
rosin si/ed, 1979 

Building quilts and insulators, data, 
1978-1981 

Building stones, crushing strength, 290 
data, 296 

Buildings, depreciation, 2052-2054 
monolithic, exterior finishes, 1249 
vibration in, 1873 
Bureaus, dimensions, 2056 
Bureau of Standards, classifications, 
1024-1027 

bearing-wall assemblies, hollow clay- 
tile, 1026 

combination wall assemblies, hollow 
clay-tile, 1027 

wall assemblies, common clay-brick, 
1024 

concrete and sand lime-brick, 1025 
Burson partitions, 1055 
Butter, specific gravity and weight, 1920 
Butternut-tree, hardness, 1972 
specific gravity and weight, 1920 
Buttress (Glossary), 2178 
center of gravity, 314 
line of resistance, 314 
stability, 311-318 
Byzantine architecture, 2179 

Cables, 442 

carrying capacities, 1845 
electrical wiring, 1852 
flexible armored, 1852 
measure, 25 

non-metallic sheathed, 1852 
Cabling (Glossary), 2179 
Cabot’s sheathing quilt, 1979 
Cadmium, specific gravity and weight, 
1920 

Caduceus (Glossary), 2179 
41 Caen-Tile,” 1083 
Caisson (Glossary), 2179 
Caisson-piers, height of, 220 
Caissons, 215-224 

details of sinking and filling, 219 
excavation, open method, 215 
Cal, 1116 

Calcareous minerals, 130, 131 
Calcite, 131 

specific gravity and weight, 1920 
Calcium, specific gravity and weight, 
1920 

Calender, old and new, 30 
Calibration, 1564 
California ptta-hammer, 208 
Calorific values, gases, 1588 
£alorimetry, 1564 


Camber (Glossary), 2179 
Cambered tjuss, 1263,1269 
Camel-back truss, 1356 
Camphor, specific gravity and weight, 
1920 

Canada, architecture of, 2179 
Candle-power, 1783 
Canopies, 1992 

Cantilever, beams, 339, 583, 670 
compound footings, 181 
exterior walls, 171 
footings, 1209-1212 
foundations, 168-172 
Cantilever beams, 339, 583, 670 
moments, 670 
Cantilever buildings, 2134 
Cantilever footings, 1209-1213 
Cantilever foundations, 168-172 
Cantilever roof-construction, 1295-1303 
Canvas roofing, 897 

Caoutchouc, specific gravity and weight, 
1920 

Cap, caps, cast-iron column, 858 
wooden column, 858, 859 
Cap and pintle, cast-iron, 858, 859 
Cap-plates, 858, 859, 891-896 
Capital (Glossary), 2180 
Car, capacities, 2058 
illumination, 1808 
railroad, dimensions, 2058 
street and trolley, dimensions, 2058 
Car-barns, structural steel data, 1526 
Carbon, in iron, 413 
Carbon disulphide, specific gravity and 
weight, 1920 

Carbon monoxide, calorific value and 
weight, 1588 

Carnegie, mill section beams, 406 
Carnegie shapes (see Beams, Columns, 

etc.) 

Carnegie steel sheet piling, 209 
Carpenter’s rule, calculating heat loss, 
1579 

Carpenter’s work, data on lumber and 
work, 1972-1978 

Carthage, N. Y., school building costs, 
2037 

Cartouche (Glossary), 2180 
Caryatides (Glossary), 2180 
Casement windows, heavy type fire, 
1096 

Cast glass tiles, 2022 
Castings, cast-iron, 414 
shrinkage, 1939 

specifications for cast-iron, 414 
structural, painting, 1985, 1986 
weights, 1939 
Cast iron, 413 
appearance, 414 

castings, 414 (see also Castings) 
shrinkage, 1939 
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Cast iron, column bases, weight, 1942 
columns (see Columns) 
crushing load, 485 
defects, 414 
definition, 413 
fire-resistance, 924 
manufacture, 413 
safe working stress, 485 
shearing stresses, 589, 590 
sheet piling, 211 
specific gravity, 1923 
specifications, 414 
strength, 410, 414 
tension, 410 
tests, 414 
weight, 1923 
of castings, 1939 

Cast-iron columns (see Columns) 
Cast-iron pipe, expansion of, 1772 
Cast-iron plates, 1942 
Cast-iron scuppers, 862, 863 
Cast-iron sheet piling, 211 
Cast-iron washers, 1425 
Castor-oil, specific gravity and weight, 
1920 

Catafalco (Glossary), 2181 
Cathedrals, European, capacities of, 
2068 

Cauliculus (Glossary), 2181 
Caustic soda, specific gravity and 
weight, 1920 

Cedar, beams, 762-764, 766 
hardness, 1972 

specific gravity and weight, 1920 
stresses, 746, 841 
Ceiling (Glossary), 2181 

beams, design of, 1432, 1478 
fire-resistive, 991-997 

heavy metal lath and plaster, 995 
light metal lath and plaster, 995 
metal lath and plaster, 993-995 
plaster board, 994 
standard X ceiling, 994 
suspended, 996, 997 
weight, 1117 
types, 992 

heat-trans mission, 1570 
matched and beaded boards, 1974 
reflection factors, 1802 
suspended, 980, 993-997 
weight, 1117 
weight of, 1396 
Ceiling-joists (see also Joists) 
wooden, maximum spans, 813 
spacing, 813 
Cellar, definition, 2241 
walls, 234, 235, 1954, 1955 
materials for, 235 
Celotex, 1979 

sound-absorption, 1070 
Celsius thermometer, 1564 


Cement, 240-246 
alumina, 244 
artificial, 241-246 
chemical composition, 241, 242 
conductivity, 1574a 
compression strength, 277 
cost, 244 
elastic, 1997 
grappier, 241 
Keene’s, 921, 1082 
LaFarge, 241 
manufacture, 241, 242 
mixing, 244 
mortar, freezing, 245 

internal conductivities, 1574 
natural, 240 (see also Hydraulic lime) 
painting of, 1987 
Portland, 241-243 
proportioning of mixing water, 251 
Puzzolan, 243 
quantities in concrete, 249 
quick setting, 244 
slag, 243 

specific gravity, lO’O 
stainless, 243 
storage of, 244 
strength, 241 
water required, 244 
weight, 241, 1920 
Cement blocks, 278 
Cement-coated wire nails, 1949 
Cement floors, 1078, 1079 
Cement mortar, freezing, 245 
internal conductivities, 1574 
weight, 1117 

Cement nailing (roof), weight, 1394 
Cement plants, structural-steel data, 
1526 

Cement plaster, 921 
Keene’s cement, 1971 
Cement tile, roofing, weight, 1394 
Cement trim, 1082 
Cement waterproofing, 2130 
Cenotaph (Glossary), 2181 
Center, striking, for arch, 322 
Center of gravity, 127, 305-310 
buttress, 314, 315 
circle, sector and segment of, 307 
compound figures, 308-310 
definition, 127, 305 
found by moments, 308 
irregular figures, 306, 310 
lines, 306 
parabola, 307 
particles, heavy, 307, 308 
pyramid, 307 
quadrant of a circle, 307 
quadrilaterals, 306 
regular figures, 306 
semicircle, 307 
semiellipse, 307 
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Center of gravity, surface, 306 
symmetrical lines, 306 
tables of, 307 
triangles, 306 
voussoir of arch, 326 
wall and buttress, 314, 315 
Centigrade thermometer, 1564 
comparison with Fahrenheit, 1564 
Central America, architecture of, 2181 
Ceramic tile, 1084 
Certificates, architect’s, 2159 
Chain, 443-445 
loads, 444 
safety factors, 445 
sizes, 444, 445 
weights, 444 

Chain blocks, data, 2144-2146 
work done by operator, 2145 
Chain cables, 2145, 2146 
Chain hoists, 2145, 2146 (see also 
Hoists) 

Chain hooks, 2145, 2146 
Chair, dimensions, 2056 
Chaises, pipe, 945 
Chalk, 132 

specific gravity and weight, 1920 
Chamfer (Glossary), 2181 
Champagne, specific gravity and weight, 
1920 

Channels, beams, areas, 366-369 
depth, 366-369 
maximum load, 366-369 
maximum web shear, 366-369 
moment of inertia, 366-369 
properties of, 366-369 
radius of gyration, 366-369 
section-modulus, 366-369 
standard classifications, 1528, 1529 
weights, 366-369 
Chaptrel (Glossary), 2182 
Charcoal, specific gravity and weight, 
1920 

Charges, architect’s, 2151 
Charles’ law, for gases, 1568 
Cherry, hardness, 1972 
specific gravity and weight, 1920 
Chert, 130 

Chestnut, beams (see Beams, wooden) 
hardness, 1972 

specific gravity and weight, 1920 
weight, 1920, 1972 
Cheval glass, dimensions, 2056 
Chiaroscuro (Glossary), 2183 
Chicago, HI., building code, allowable 
pressure, various materials, 277 
allowable stresses, 500, 501, 751 
assumed office-building floor-loads, 
152 

brick-wall thicknesses, 237, 238 
cast-iron column loads, 499, 502 
column formula, 493 


Chicago, III., building code, loads ioi 
cast-iron columns, 499, 502 
loads on foundation-beds, 143 
piers, strength of, 276 
safe axial loads, 494-496 
safe loads, timber columns, 492 
steel column stresses, 513-515 
wood framing, 751 
wrought and cast-iron columns, 
axial loads, 501 
allowable stresses, 500 
rainfall intensity, 1750 
school building costs, 2037 
Chiffonier, dimensions of, 2056 
Chimney flues for Front Rank furnaces, 
1653 

selection of, 1600 
sizes, 1601 

Chimneys, 1598-1601, 1700-1716 
circular steel, wind-pressure, 1517 
for boilers, 1598, 1703 
for tall office- and loft-buildings, 1704 
for warm-air furnaces, 1633,1634,1640 
gas velocity in, 1703 
heights, draft regulation, 1601 
Kent’s formulas, 1702 
radial brick, 1707-1709, 1713-1714 
reinforced concrete, 1710 
sizes for steam boilers, 1703 
steel, 1712, 1713 

foundation sizes, 1712 
tall, list of, 1715 

China, architecture of, 2182, 2183 
Chlorinating sterilizing apparatus, 1771 
Chlorite, 131 

Chord members, trusses, 1253 
Chords, of arcs, 38 
tables of, 81-89 
Christian architecture, 2183 
Chromium, specific gravity and weight, 

1920 

Churches (Glossary), 2183 
European, capacities of, 2068 
illumination, 1808 
live loads, 1515 
seating space, 2067 
Ciborium (Glossary), 2183 
Cider, specific gravity and weight, 1920 
Cincinnati, Ohio, building code, assumed 
office-building floor-loads, 152 
rainfall intensity, 1750 
school building costs, 2037 
Cincture (Glossary), 2183 
Cinder, cinders, anthracite, 1115 
bituminous, angle of repose, 265 
concrete, 248 
compressive strength, 275 
safe loads, 275 
weight, 1117 

Cinnabar, specific gravity and weight. 

1921 
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Circles and parts, 37, 38, 41 
arcs, mensuration, 54-59 
areas, tables, 42-54 
chords, tables, 81-89 
circumferences, 42-54 
geometrical problems, 66-74 
Circuit-breakers, 1836 
Circular mil-wire gauge, 1842 
Circular ring, 61 
Circumference, 37 
circles, 42-54 

Clapboards, New England, 1978 
Clapeyron’s theorem of three moments, 
677 

Classical architecture, 2109-2119 
Classical moldings, data, 2108, 2109 
Classical Orders of Architecture, 2109- 
2119 

Classrooms, air changes, 1691 
floor-loads, live, 1118 
Clay, 135 

angle of repose, 265 
bricks, 19S6-1963 
foundation-beds, 139, 141 
moisture in, 118, 139 
safe loads, 141, 143 
slope of repose, 265 
specific gravity and weight, 1921 
weight, 265, 1921 

Clay tile, characteristics, 1084, 1085 
combination floor, 987 
roofing, weight, 1394 
weight, 1117 

Clay tile roofing, weight, 1394 
Cleveland, Ohio, beilding code, as¬ 
sumed office-building floor-loads, 
152 

loads on foundation-beds, 143 
rainfall intensity, 1750 
school building costs, 2037 
Clevises, standard, 422, 433 
Clinch nails, 1947 
Cliitm w're lath, 1064 
Clip-on fire-resistive construction, 969 
Clocks, diameters of dials, rules for, 
2106 

dimensions of, 2106 
tower, 2106 

CloUter (Glossary), 2184 
Closed tank system, hot-water heating, 
1630 

Closet-ranges, dimensions, 2057 
Cloit nails, 1947 

Clow-National cast-iron columns, 504 
^lub, definition, 2241 
refrigerators for, 2094 
rein forced-concrete, 1108 
rooms, illumination, 1808 
Coach screws, 1953 
Coal, classification of, 1587 
composition, 1586-1588 


Coa\ specific gravity and weight, 1921 
Coal-bin, dimensions and capacities, 
2058 

Coal-bunkers, 1515 

structural steel data, 1526 
Coal-fields of United States, 1586 
Coal-gas, 1775 

Codes, building terms, 143, 151-153, 
237, 238, 834, 903-907 
CoeTicient of elasticity (see Modulus) 
definition, 126 

Coe'ficient of strength, structural 
shapes, 348, 349 
Coffer-dam, walls, 220, 221 
Coins, weights, 29 
Coke, composition by weight, 1588 
specific gravity and weight, 1921 
Col J-air ducts, 1671-1676 
Cold-air wood faces for floors, dimen¬ 
sions of, 1647 

Cold-storage room construction, 2095 
temperature, 2105 
College buildings, costs, 2028 
elevators, 1495, 1496 
Colloidial paints, 1982 
Collopakes paint, 1982 
Colonial architecture, 2184, 2185 
Color, light sources, 1785-1789 
paints, ingredients, 1982, 1983 
wave-lengths, 1783 
Colored mortar, 1082 
Colored Portland-cement mortars, 1082 
Column, columns (sec also Beams) 
base plates, 475-480 
bases (see Bases) 
bearing-brackets, 480-482 
bearing-plates, 475-480 
bending moments, 179 
Bethlehem, load tables, 547-557 
caps (see Column-caps) 

Carnegie, load tables, 558-567 
cast-iron, 498-504 

allowable stresses, 500 
bearing-brackets, 480-482 
Clow-National, 504 
connections, 480-482 
design, 503 
failure by fire, 910 
fireproofing, 876-878, 931 
formulas, 499 
loads, 485, 499 

reinforced-cuncrete, 1186-1199 
safe axial loads, 501, 502, 504 
standar 1 connections, 482 
weights, 1940, 194.* 
channel (see Channels) 
channel and plate, load tables, 576-581 
Clow-National, load, 504 
composite, 507, 509, 510 
covering, isolation of, 949 
definitions, 483 
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Column, fireproofing, 876—878, 931 
footings, 186, 187 (see Footings) 
formulas, 483, 487 
general principles, 483 
H-columns (see Beams and H col¬ 
umns) 

I-beam (see Beams and I beams) 
Lally concrete-filled, safe-loads, 506 
formulas, 505 
load tables, 506, 507 
standard steel bases and gauges, 
507 

lattice, 518 

loads, tables, 501, 502, 504, 506, 507, 
568-575 

metal, fireproofing, 876-878 
modulus of elasticity, 485 
parabolic formula, 487, 489 
plate and angle, load tables, 586-595 
reinforced-concrete, design, 1186— 
1199 (see also Reinforced con¬ 
crete) 

safe loads tables, 1194, 1195 
spiral reinforcement, percentages, 
1196-1198 

safe loads, 501, 502, 504, 506, 507, 
546, 568-575 
schedule, 521 
stanchion, 483 
steel, 509-581 

allowable stresses, 513 
axially loaded, 489 
bases for, 525 
battened, 511 
box, 510 

built up, 510, 522, 523 
« channel (see Channels) 
connections, 527 
design, 512, 517, 521 
eccentrically loaded, 489 
filler plates, 525, 526 
formulas, 512, 513 
latticed, 510, 511 
Rankine’s formula, 487 
rolled H-510, 511 (see H columns) 
safe loads, 516 
splices for, 525 

struts, angle, safe loads, 528-545 
use in mill-construction, 859 
stresses, 489 

wooden or timber, 491, 840, 841 
allowable stresses, 492, 493 
axially loaded, 497 
bases, 856 

eccentrically loaded, 497 
Euler’s formula, 484, 485 
factor of safety, 485 
formulas, 491 

for long columns, 484 
for short columns, 484 
loads, 494-496 


Column, wooden or timber, metal caps, 
858/859, 891-896 
mill-construction, 854-898 
modulus of elasticity, 485 
parabolic formula, 487 
safe loads, 483, 492, 494-497 
secant formula, 487 
strength, general principles, 483-485 
ultimate loads, 486 

wrought-iron, allowable stresses, 500 
fiber-stresses, 500 

Column-caps, 858, 859, 891-896 (see 
also Classic orders of architec¬ 
ture) 

Column-covering, minimum tables, 
932 

Column-footings (see also Footings) 
bearing-plates, 475-480 
bending moments, 180 
design, 186, 187 
Column-sheets, 518-520 
Combination and ribbed floors, 986 
Combination framing, 723 
Combustible materials, definition, 899 
Comfort chart, 1692 
Commercial weights and measures, 27- 
34 

Comparison of building laws, 277 
Competitions, architectural, 2167 
Composite columns, 509-510 
Composite order of architecture, 2113, 
2185 

Composite piles, 200 
Composition floors, 1078 
Compressive strength, brick piers, 280- 
284 

concrete, 297 
mortars, 297 

Concealed knob and tube wiring, 1852 
Concealed radiators, 1586 
Concealed spaces, mill-construction, 
855 

Concrete, 246-260 (see also Reinforced 
concrete) 
admixtures, 248 
age, effect of, 1245 
aggregates, 246-248, 1237 
alkali soils, 1247 
blocks, 919, 1044 
walls ot, 239 

cantilever footings, 1209-1213 
cement-water ratio, 249 
cinder, compressive strength, 275 
cinders, 248 

classes for different design of expos¬ 
ure, 1232 

compressive strength, 252, 275, 297 
consistency, 252 
construction under water, 1247 
contraction and expansion joints* 
1166, 1167 
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Concrete, cost, 259 
curing, 254, 1243 
expansion, 1166, 1167, 1248, 1249 
finishing surfaces, 1249 
forms, 1222-1227 
freezing temperatures, 1245 
heat, effect of, 255 
laitance, 1243 
removal of, 253 
materials, proportions of, 256 
mixing, 252, 1241 

conveying and depositing, 1241 
moisture, effect of, 1244 
painting, 1250, 1987 
pile foundation, 199-203 
piles (see Piles) 
placing, 253 
preparing, 249 
properties of, 246 

proportions, 249, 252, 256, 1230, 1231 
ratio of cement, sand and aggregates, 
249 

roof slabs, 2017 
rubble, 254 
shrinkage, 254, 1248 
specific gravity and weight, 1921 
stone, compressive strength, 275, 277 
strength, according to water-cement 
ratio, 300 

surface finishing, 256, 1249 
tamping, 253 
temperature changes, 254 
tests, 297, 300 
tile, 919 

transportation, 252, 1241 
tremie, use of, 254 
under-water construction, 1247 
uses, 246 

volumetric changes, 1248, 1249 
water-cement ratio, 249, 258 
waterproofing, 255, 1248 
water-tight, 1248 
water used in, 248 
weight, 259, 1921 
Concrete beams (see Beams) 

Concrete building brick, 919 
Concrete fireproofing, 942 
Concrete floors, long span, 986 
Concrete footings, 1199-1213 
Concrete foundations, waterproofing, 
2123, 2124 

Concrete mixtures, strength of, 1234 
Concrete partitions, 1043 
Concrete piles, 199, 202 
Conductivity of materials, 1574a 
Conductors, electrical, 1834 
leaders, proportioning, 1752, 2019 
Conduits, electrical, flexible armored, 
1852 

rigid, 1852 
Cone, 38 


Cone, center of gravity, 307 
frustum, 38, 61, 63 
shades and shadows, 1877 
surface, 61 
volume, 63 
wind pressure, 1397 
Confessional (Glossary), 2185 
Conge (Glossary), 2185 
Conic projection, 1874, 1875 
Conic sections, 38 

Connections, for posts and girders, 891 
Console (Glossary), 2186 
Consoles, terra-cotta, 290 
Construction, fire-resistive, 899-930 
mill, 854-898 

Construction joints, reinforced-concrete, 
1243 

Continuous beams (see Beams) 
Continuous concrete footings, 1212,1213 
Contract drawings, 2154 
Contraction joints, concrete, 1166, 1167 
Contractor vs. architect, relations, 2163 
Contractor vs. owner, agreement, 2165- 
2167 

Contractor’s insurance, 2160 
Contracts, arbitration, 2163 
architect and owner, 2154 
contractor and owner, 2154 
documents, 2154 

forms, standard A.I A., 2153-2165 
owner and contractor, 2161 
standard A.I.A. forms, 2153-2165 
sub-contractor and contractor, 2161 
uniform, 2153-2165 
Conversion tables, 33-35 
Cooling room construction, 2095 
Coping (Glossary), 2186 
Copper, bars, weight per sq. ft., 1929 
in steel, 418 
nails, 1948 
painting, 2018 
roof, 2016, 2017 

covering, weight, 1394 
sheet, weight per sq. ft, 1928 
specific gravity and weight, 1921 
wire, electrical, carrying capacity, 
1843 

weights for different electrical 
systems, 1842 

Copper-bearing metal lath, 1058 
Corbel (Glossary), 2186 
Core-borings, foundation-bed testing, 
145 

Core prints, 1939 
Cores, for casting, 1939 
Corinthian order of architecture, 2113, 
2114 

Cork, specific gravity and weight, 1921 
Cork board, 1055 
conductivity, 1574a 
sound insulation, 1069 
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Cork tile, 1074 
Corlite, cinder concrete, 916 
Corona (Glossary), 2187 
Corporation pipe, 1727 
Corrugated glass, 1993 
Corrugated iron sheets, 2011, 2012 
Corrugated steel, roofing, 2013 
weight, 1394 
sheets, 2011, 2012 

thickness and weight, 2012 
siding, 2015 

Corrugated wire-glass, 925 
Corundum, specific gravity and weight, 
1921 

Cosecants, natural, table of, 117 
Cosines, natural, table of, 95 
Cost, costs, brickwork, 1962 
buildings per cubic foot, 2028 
chimneys, 1963 

college buildings, per cu. ft, 2028 
concrete, 259 

drafting, structural work, 1524 
electrical wiring, incandescent lamps, 
1855 

elevator, 1509 

erecting structural work, 1524 
factory buidlings, 909 
Federal buildings, 909, 2032, 2039, 
2040 

flooring, 1978 
footings, 1963 
hotels, 909 

laying cast-iron water-pipe, 1728, 1729 
loft buildings, 909 
loosening earth, 1954 
mill-construction, 873 
office-buildings, 909, 2028 
painting structural steel, 1524 
piers, 1963 
plastering, 1972 

proportion of value, various items of 
construction, 2041-2047 
public buildings, 909, 2028 
residential buildings, 909 
roof-trusses, steel, 1524 
saw-tooth roofs, 873 
school-buildings, 2023 
sheathing, 1978 
steel-mill buildings, 1524 
stonework, 1956 
structural steel, 1522 
various types, of buildings, 2029-2040 
of Federal buildings, 2029-2040 
warehouses, 909 

Cost estimating of buildings, 2026-2049 

Cotangents, natural, tables of, 115 

Cotton rope, 441-443 

Counterbrace truss, 1253 

Counter flashing, 1997 

Court, definition, 2242 

Court and yard, live loads, 1118 


Court-rooms, illumination, 1808 
Cover-plates for girders, 456, 457, 1519 
Cradling (Glossary), 2187 
Crane, loads, 1515 
Crane chain, 445 

Creosote oil, specific gravity and weight, 
1921 

Creosoted wood block, flooring, weight, 
1117 

Crocket (Glossary), 2187 
Cross (Glossary), 2187 
Crushing height, brick, 279 

stone, 279 

Crushing strength, building stores, 290- 
301 

Crypt (Glossary), 2188 
Cubage, method of determining, 2027, 
2078 
Cube root, 4 
tables, 8-24 
Cujes, 38 
Cubic measure, 27 
metric, 31 

Cupola (Glossary), 2188 
Curb root (Glossary), 2188 
Current, electrical, 1832, 1833 
alternating, 1837 
direct, 1837 
heating effect of, 1836 
Curtain, theater, 922 
water, 1097 
Curtain walls, 1220 
Cusp (Glossary), 2188 
Cut-out cubinets, 1854 
Cut-steel nails, 1950 
Cycloid, definition, 80 
problems on, 80 
Cyclostyle (Glossary), 2188 
Cylinder, 38-63 

shades and shadows, 1877, 1878 
underpinning, 231 
wind-pressure, 1397 
Cylindrical tanks, 1744 
Cyma (Glossary), 2188 
Cypress, beams (see Beams) 
deflection, coefficient, 654 
modulus of elasticity, 652 
specific gravity and weight, 1921 
stresses, 746, 841 
Cyrtostyle (Glossary), 2188 

Dado (Glossary), 2188 
Dais (Glossary), 2188 
Dance-hall, illumination, 1808 
Data (see also under subject) 
bricks and brickwork, 1956-1963 
carpenter's work, 1972-1978 
estimating live loads, 149-151 
excavating, 1954, 1955 
lumber, 1972-1978 
miscellaneous, 1917-2149 
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Data, stonework, 1955, 1956 
Dead loads, 1304, 1343-1345 (see also 
.inder subject) 
columns, 1186 
definition, 126, 149 
footings, 149 
reactions on roof, 1306 
Deadness, felts, 1980 
mineral wool, 1980 
quilts, 1979 
Decagon, 37 

Decimals of an inch, table, 26 
pecks, Blawsteel, 1016, 1017 
canvas, 897 

Gennre steeldeck, 1015 
Holorib construction, 1018, 1019 
Mahon steel, 1017 
Ribsteel construction, 1017 
Rigideck, 1016 
steel roof, 1014 

Decorated style, architecture, 2183 
Deformatioi, definition, 125, 1304 
Denmark, architecture of, 2189 
Dental office, illumination, 1808 
Denver, Col., building code, allowable 
press ire, various materials, 277 
allowable stresses in wood framing 
751 

brick-wall thicknesses, 237, 233 
loads on foundation-beds, 143 
rainfall intensity, 1750 
school building costs, 2037 
Deiart neat-store, elevators, 1494, 1495 
Depot waiting-room, illumination, 1808 
Depreciation of buildings, 2052-2054 
Detroit, Mich., rainfall intensity, 1750 
school building costs, 2033 
Diameters, 37 

Diamond bits, foundation-bed testing, 
145 

Diamond rib metal lath, 1063 
Diaphragms, 593 
in box girders, 697 
Diastyle (Glossary), 2189 
Dickson studs and lath, 1051, 1053 
Die (Glossary), 2188 
Dimension, shingles, 1994 
stone, 1956 

Dipteras (Glossary), 2189 
Direct radiation, 1580 

value of various types and system, 

1585 

Direct-indirect radiation, 1581 
Dirt, 135 

Distyle (Glossary), 2190 
Ditriglyph (Glossary), 2190 
Diving-bell, 216 

Documents, American Institute of 
Architects, 2150 

American Institute of Architects, list 
of, 2150 


Dodecagon, 37 

Dodecastyle (Glossary), 2190 
Dodge City, Iowa, rainfall intensity, 1759 
Dogwood, hardness, 1972 

specific gravity and weight, 1921 
Dolomite, 13 l t 132 
Domes, 1530-1548 
concrete ribbed, 1542 
critical angle of, 1530 
flat, 1530 

framing for, 738, 739 
Guastavino, 1560 
internal stresses, 1530 
joint of rupture, 1530 
reinforced-concrete, 1542-1543 
ribbed, 1539 

Schwedler method of design, 1539 
smooth shell, 1530-1539 
steel, 1539 
weight, 1541 

Door, doors, metal-covered, 897 
standard fire, 861 

Doric order of architecture, 2109, 2111, 
2190 

Double partition, 1051 
Double wall stack, 1635 
Douglas fir, beams, 636, 637, 651, 752 
769, 773, 775 
deflection coefficient, 654 
columns, crushing load, 435 
fiber-stresses, 492, 493 
safe axial loads, 494, 495 
safe loads, 485 
safe stresses in shear, 447 
safe working stresses, 485 
lattice truss, 1265 
modulus of elasticity, 652 
specific gravity and weight, 1921 
stresses, 841, 1421, 1422 
weight, 1921 

working stresses, 744, 746 
Draft gauges, 1562, 1563 
Drafting-room, illumination, 1808 
structural, cost of, 1524 
Drain, drainage, 1717-1745, 1747 (sec 
also Plumbing) 
floor, 1747 

well point system, 210 
Drawings, architects’, 2154 
competition, 2167 
contract, 2154 
detail, 2154 

property of the architect, 2155 
shop, 2154 
Driers, 1983 
Drift-bolts, 1426 

Drop-hammer, pile driving, 193, 206 
Drop siding, yellow pine, 1974 
Dry And wet return mains, capacities 
1619 

Dry measure, 27 
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Dry rot, 855 

Duchemin formula, wind-pressure, 1397, 
1516 

Ducts, air, 1671-1676 

area of hot-air, for gravity circulation, 
1624 

:old-air, 1641, 1642 
return duct sizes, 1657 
design of, 1672, 1673, 1679 
dust collector, 1648 
fresh air, capacities and dimensions, 
1649 

metal, gauges for, 1670 
warm air, 1634, 1635, 1637-1640 
Duluth, Minn., rainfall intensity, 1750 
Dunham differential heating system, 
1612 

Dunham vacuum-traps, capacities, 1612 
Duplex combination post-cap, 880 
four-way post-cap, 878 
hangers, 890 
wall box, 878 
Duvinage cap, 891 
Dwelling (see also Residences) 
definition, 2242 
floor-loads, live, 834, 1515 
footings, 232, 233 
foundations, 232, 233 
heating and ventilating, 1577-1579, 
1624 

estimating quantity of, 1570 
wall thicknesses, 236-240 
Dynamo, electric machines, 1837 

Earth, estimating cost of loosening, 1959 
specific gravity, 1921 
weight, 1921, 1955 
Earthy material, 133 
Ebony, specific gravity and weight, 1921 
Eccentric loads (see Loads) 

Echinus (Glossary), 2191 
Echoes, 1860 

Edison three-wire electric system, 1839 
Eggs, specific gravity and weight, 1921 
Egyptian architecture, 2113, 2115, 2191, 
2192 

Egyptian long measure, 34 
Elastic cement, 1997 
Elastic limit, definition, 126, 416 
Elastic strength, definition, 126 
Elasticity, modulus of, or coefficient of, 
126 

Elaterite, 2023 

Elbows, heat loss, allowance for friction, 
1620 

Elder pith, specific gravity and weight, 
1921 

Electrical code, national, extracts from, 
1853-1855 

Electrical units, equivalent mechanical 
values, 1562 


Electrical welded chain, 445 
Electrical,wiring tables, 1848, 1849 
Electric lighting systems, 1838-1842 
Electric light wire, 441 
Electric sign, support trusses, 1339 
Electric wiring, 1832-1857 
cabinet wiring, 1841, 1850 
capacity for outlets, 1848 
concealed knob and tube, 1852 
copper wire, dimensions, weight and 
resistances, 1846 
cost, 1855 

for illumination (see Illumination) 
interior, specifications for, 1854, 1855 
methods, 1852 
open, 1852 

required wire sizes, 1847 
wire calculations, 1842-1845, 1847 
standard symbols for wiring plans, 
1856, 1857 
switches, 1850, 1851 
symbols, 1856, 1857 
Elevators, 1490-1510 
apparatus, 1501-1506 
areas, 1221 
automatic, 1498 
buffers, 1504 
button service, 1498 
cabs, construction and design, 1509 
car sizes, 1496 

comparison of types and capacities, 
1496 

concentrated loads, 1515 
cost, 1509 

counter weigh ting and compensating, 
1504 

dispatching devices, 1510 
door and door-operating devices, 1508 
drum type, 1501 
electric, 1501 
escalators, 1494, 1495 
geared, 1501 
gearless, 1501 
grouping, 1496 
guard gates, 864 
hydraulic, 1501 
illumination, 1803, 1808 
installation, 1500 
interlocks, 1507 
magnet controllers, 1506 
manual type, 1498 
mechanical safeties, 1503 
motors, 1504, 1505 
voltage control, 1505 
operating devices, 1506-1509 
passenger capacity, 1496 
pits, 1221 

platform area, 1496 
rheostatic control, 1506 
ropes, 1502 
scale type, 1503 
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Elevators, self-service, 1498 
signal system, 1509 
speed, 1496 
spur-geared, 1502 
traction type, 1501 
types of, 1498 

types of buildings requiring, 1494, 
1495 

worm-gear, 1502 
Elevator-towers, 860 
Elizabethan architecture, 2192 
Ellipse, 38, 74-79 
Ellipsoids, 60-65 

Elis, beating, allowance for friction, 
1620 

Elm, hardness, 1972 

specific gravity and weight, 1921 
Emerald, specific gravity and weight, 
1921 

Emerson calorimetric fuel determina¬ 
tion, 1587 

Emery, specific gravity and weight, 1922 
Enameled bricks, 1961 
Enamels, tile, 1085 
Enclosures, radiator, 1584 
Energy and power, relation between, 
1565 

Energy of work, definition, 1562 
Engineering architects’, terms used, 
124-127 

Engineering News formula, for pile 
foundations, 196 
England, architecture of, 2192 
English legal wire gauge, 437 
Enneagon, 37 
Entasis <Glossary), 2193 
Entropy, definition, 1568 
Epistyle (Glossary), 2193 
Equalization table, mains and risers, hot- 
water heating, 1628 
Equilibrium, definition, 124 
parallel of forces, 304, 327, 328 
polygon of forces, 303, 313, 327, 328, 
333 

Equipment, fire-resistive, 1098 
Escalators, 1494, 1495 
capacity, 1495 
Eskimo architecture, 2193 
Estimates, architect’s, 2152 
Estimating, building costs, 2026-2049 
quantity of brickwork, 1961 
quantity system, 2054-2056 
Ethane, calorific value and weight, 1588 
Ethics, professional, 2151 
Ethylene, calorific value and weight, 
1588 

Etruscan architecture, 2193 
Euler formula, for columns, 484, 485 
European, cathedrals, capacities of, 2068 
churches, capacities of, 2068 
theaters, capacities of, 2068 


Eustyle (Glossary), 2193 
Evaporation, 1565-1568 
equivalent, boiler, 1589 
Evolution, mathematics, 3-5 
Excavating data, 1954-1955 
Excavation, below water-level, 210 
bracing, 204 
Chicago method, 213 
complex and simple, 203 
compressol system, 224 
cross-lot bracing, 222 
data on, 1954-1955 
dredged wells, 215 
earth-pressure, 204, 211 
freezing process, 223, 224 
needling, 226-230 
open-caisson method, 215 
pneumatic-caisson method, 216 
poling-board method, 214 
protecting adjoining structures, 224, 
225 

quicksand, 137 
rock, 1955 

sheet piling, wood, 204 
shoring, 224, 225 
sides of, 203 

simple and complex, 203 
underpinning, 229-231 
vehicle capacities, 1955 
volume, computing of, 65 
well-curb method, 215 
well-diggers’ method, 216 
well-point drainage, 210 
Exedra (Glossary) 2193 
Existing floors, determining strength of, 
849 

Expanded joists, 973 
Expanded metal, 944, 945, 1002, 1003, 
1060-1063 

Expansion bolts, 1952 
Expansion joints, concrete, 1166, 1167 
Expansion tank, connections, 1630 
for hot-water heating, 1629 
Expert, in competitions, 2167 
services of, 2167 

Exposition buildings, cost of, 2050, 2051 

Extension angles, 976 

Extension bottoms for joists, 973 

Extrados, arch, 319 

Eye, dome, 1530 

Eye-bars, tension members, 420 

Face, arch, 319 
Factor of safety, 410 
definition, 126 
elevator ropes, 1502 
Factories, cost, 909, 2047 
heating temperatures, 1570 
height limit, non-fireproof, 906 
live loads, 1514 

mill-construction details, 878, 879 
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Factories, reinforced-concrete floor-con¬ 
struction, 1168 
Factory ribbed glass, 1826 
Fahrenheit thermometer, 1564 
Faience tile, 1085 

Fan, multiblade or turbine type, 1676 
rating of, 1677 

speed, capacities and horse power, 
tables, 1674, 1675 
steel plate, 1676 
ventilating, 1676, 1677 
Fan engine, 1680 
Fan system of heating, 1657-1686 
Fan truss, 1346 

Fats, specific gravity and weight, 1922 
Federal buildings, cost of, 909, 2029- 
2040 

heating temperatures, 1570 
Federal reinforced-cement tile, 1007 
Fees, architect's, 2151 
Feet converted into meters, 34, 35 
Feldspar, 131 

specific gravity and weight, 1922 
Felt and gravel roof-covering, weight, 
1394 

Felts, asbestos, 1980 
building, 1980 
dry saturated tarred, 1980 
waterproof linings, 2128, 2129 
Fencing wire, 441 
Fenestra steel sash, 865, 1824 
Fiber-stresses (sec under each material) 
Field hockey, field measurements, 20)8 
Field rivets (see Rivets) 

Figured glass, 1826, 1990 
Figure-four method of needling, 230 
Filbert-tree, specific gravity and weight, 
1922 

Fillers, web stiffeners, 1519 
Filters, water, 1768, 1769 
Fink truss, 1276, 1282, 1358-1360 
Fir, Balsam, stresses, 841, 746 
Douglas, 718 

beams, safe loads, 769, 773, 775 
specific gravity and weight, 1921 
stresses, 746, 1421, 1422 
Fire-alarm systems, 1099-1100 
Fire-bricks, 1958 
Fire-clay, flue-linings, 1599 
Fire-doors, Flaimpruf, 1092 
hollow metal, 1091 
metal-covered, 897, 1091 
plate steel, 1090 
pyrono, 1092 
sheet metal, 1091 
standard, 861 
tin clad, 1090 

Fire-engine house, illumination, 1808 
Fire-fighting devices, 1088-1098 
Fire-hose, 1739 
Fire insurance, 2160 


Fireplaces, 1600 
construction, 1599 
throats and dampers, 1600 
Fire-preventive devices, 1098-1106 
Fire-proof windows, hollow metal plate, 
1096, 1097 

Fire-proofing materials, properties of, 
911 

specifications, 911 

Fire-proofing of buildings, 899-1106 
asbestos, 922, 923 
beam and girder wrapping, 943 
brick protection, 934 
ceilings, 991-997 

column, truss and girder assemblies, 
931-949 
concrete, 942 

costs, comparative of different types, 
908, 909 
definitions 899 

fire-tests of building columns, 931 
floors (see Floor-construction, fire- 
resistive) 

gypsum column protection, 940, 941 
interior finish and trim, 930, 1051, 
1052, 1055, 1079-1088 
materials (see Fire-resistive mate¬ 
rials) 

metal lath, 944 1060-1068 
minimum protective column cover¬ 
ings, 932 

municipal definitions, 902-907 
Philadelphia, 903 
Pittsburgh, 903 
New Orleans, 904 
West Coast, 904 
paint, 1098-1106 
partitions, 1038-1058 
plaster, 922 

prism glass, 924, 925, 1991 
reinforced-concrete (see Reinforced 
concrete) 
roofs (see Roofs) 
stairs, 860, 861, 864, 879 
steel, 876-878, 934 
structural clay-tile protection, 934 
trusses and girders, 933 
types, 908 

wall coverings, 1038-1058 
Fire-protection (see also Fire-proofing 
and Fire-resistive construction)’ 
alarm systems, 1099, 1100 
casements, 1096, 1097 
elevators, 864 

fire-extinguishers, 1098-1106 
fire-resistive equipment, 1098 
fire-resistive furniture, 1098 
first-aid fire appliances, 1106 
doors (see Fire-doors) 
fire-retardants, 911-923 
outside hazards, 1097, 1098 
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Fire-protection, partitions, 1038-1058 
retardant paint, 1098-1106 
sash, metal-covered, 1095 
solid steel 1095, 1096 
scuppers, 862, 863 
shutters, 855, 1094, 1095 
sprinkler systems, 1100-1105 
stairways and towers, 860, 861, 864, 
879 

standpipes and hose systems, 1105 
steelwork, 876-878 
tanks, 874, 875, 1739-1741 
water curtains, 1097 
windows, 1095 
wire-glass, 1990, 1993 
Fire-pumps, standard sizes, table, 1742 
Fire-resistance of materials, 909, 910 
Fire-resistive construction, 854 
Fire-resistive flooring, 1074-1078 
Fire-resistive furniture, 1098 
Fire-resistive materials, asbestos prod¬ 
ucts, 922, 923 
brick, 911 

classification of, 900 
concrete, 915-920 
fire-retardant wood, 927 
flaimpruf wood, 930 
floor-construction, 949-991 
glass and wire-glass, 924, 925 
gypsum, 920, 921 
metal-lath and plaster, 944 
mortars and plasters, 921 
natural stone, 911 
prism and structural glass, 925 
Robertson protected metal, 924 
steel and iron, 923 
terra-cotta, 912 

Fire-resistive partitions, 1038-1058 
Fire-resistive wood, 1074 
Fire-retardant classifications, 1022, 
1023 

Fire Underwriters, 1022, 1023 
U. S Bureau of Standards, 1023-1025 
Fire-retardant paint, 930 
Fire-shutters, 855, 860, 1094, 1095 
Fire-stops, mill-construction, 855 
Fire-streams, 1738-1739 
Fire-towers, 860, 861, 864, 875, 879 
Fire-tube tests, 930 

Fire Underwriters specifications, doors 
and shutters, 897 
Fire-walls, 856, 861, 874, 1022 
Fires, severe, building, 901 
First-aid fire-appliances, 1106 
Flagpole, data, 2059 
Flaimpruf wood, 930 
Flamboyant (Glossary), 2195 
flashings (Glossary), 1997, 2195 
Flat rolled brrs, safe loads, 424-427 
Flat-slab floor-construction, 1174-1185 
Flax-Li-Num, 1066 


Flexible armored cable, 1852 
Flexible running rope, 439 
Flexible tubing for electrical wiring 
1852 

Flexural strength, computed, definition. 
126 

Flexure, in beams, 126 
steel, 339-344 
wooden, 753, 758 
Flint, 130 

specific gravity and weight, 1922 
Flitch-plate, beams and girders, 632-637 
Floodlighting of buildings, 1828-1831 
Floodlighting units, 1830 
Floor, arches, 950-964 
asphalt, 2024 

battledeck construction, 989 

beam and slab, 962, 971 

brick arches, 950, 951 

cement, 1078, 1079 

clay-tile combination, 987, 1078, 1079 

clip-on construction, 969 

concrete, 962-965 

concrete composition, 963 

existing, determining strength of, 849 

fire-resistive, 949-991 

fire tests, 950 

flat reinforced-concrete, 964 
framing, steel (see Framing) 
girderless, 1174-1185 
Guastavino, 961, 962 
gypsteel, 968 
gypsum, 966 967 
heat-transmission, 1570, 1574 
I-beam system, concrete, 962-967 
floor arches and tiles, 950-961 
joists (see Floor-joists) 
laminated, 844 

maximum spans, 847-849 
loads (see Loads) 

Lith-I-Bar system, 983 
long-span concrete, 986 
metal lumber, 972 
metropolitan system, 967 
mill, 844-847 (see Mill-construction) 
Miller precast unit, 983 
Natcoflor system, 987 
New York tile, 960, 961 
open-web steel system, 972 
plank, 844-849 
Porete system, 984 
Pyrofill monolithic, 971 
reinforced-concrete (see Reinforced 
concrete) 

reinforced-concrete ribbed, 1167-1169 
reinforced-tile, 959-961 
reinforcement, deformed sheet steel, 
1004 

expanded mesh, 999 
self-centering, 1002 
wire fabric, 998 
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Ploor, Republic Slagbok system, 987 
requirements for fire-resistive, 949 
ribbed and combination, 986, 1172- 
1174 

Schuster system, 987 
segmental clay-tile, strength of, 956, 
957 

slate tile, 1078, 1079 
sound-reduction factors, 1071 
steel joists construction, table, 978 
structural clay-tile, 951 
suspension system, 967 
Tee-stone system, 985 
types of fire-resistive systems, 950 
Waite's concrete I-beam system, 981 
warehouse, 873 
Watson system, 982 
weight (see Loads) 
welded metal fabrics, 998-1000 
wire fabrics, 1001-1005 
wooden, 730, 760-834 
framing, 730-733 

mill-construction, 844, 845, 856, 
878-896 

old, strength of, 849 
plank, 856, 857 
warehouse, 873 
workshop, 865 

Flooring, cement, 1078, 1079 
composition, 1078 

factory and mercantile, comparison 
of, 1076, 1077 
fire-resistive, 1074-1078 
asphalt mastic, 1078 
cement, 1075-1078 
cement mortars and granolithic, 
1075 

composition, 1078 
cork tile, 1074 
fire-retardant wood, 1074 
granolithic, 1075, 1078 
granolithic finishes, 1251, 1252 
hardwood, weight, 1117 
linoleum, 1075 
mastic asphalt, 2024 
matched maple, 1974 
matched wood, 1974 
mercantile and factory, comparison 
of, 1076, 1077 
mosaic, 2023 
open-web steel, 972 
rubber tile, 1075, 2022, 2023 
terrazzo, 2023 
untreated wood, 1074 
wood block, weight, 1117 
zenitherm, 1078 

Floor-joists, steel, Bethlehem, 593 
expanded, 973 

load-bearing capacity, 974, 975 
Nailer, 974 
open web, 972 


Floor-joists, steel, Rivet grip, 974 
trussed, 593 
welded, 593 
welded bar, 972 
welded structural, 972 
wooden, 730, 740, 741 
bridging, 732, 852, 853 
framing details, 730, 731, 852, 853 
hangers, 882, 885 

maximum attic and ceiling span 
tables, 813 

maximum-span tables, 776-812 
size, 730, 831 
spacing, 730, 831 
weight, 833 

Floor-slabs (see Reinforced concrete) 
Floor-tiles, 2020, 2021 
Florentine glass, 1826 
Flow of water in pipes, 1719 
Flue-linings, standard dimensions, 1599 
Flues, fireplaces, 1600 
kitchen ranges, 1600 
selection of, 1600, 1601 
vent (see Plumbing) 

Fluid measure, 28 
Flux, luminous, 1783 
Football field measurements, 2074 
Foot-candle meter, 1784 
Footings, 129 (see also Foundations) 
areas, minimum, 154, 155 
bending, failure by, 173, 175 
bending moments, 178, 179, 180 
bending stresses, 175-179 
brick, 234 

cantilevers, 168-172 
column design, 186, 187 
loads, 155 
moments, 175-177 
proportioning, 156 
reinforced-concrete, 188 
compound, 181 
concentric load, 163 
concrete 233, 234, 246 
cost, 259 
weight, 259 
continuous, 1212-1213 
courses, size and forms, 172, 173 
unit loads, 173 

crushing, failure by, 173, 174 
depth of, minimum, 191 
design of, 181 

determining required width, 177 
eccentric, 163 
factor of safety, 182 
failure, by bending or rupture, 175 
by crushing, 174 
by spreading, 174, 175 
flexural strength, 182 
general conditions, 190 
grillage, steel, 169-172, 184, 185 
homogeneous slabs, 181 
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Footings, loads, 149-151, 155 
masonry, 232 

material and labor required, 1963 
materials used for, 181 
offset, 166, 167, 233 
piers (see Piers) 

projection to depth, ratios of, 183, 
184 

reinforced-concrcte, 1199-1213 
rupture, failure by, 173 
safe tensional strength for materials, 
182 

settlement, 154-160 
shear, failure by, 173 
slabs, homogeneous, 181 
spreading, failure by, 173-175 
steel beams in, 184, 185 
stepped, 182 
stone, 232, 233 
stresses, 172-175 

tables, footings proportional to loads, 
161, 162 

timber, 188, 189 
trenches for, 234 
types, 190 

unit and separate-layer compared, 
183 

weight, 173 
Foot-pound, 304 
heat unit, 1564 
second system, 1561 
to Btu, 1562 

Force, forces, 124, 302-310 
axial, 410 

center of gravity, 127, 305, 310 

composition, 302, 1305 

compression, 127, 1314 

definition, 124 

elements of, 1304 

equilibrium, 124 

external, 125, 1139 

graphic statics, 302-305, 326, 1321 

internal, 125 

lever, principle of, 127, 304, 305 
line of action, 302, 303 
magnitude, 302 
moments of, 127, 303-305 
parallel, 303, 304 
parallelogram of, 303 
point of application, 303 
polygon of, 303 
reactions, beams, 336-345 
trusses, 1305-1314 
resolution, 302, 1305 
resultant, 302 
shear, 1314 
stress (see Stresses) 
tension, 127, 1314 
torsion, 128 
triangle of, 303 

Forces and moments, 302-310 


Forge-shop, illumination, 1803 
structural-steel data, 1526 
Foriluxes, 1992 

Forked loop rod, tension member, 422 
Forms, for concrete, 1221-1227 
Formula factors, rectangular concrete 
beams and slabs, 1126, 1127 
Fossiliferous limestones, 132 
Foster floor form, 1066 
Foundation-beds (see also Foundations) 
adobe, 143 

allowable loads, 140, 141 
boulders, 134-136, 141 
clay, 135, 138, 139, 141, 143 
definition, 129 
dirt, 135 
drill tests, 145 

earthy material, 133-135, 138-140 
filled ground, 140 
geological considerations, 130 
glacial deposits, 133 
gravel, 134-136, 141, 143 
hardpan, 135, 141, 143 
loads allowed by building codes, 143, 
151-153 

loads on, 130, 140-143, 149-162 
loam, 135, 143 

materials composing, 130-143 

mould, 135 

mud, 135, 139 

peat, 135, 139 

pipe borings, 144, 145 

quicksand, 137, 141, 143 

river deposits, 134 

rock, 130, 131, 134, 135, 141, 143 

sand, 134-138, 141, 143 

schists, 132 

shale, 135 

silt, 135, 139, 140 

soil, 133, 135, 143 

testing, 142-146 

topographical conditions, 146 

trenches for footings, 234 

unit loads, 142 

varying pressure on, 166, 167 
Foundations (see also Footings and 
Foundation-beds) 129-231 
adjoining excavations, 130, 147 
adjoining structures, protection of, 224 
brick, 234 
caissons, 215-224 
cantilever, 1209-1213 
chimneys, 1963 
columns, 186, 187 
concrete, 1199-1213 
conditions affecting, 190 
definitions, 129 
depth, 191 

elongated supporting areas, 163 
excavation for, 203, 204, 1954, 1955 
(sec also Excavations) 
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Foundations, footings (see Footings) 
general conditions, 190 
general requirements, 129, 130 
girdering method, 169-171 
grillages, 184-187 
light buildings, 232-234 
load on natural bed, 130 
loft buildings, 150 
manufacturing buildings, 150 
mining districts, 148 
navigable waters, 147 
needling, 226-229 
object of, 129 

piers, 203, 1963 (see also Piers) 
piles, 191-203 (see also Piles) 
protection of adjoining structures, 
224 

reinforced-concrete (see Reinforced 
concrete) 

requirements, 129, 130 
rock, 132 
screw jacks, 225 
settlement, 155-162 
sewers, 147 
shafts, 148 
shoring, 224-231 
spread, 169-171 
stacks, 1963 
storehouse, 150 
subways, 148 
temporary buildings, 189 
timber, 188-189 
trenches, 147 
tunnels, 148 
types, 190 

underpinning, 230, 231 
walls, 129 (see Walls) 
waterproofing, 2123-2132 
wedges, 225 
wells, 148 
wooden piles, 191 
workshop, 150 

Foundry, charging-floor, live loads, 
1514 

heating temperatures, 1570 
illumination, 1804 
slow-burning construction, 868 
structural-steel data, 1526 

Four-wall handball court, dimensions, 
2085 

Frames, door, 860, 897 

window, 860 (see also Window- 
frames) 

Framing, around openings, 732 
bridging, 732 

cast-iron, 480, 482, 498-504 
columns, 498-505 
floors, wooden, 730-732 
headers, 731 

joists, 730, 731 (see Joists) 

Lally columns, 505-507 


Framing, lumber, 1973 
mill-construction, 854-898 
plates, 730 

posts, girts and braces, 729 
roof trusses, 1253-1456 
saw-tooth roof, 868-872 
sills, 728 
steel, 509-581 
beams, 582-605 

columns, 509-581 (see Columns) 
fire-proof floors, 949-992 
stiffness of frame buildings, 724 
studs, 728, 729 
tail-beams, 731 
trimmers, 731 

truss joints, arched, 1276-1281, 1287- 
1293 

lamela, 1280, 1281 
lattice truss, 1264 
trussing, 732 
wind-load, 1309 
wood, 717-853 

wooden floors, 730-733, 876-896 
France, architecture of, 2190 
Freestone (Glossary) 2197 
Freight-cars, capacities, 2058 
dimensions, 2058 

Freight rates on structural steel, 1523 
Fresh-air inlet, 1747 
Friction, theorem, 261-264 
water in pipes, 1725 
Frostproofing, water-pipes, 1741 
Frustum, of cone, 38, 61, 63, 64 
of pyramid, 38, 61, 64 
Fuel-consumption, 1594-1595 
Fuels, 1586-1588 
air required, 1588 
boiler rating affected, 1593 
calorific value, 1588 
combustion, 1588, 1589 
consumption, heating boilers, 1594 
storage, 1588, 1589 
Fulcrum, grillage, 169 
Furnace-heating, 1632-1657 
fuels, 1586-1588 

Furnaces, 1632-1657 (see Heating and 
ventilation) 
capacities, 1636 
commercial ratings, 1635, 1636 
Front Rank, dimensions and capaci¬ 
ties, 1652 

leaders, 1634, 1637, 1642, 1643 
leaders and stacks, 1634, 1635 
location, 1632, 1633 
Majestic, dimensions and capacities 
1650, 1651 
registers, 1640-1648 
stack, 1640 

warm-air, capacities, 1636 
heating systems, 1642 
ratings, 1643 
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Furniture, dimensions, 2056 
fire-resistive, 1098 
fire-retardant wood, 1098 
Furring, clay-tile, 1072, 1073 
fire-resistive, 1072 
metal, 1060-1069, 1073 
mill-construction, 855 
split, 1073 

tile, hollow-clay, 914 
wall, 1072, 1073 

Fuses and circuit breakers, 1836 
Fusion, latent heat, 1565 

Gable (Glossary), 2197 
Galvanic action, roofing materials, 2020 
Galvanized sheet iron and steel, 2012, 
2013 

Galveston, Tex., intensity of rainfall, 
1750 

Gamboge, specific gravity and weight, 
1922 

G"rage, illumination, 1804, 1808 
live loads, 834, 1118, 1515 
Gargoyle (Glossary), 2198 
Garnet, specific gravity and weight, 
1922 

Gas, gases, acetylene, 1776 
calorific values, 1588 
Charles’ law, 1568 
coal, 1775 
heat units in, 1780 
illuminating and piping, 1775-1780 
natural, 1776 
oil, 1775 
perfect, 1570 
piping for, 1775-1780 
proportioning pipe sizes 1777-1779 
velocities, flue and chimney, 1700, 
1701 

water, 1775 

weight and calorific values, 1588 
Gas-filled lamps, 1785, 1786 
Gas-piping, 1717-1745 
symbols, 1856, 1857 
Gaskets, pipe joints, 1726 
Gauges, air duct, metal, 1670 
American Screw Co.’s, 437 
American Steel & Wire Co,’s, 436, 437, 
1928-1930 

Birmingham, 436, 437, 1927 
British Imperial, 437, 1927 
Brown & Sharpe, 437, 1842 1845, 

1927-1930 

circular-mil, 1842, 1927 
comparison for wire and sheet netal, 
437 

corrugated sheets, 2012, 2013 
piano wire, 436 
pressure, 1562 
railroad track, 2058 
Roebling’s, 435, 436, 1927 


C auges, standard, compared, 435, 1927 
Stubs’, 437, 1927 

U. S. Standard metal sheets, 437, 
1927, 2012 

Washburn & Moen, 437, 1927 
Gears data, 2142-2144 
Generators, electrical, 1837 
heat, 1631 
turbine, 1743 
Genfire steeldeck, 1015 
Geological data, foundations, 130-140 
Geology of earthy material, 133 
Geometrical problems, 66-90 
Geometry and mensuration, 36-65 
Georgian architecture, 2198 
Germany, architecture of, 2198, 2199 
Gillmore needle cement test, 243 
Gilsonite, 2023 
Girder hangers, 885 
Girdering, cantilever foundations, 169 
Girderless floor-construction, 1174- 
1185 

Girders (see also Beams), bearing, 590, 
697, 759, 83’ r 
Bethlehem, 593 
box, 695-716 

built-up, wooden, 632-636 
compound, wooden, 032 
continuous, 669-691 
definition, 582 

deflection of, 591, 592, 642-667 
fire-proofing, 931, 933 
flitch-plate, 636, 637 
framing (see Framing) 
grillage foundation, 184-187 
holes in web, 697 
I beam (see I-beam) 
lattice, 1265-1267, 1350-1354 
loads, 336-345, 582, 587-589, 832 
tables of safe, 361-409 
mill-construction, 874 
plate (see Plate girders) 
definitions, 695 

reinforced-concrete, bending mo¬ 
ments, 1129 

compression reinforcement, 1155 
spacing reinforcement, 1143 
riveted steel plate and box, 695-716 
general considerations, 695 
section-modulus tables, 709-716 
steel, fire-proofing, 876-878 
properties of, tables, 607-631 
strength of, 632 
tee, loads, 1159 

reinforced-concrete formulas, 1125 
trussed, 637-641 
web plates of, 1519 
wooden, 632-636, 733, 734 
built-up, 632 
fiitched-plate, 636, 637 
Girt, definition, 582 
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Glacier deposits, 133, 134 
Glaciers, 133 

Glass, angle of saw-tooth roofs, 871 
anti-glare, 1994 
corrugated, 1993 
crystal sheet, 1988 
data, on window glass, 1987-1994 
defects, 1989 

diffusion of light, 1825-1828 
factory ribbed, 1826 
figured, 1826 
figured rolled, 1990 
Florentine, 1826 
grades, 1988 
ground, 1826 
leaded, 1987 
maze, 1826 
mill-construction, 855 
mirrors, 1993 
Novus sanitary, 2022 
plate, 1989 
polished plate, 1989 
sizes of, 1990 
pressed prism plate, 1990 
qualities, 1988 
ribbed, 1993 

use in mill-construction, 859 
rough,1993 
sheet, 1988, 1989 
sizes, 1988, 1990 
skylight, 1993 
sound absorption, 1863 
specific gravity, 1922 
structural, 925-927 
tile, 1086, 2022 
types for lighting, 1826-1828 
ultra-violet, 1993 
vertical plates, 1992 
weight, 1922, 1993 
wire, 1990, 1993 
Glass tile, 1086 
Glazed bricks, 196! 

Glazing data, 1987-1994 
Glossary, 2169-2237 
Gneiss, 132 
compression, 296 
shear, 296 

specific gravity, 1922 
tension, 296 
weight, 1922 
Goetz cap, 891 

Gold, specific gravity and weight, 1922 
Goldsmith metal-lath, 1060 
Gondola car, dimensions, 2058 
Gothic style of architecture, 2199 
Government buildings, cost, 2029-2040 
Grand-stand construction, 1296, 1297 
Granite, 131 
angle of friction, 262 
compressive strength, 275, 277, 291, 
295, 296 


Granite, compressive strength, allowed, 

27-7, 299 

crushing strength, 291, 296 
fire-resistive properties, 912 
foundation blocks, 1956 
modulus, of elasticity, 296 
of rupture, 296 
shear, 296 

shearing strength, 296 
specific gravity, 296, 1922 
tension, 296 
weight, 296, 1922 
Granolithic flooring, 1075, 1076 
finishes, 1251 

Graphical analysis, arches, 325, 335 
bending moments, in beams, 342-345 
585, 670-683, 686-689, 700 
in pins, 461-464 
buttress, 313, 315, 317 
column formulas, 512 
deflection of beams, 670-676 
domes, 1541 
forces, 302-305 
friction, 261 
piers, 313-317 
retaining walls, 267-269 
roof-trusses, 1321-1392 
section, 350, 351 

shears and moments, continuous 
beams, 686-689 
vaults, 1550-1560 
walls, 317 

Graphite, specific gravity and weight, 
1922 

paint, 1986 
Grappier cement, 241 
Grate-areas, boilers, 1592-1595 
Grate, furnace, 1592 
surface, 1592-1595 
Gravel, 134, 136 
angle of repose, 265 
beds, 134 

concrete aggregate, 246-248, 1111, 
1115, 1117 
graded, 247 
cost, 249 

definition, 134, 136 
foundation-beds, 141 
roofing, 1394, 2007-2010 
safe loads, 141 
specific gravity, 1919, 1922 
weight, 265, 1922, 1955 
Gravel and felt roof-covering, weight, 
1394 

Gravel and sand data, 1969 
Gravel and slag roofing; 2007-2010 
Gravel ballast, specific gravity, 1919 
Gravity, center of, definition, 127, 305 
specific, of substances, 1918-1927 
(see also under material wantedj 
Gravity hot-water systems, 1624 
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Gray-iron castings, 414 

specific gravity and weight, 1923 
Grecian long measure, 34 
Greece, architecture of, 2199 
Greek letters, symbols, 123 
Green, wave-length, 1783 
Greenstone, specific gravity and weight, 
1922 

Grillages, beams, spacing, 185 
cantilever foundations, 168, 169 
column footings, 186, 187 
foundations, 169-172, 184, 185 
continuous girders, 669-691 
fulcrum, foundations, 170 
Grindstone, specific gravity and weight, 
1922 

Groin (Glossary), 2200 
Groined vaults, 1553-1557, 2200 
Guastavino tile arch system, 961 
Guastavino vaults, 1560 
Gum arabic, specific gravity and 
weight, 1922 

Gunite, column protection, 917 
Gun-metal, specific gravity and weight, 
1922 

Gunpowder, specific gravity and weight, 
1922 

Gunters' chain measure, 25 
Gusset-plates, truss joints, 1279, 1285, 
1291, 1438, 1468, 1469, 1472, 
1473, 1485 

Gutta percha, specific gravity and 
weight, 1922 

Gutters, conductor leaders, mill build¬ 
ing, 865 

proportioning, 2019 
saw-tooth roof, 871 
tin, 2003 

Gutter-strips, tin, cost, 2006 
Guys, wire, 441 

Gymnasium, illumination, 1809 
roof, 1010 
Gyplap, 1054 

Gypsteel, floor and ceiling-construction, 
968 

roof-construction, 1013 
Gypsum, internal conductivities, 1574 
roof-covering, weight, 1394 
specific gravity and weight, 1923 
Gypsum-block, 921 
partitions, 1044 

Gypsum column-protection, 940, 941 
Gypsum floors, 966, 967 
mortars, 922 

Gypsum partition tile 921 
Gypsum partitions, weight, 1117 
Gypsum plaster, weight, 1117 
Gypsum plaster boards, 921 
Gypsum tile and fillers, 986 
thickness, 922 
Gypsum wall-boards, 921 


Hackmatack, specific gravity and 

weight, 1923 

H beams, 385-392, 406, 407, 592, 593 
Bethlehem, data, 594 
load, tables, 385-392, 547-557 
properties of, 385-392 
Carnegie, load tables, 406, 407 
properties of, 406, 407 
load tables, 385-392, 406, 407, 547- 
557 

struts and columns, 528-581 
H columns, Bethlehem, load tables, 
547-557 

built-up, 510, 511, 524 
Carnegie, load tables, 558-567 
radius of gyration, 523 
rolled, 510 
Hair in plaster, 1970 
Hall, air changes, 1691 
illumination, 1809 
Hammer, drop, pile-driving, 193 
power, 231 

sheeting plank, 205, 206 
steam, pUe-drivirg, 193 

dimensions and weight, 207, 208 
Hammer-beam roof-truss, 1258, 1269- 
1273, 1365-1369 

Handball Court (American), dimensions, 
2084 

illumination, 1809 
Hand-rail, heights, 2061 
Hangers, 730 

box, 879, 881, 886, 888, 889 
duplex, 880, 885-887 
girder, 885 
Goetz, 888, 889 
ideal, 881, 882 
joist, 730, 731, 878, 881 
malleable iron, mill-construction, 879 
mill-construction, 879-890 
shelf angle, 884, 885 
stirrup, 882, 884 
Van Dorn, 882,887 
wall, 858, 878, 881, 889, 890 
Hankinson formula, stress, 639, 640 
Hard maple, hardness, 1972 
Hard-pan, 135, 141, 143 
foundation-beds, 141 
safe loads, 141 
Hardwoods, hardness, 1972 
Hftch, elevator, 1497 

r lill-construction, 864 
Haulage or transmission rope, 439 
Hauling, economical length, excavation 
1955 

Haunch, arch, 319, 326 
filling, 956 

Hawser-rope, 439, 442 
Hay, specific gravity and weight, 1923 
Haydite, 918, 984 
concrete blocks, 1044 



2274 


Index 


Hazel, white, hardness, 1972 
Headers (Glossary), 2202 
brick footings, 234 

framing details, 731, 836, 837, 850-852 
Heat, absolute, 1564 

British thermal unit, 33, 1564, 2097 
Charles’ law, 1568, 1569 
concrete fireproofing, effect on, 255, 
931, 950, 1038, 1039 
definition, 1562-1564 
entropy, 1568 
furnace ratings, 1635, 1636 
horse-power equivalent, 1565, 1592 
insulation, 2094 
intensity, 1563, 1564 
kinetic energy, 1564 
latent, 1565, 1566 
leakage, 1575 

around openings, 1576 
loss in buildings, 1579, 1580 
by infiltration, 1575 
measurement, 1561-1564 
mechanical equivalent, 1565 
of evaporation, 1565 
of liquefaction, 2097 
of the liquid, 1565 
sensible, 1565 
specific, 1564, 2097 
supplied by persons, lights, motors, 
machinery, etc., 1577 
thermometers, 1564 
total vapor, 1568 
transfer, 2097 

transmission, 1572-1573b, 2097 
through roofs, 1574 
to water, 1764 
vapor, total, 1568 
vaporization, 2097 
Heater-room, location, 861 
Heaters, hot-water, firing period, 1766 
Heating and ventilation, 1561-1676 (see 
also Ventilation) 
air changes in building, 1576 
air-conditioning, 1693 
air-ducts, design, 1667-1676 
air-line system, 1607 
blower system, 1657-1666 
boiler efficiencies, 1590 
heating surfaces, 1589 
book stacks, 2108 

chimney flues for Front Rank fur¬ 
naces, 1653 
chimneys, 1598-1601 
cold-air supply, 1648, 1649, 1657 
combustion and fuels, 1586-1538 
combustion rates for heating boilers, 
1590 

definitions, 1561-1565 
direct hot-water system, 1624-1632 
direct-indirect radiation, 1581 
direct radiation, 1580 


Heating and ventilation, direct steam 
system, 1601-1612 

estimating heating requirements, 
1570-1580 

fan system, 1657-1686 
fireplace throats and dampers, 1600 
fresh-air ducts, capacities and dimen¬ 
sions, 1649 

Front Rank furnaces, dimensions and 
capacities, 1652 

fuels and combustion, 1586-1588 
furnace heating, 1632-1657 
gravity-indirect system, 1620-1624 
gravity-warm-air furnaces, 1637-1657 
hot-air system, 1632-1657 
hot and cold system, 1661, 1662 
hot-blast system, 1657-1667 
data, 1660 

indirect heaters, 1662-1666 
hot-water system, 1624-1632 
radiators, 1581, 1582, 1585 
Treasury Department, 1625, 1626 
U. S. Government buildings, 1625- 
1628 

internal conductivities, building mate¬ 
rials, 1574a 

low-pressure steam system, 1612- 
1620, 1693-1699 

mains and branches, 1583, 1603, 1605, 
1606, 1608-1612, 1618, 1619, 

1625-1629 

Majestic Furnaces, capacities and 
dimensions, 1650, 1651 
metal area of grilles, 1642 
Mills’ system, 1604 
properties, of air, 1568, 1569 
of saturated steam, 1567 
radiating surfaces, walls and windows, 
1570, 1572, 1573 
radiation, 1580-1586 
radiators (see Radiators) 
rates of combustion for heating 
boilers, 1590 

rating of heating boilers, 1591 
register boxes, 1645-1647 
registers, 1639-1642 
requirements, estimating, 1570-1580 
residence, air changes, 1576 
hot-air system, 1632-1657 
hot-water system, 1624-1632 
temperatures, 1571 
saw-tooth roofs, 872 
specifications (see under each system) 
steam and hot-water boilers, 1589- 
1601 

steam system, 1565~1568, 1601-1624 
central fan heating, 1657-1667 
direct, 1601-1612 
Dunham differential system, 1608 
1612 

gravity system, 1620-1624 
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Heating and ventilation, steam system, 
one-pipe-gravity system, 1602- 
1604 

Paul system, 1607 
pipes (see Pipes) 
pressure drop, 1614 
specifications, 1693-1699 
two-pipe-gravity system, 1604-1607 
Warren Webster moderator system, 
1608, 1612 

structures, large, systems for, 1657 
symbols used, 1690 
tanks, 1741 
temperatures, 1571 
types of heating-boilers, 1595-1598 
unit heater, 1683-1686 
vacuum system, 1693-1699 
vapor system, 1606-1610, 1693-1699 
ventilating fans, 1676 
ventilation, 1686-1693 
Vento hot-blast heater data, 1664- 
1667 

warm-air furnace, 1632-1657 
workshop, 865, 867 
Heating water by steam coils, 1767 
Heat-loss, estimating rules, 1578, 1579 
Heat-transmission, through ceilings, 
1570 

through floors, 1570 
through roofs, 1570 
through walls, 1570 

Heat-transmitting surfaces, compari¬ 
son of, 1766 

Heavy timbers, mill-construction, 854 
Hemlock, beams, 651, 765, 767, 768, 770 
coefficients for, 752 
deflection coefficients, 1 54 
deflection of, 651, 654 
columns, crushing load, 485 
fiber-stresses, 493 
safe axial load, 494, 495 
safe loads, 485 
safe working stresses, 485 
compression, 485, 498, 654 
crushing strength across grain, 498 
joists, sizes and spacing, 833 
modulus of elasticity, 652 
safe loads, 485, 765 767, 768 
shearing stresses, 447, 842 
specific gravity, 1923 
stresses, 747, 842 1421, 1422 
weight, 1923, 1973 

Hempel calorimetric fuel determina¬ 
tions, 1587 
Hemp rope, 441-443 
Heptagon, 37 

Herringbone metal-lath, 1062, 1067 
Hexagon, 37 
Hickory, hardness, 1972 
specific gravity and weight, 1923 
Higbie lighting methods, 1824 


Hip-rafters, lengths and bevels, 90 
Hips, design of, 1412-1415 
Hoisting rope, 439, 442 
extra pliable, 439 
non-spinning, 439 
special flexible, 439 
Hoists, data, 2144-2146 
Hollow clay tile, internal conductivities, 
1574 

partitions, 1041 
Hollow metal trim, 1081 
Hollow partitions, 1050 
stud sizes, 1051 

Hollow tile, compressive strength, 287- 
289 

Holly, specific gravity and weight, 1923 
Holorib, 1018, 1019 

maximum-span table, 1019 
Homes, heating and ventilating require¬ 
ments, 1570, 1571, 1576 
Honey, specific gravity and weight, 1923 
Honeywell hot water heating system, 
1631 

Hooke’s law, beam formula, 586 
Hooks, for chains, 2145, 2146 
failure of, 2146 
Hoops, for water tanks, 1739 
Hopper-cars, dimensions, 2058 
Horn, specific gravity and weight, 1923 
Hornblende, 131 

specific gravity and weight, 1923 
Horne truss stress disgram, 1306, 1354 
Horse-power, 2142-2144 
boilers, 1590 
chimneys, 1702, 1704 
electrical, 1835 

heat equivalent, 1565 
fans, 1677 
pumps, 1736-1738 
raising water, 1736 
required to pump water through 1000 
ft of new pipe, 1738 
transmitted, by belting, 2142 
by shafting, 2143 
windmills, 1734 
Horse-stall, dimensions, 2058 
Hose and stan pipes, 864 
fire, 1739 

Hospitals, air changes, 1691 
elevators, 1495 

heating temperatures and ventilating 
requirements, 1570 
height limits, non-fireproof, 907 
illumination, 1809 
live floor-loads, 834 
refrigerators for, 2094 
reinf orced-concrete, 1108 
roof, 1010 

ventilation, 1570, 1688, 1691, 1692 
Hot and cold heating systems, 1661, 
1662 
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Hot-air heating, 1632-1657 
fuels, 1586-1588 

Hot-blast heating systems, 1657- 
1667 

example, 1659 
radiation, 1657 
Hotels, cost, 909, 2047 
elevators, 1494 

floors, fire-resistive (see Floors) 
floor-loads, live, 149, 834, 1515 
furniture, weight of, 149 
height limit, non-fireproof, 906 
live floor-loads, 149, 834, 1515 
refrigeration for, 2094 
roof, 1010 
temperature, 1692 
water consumption, 1754 
Hot-water heating system, 1624-1632 
radiation, 1580, 1581 
U. S. Government buildings, 1625, 
1626 

Hot-water pipes, insulation, 1771 
Hot-water supply, 1762 
House-drain, 1745, 1747 
House-sewer, 1745, 1747 
House-tanks, rectangular, 1744 
Howe trusses, 1260-1262 
stress-diagrams, 1356 
Humidifying-apparatus, 1658 
Humidity, temperature relation, 1689 
Hydrants, mills, 855 
Hydrated lime, 1966, 1967 

chemical properties and tests, 1967 
physical properties and tests, 1967, 
1968 

Hydraulic lime, 241 
Hydraulic ram, 1730 
Hydraulics, 1717-1745 

cast-iron bell and spigot-pipe, 1727 
sizes, weights and thickness for 
various pressures, 1727 
cost, of laying cast-iron water-piper, 
1728, 1729 

determining pipe diameter required 
for a given head of water, 1721 
pipe diameter in ratio to discharge, 

1723 

pipe joints, weights of lead and gas¬ 
ket, 1726 

pressure conversion in pounds per 
sq in, into head of water, 1719 
pressure per sq in for different heads 
of water, 1717 
pumps (see Pumps) 
safe pressures and equivalent heads 
of water, 1726 

velocities and discharges through 
straight pipes, 1722 
water, 1717 

water flow in house service-pipes, 

1724 


Hydraulics, water friction in pipes, 1725 
water-pressure, 1717 
Hydrogen, calorific value and weight, 
1588 

Hypsethros (Glossary), 2203 
Hyperbola, 38, 79 
problems on, 79, 80 
Hyperboloid of revolution, volume, 65 
Hy-Rib metal-lath, 1004 

I beams, 592-631 (see also Beams) 
anchors, 888 

bending moments, 336-346, 582, 585, 
1129 

Bethlehem, 376-384, 593 
loads, safe, 376-384 
properties of, 376-384 
buckling, of flange, 585 
of web, 595, 596 
Carnegie, 393-405, 593 
loads, safe, 393-405 
properties of, 393-405 
comparative data tables, 594 
concrete, 981 

connections, 600, 601, 608-612, 966 
for floor beams, 457 
standard, 608-611 
to cast-iron columns, 480, 481 
to wood joists, 733, 885, 886 
crippling of web (same as buckling of 
web) 

fire-proofing, 876-878, 931-949 
formulas, 595-599 
girders, 593 

nomographic chart, 596, 597 
properties of, 370-407 
radius of gyration, 523 
rolled, with cover-plates, 593 
saw-tooth roof-construction, 868, 871 
section-modulus, 614-631 
shearing values, 187 
shelf and bracket connections, 480, 
481 

standard connections for cast-iron 
columns, 482 
Waite’s concrete, 981 
Ice, manufacturing, 2099 
melting temperature, 1565 
specific gravity and weight, 1923 
Ice-hockey rink, dimensions, 2077, 2079 
Iceland spar, 131 

Ice-making, refrigerating machine, 2099 
Ideal post-cap, 882 
Igneous rocks, 131 
Illuminating-gas, 1717-1745 
piping, 1775-1780 
Illumination, 1781-1831 
calculations for, 1789-1793 
daylighting of interiors, 1815-1828 
diffusion of light through windows 
1825-1828 
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Illumination, direct lighting, 1812 
floodlighting, 1828-1831 
from rectangular windows, 1816-1819 
from 60° sloping windows, 1823 
from 30° sloping windows, 1822 
from vertical windows, 1820, 1821 
guide to reflecting equipment, 1794- 
1801 

indirect lighting, 1812 
library book-stacks, 2107 
lighting installation design, 1793- 
1803 

location of outlets, 1813 
measurement of, 1784, 1785 
mounting heights of lighting units, 
1813 

outlet location, 1813 
room index, 1790-1793 
saw-tooth roof-construction, 868, 871 
semi-indirect lighting, 1812 
sources of light, 1785-1789 
spacing of outlets, 1812 
standards for commercial interiors, 
1808-1811 

industrial interiors, 1803-1807 
wall and ceiling reflection factors, 
1802-1807 

Inca architecture, 2204 
Incan lescent lamps, 1785 
improvement in, 1786 
Incandescent lighting, wire calculations, 
1844 

Inch, equivalents, 25, 26 
Inch -pounds, 304 
Inclined plane, friction, 261 
Inclined strata, as affecting founda¬ 
tions, 146 

Incombustible materials, definitions, 
899 

Incrustation of boilers, 1766, 1767 
India, architecture of, 2204 
Indiana limestone, specific gravity and 
weight, 1923 

Indianapolis, Ind., rainfall intensity, 
1750 

Indirect radiation, 1580 
Industrial plants, structural steel data, 
1527 

Inertia, moment of (see Moment of 
Inertia) 

Infra-red, wave-length, 1781 
Insulating, boards, 1979 
Flax-Li-Num, 1066 
hair, 1980 

hot-water pipes, 1771 
mineral wool, 1980 
quilts, 1979, 1980 

sound and fire-resistance, 1068-1072 
Insulators, data, 1978-1981 
Insulators and conductors, electrical, 
1834 


Insul-glazed tile, 1083 
Insurance, during construction, 2160 
Intensity of stress, definition, 125 
Interior finish and trim, fire-resistive, 
1079-1087 

Interlocking rubber tiling, 2022, 2023 
Intrados, arch, 319 
Investigation of building site, 142 
Involution, arithmetic, 3 
Iodine, specific gravity and weight, 1923 
Ionic order of architecture, 2110, 2112 
Ionic volute, 2113 
Ireland, architecture of, 2205 
Iridium, specific gravity and weight, 
1923 

Iron cast (see Cast iron) 

cold-drawn, fire-resistive, 924 
galvanized, 2012, 2013 
properties of, 410 
specific gravity and weight, 1923 
wrought (see Wrought iron) 

Iron and steel mills, illumination, 1806 
Iron Wire, 435 

Isosceles triangle, center of gravity, 306, 

307 

Italian architecture, 2205 

Ivory, specific gravity and weight, 1923 

Jack, jacks, hydraulic, 225 
Jack-rafters, lengths and bevels, 90 
Jack-screws, 225 
shoring, 225, 226 
Jacket, furnace, 1633, 1634 
Jacksonville Building Code, assumed 
office-building floor-load, 152 
loads on foundation-beds, 143 
Jacksonville, Fla., rainfall intensity, 
1750 

Japan, architecture of, 2205, 2206 
Japans and dryers, 1982 
Jet method underpinning, 231 
Jewish long measure, 34 
Joint, rupture, dome, 1530 
Joint code, requirements for concrete 
aggregates, 1115 

stresses for reinforced concrete, 1120 
Joints (see under each subject) 
Joist-hangers, 885 (see also Hangers) 
Van Dorn, 882 
Joists (see Floor-joists) 
anchors, 888 
Bethlehem, 593 
bridging and framing, 852, 853 
steel, expanded, 973 
load-bearing capacities, 974, 975 
nailer, 974 
open web, 972 
load table, 975 
riveted, 456-458 
Rivet Grip, 974 
trussed, 593 
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Joists, steel, trussed steel, 593 
welded, 593 
welded bar, 972 
welded structural, 972 
wooden, maximum ceiling and attic 
span tables, 813 
maximum-span tables, 813 
size and spacing, 831 
weight, 833 

Tones and Laughlin Junior beams, 

593 

properties of, 408, 409 
steel piping, 209 
Joule, heat unit, 1564 
Junior beams, 593, 972, 976 
properties of, 977 

Juniper-wood, specific gravity and 
weight, 1923 

Jury, competitions, 2167 

Kalamein trim, 1080 
Kalman Steel Co., lath, 1060 
Kalmanlath, 1060 

Kansas City, Mo., rainfall intensity, 
1750 

Kaolin, specific gravity and weight, 1923 
Keene’s cement, 921, 1082 
Keene’s cement plasters, 1971 
Kent’s chimney formulas, 1702 
Kern, bending factor, 349 
definition, 349 
formula, 350 

Key, expanded-lath, 1060, 1061 
Key West, Fla., rainfall intensity, 1750 
Keyed beams, 633, 634 
Key', compound beams, 633 
Keystone, arches, 322-324 (Glossary) 
2206 

depth, cut-stone masonry, 324 
Rankin’s formula, 322 
Trautwine’s formula, 323 
Keystone hair insulator, 1980 
Kilowatt-hour, 1835 
Kinetic energy, 1564 
King-post truss, 1259 (see Roof-truss) 
King-rod truss (see Truss) 

Kitchen ranges, flues, 1600 
Kitchen sinks, 2057 
Knife-switch, 1850, 1851 
Knob and tube wiring, 1852 
Kraft-enamel tile, 1083 
Kraft-tile faience, 1083 

Labeled fire-window, 1095 
Lacing bars, 420 

Lackawanna steel sheet piling, 209 
Lacrosse field dimensions, 2076 
La Farge cement, 241 
Lag-screws, 1424, 1953, 1954 
LaRance, 253 
definition, 1243 


Lally columns, 505 
steel bases and gauges for, 50« 
Lamella roof-construction, 1280 
Laminated floors, 844, 847-849 
maximum spans, 847-849 
Lamps, arc, 1786 

brightness, 1783, 1784 
candle-power, 1783 
data, 1788, 1789 
gas-filled, 1785 
heat, emission, 1786 
incandescent, 1785 
improvement in, 1786 
in parallel, 1839 
in series, 1838 
Mazda, 1785, 1788 
mercury vapor, 1786, 1788, 1789 
tungsten, 1786 
vacuum, 1785, 1786 
Land measure, 2 7 
Lantern dome, 1530 
Lantern ring, dome, 1542 
Lapped splices, reinforced-concrete 
1229 

Larch, specific gravity and weight, 1923 
stresses, 842 
working stresses, 744 
Lard, specific weight and gravity, 1923 
Larssen sheet piling, 209 
Latent and sensible heat, 1565 
Lath, Armco ingot iron, 1058 
copper-bearing, 1058 
cup-kalmanlath, 1061 
Dickson, 1051 
key-expanded, 1060 
metal, 1060-1068 
Red Top, 1067 
self-furring key, 1061 
Toncan metal, 1058 
trussit expanded, 1063 
wooden, 1969 
Z rib, 1062, 1063 

Lath and plastering data, 1969-1972 
Latin architecture, 2207-2208 
Lattice bars, 518 
Lattice trusses, wood, 1265-1267 

uniformly loaded, dimensions of. 
1265 

Laundry-trays, dimensions, 2057 
Lava, 131 

specific gravity and weight, 1923 
Lava stones, crushing strength, 291 
Lavatories, dimensions, 2057 
Lawn-tenris courts, dimensions, 2080 
Laws, building (see Building laws and 
Codes) 

ventilation, 1693 
Lead, anchoring bolts, 245, 246 
bars, weight, 1929 
pipe, designation of, 1756, 1757 
sizes and weights, 1757 
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Lead, pipe, thickness and strength, 1758 
weight, 1748 
sash-weights, 2066 
sheet, weights and sizes, 1758 
specific gravity and weight, 1923 
Leaded glass, 1987 
Leaders, metal gauge, 1634 
pipe area, 1642, 1643 
proportioning, 2019 
Ledge stone, 235 
Length, unit of, 1561 
Lettering, classical, 2116-2119 
Lever, principle of, 304, 305 
Library, air changes, 1692 
book-stack, data, 2107, 2108 
illumination, 1809 
Lich-gate (Glossary), 2208 
Liens, 2161 
Light, arc, 1786 

brightness, 1783, 1784 
candle-power, 1783 
colors, 1783 

heat emission, 1570, 1577 
infra-red, 1781 
intensity of, 1786 
mercury vapor, 1786 
nature of, 1781 
searchlight, 1786 
sources of, 1785-1789 
brightness of, 1786 
ultra-violet, 1781 
Welsbach, 1786 
X-ray, 1781 

Lighting and illumination (see Illumina¬ 
tion) 

Lightning conductors, data, 2120-2122 
Lignite, composition by weight, 1588 
Lignum vitae, specific gravity and 
weight, 1923 

Lime, chemical properties and tests, 
1964, 1965 
chemical tests, 1965 
data, 1963-1968 
hydraulic, 241 

mortar, compressive strength, 276 
neat, 1968 

physical properties and tests, 1965, 
1966 

specific gravity and weight, 1923 
Lime plaster, weight, 1117 
Lime-mortar bricks, 1959 
Limestone, 132 
calcite, 131,1920 
calcium, 1920 

compressive strength, 275, 277, 295 
compressive tests, 292, 294 
crushing strength, 292, 296 
fire-resistive properties, 912 
modulus, of elasticity, 296 
of rupture, 296 
shearing strength, 296 


Limestone, specific gravity, 296, 1923, 
1924 

weight, 296, 1923, 1924 
Line, center of gravity of, 306 
geometrical problems, 66 
of fracture, arches, 330 
Linear measure, 25 
Gunter’s chain, 25 
metric, 31 

ropes and cables, 25 
Links, strength of chain, 444 
Linoleum, 1075 
plastic, 1075 

Linseed-oil, specific gravity and weight, 
1924 

Lintels, 319, 582-583 (see also Beams) 
Liquefaction, heat of, 2097 
Liquid measure, 27 
metric, 32 

Liquid soap systems, 1773-1775 
Lith-I-Bar system floor-construction,983 
Lithopone, 1982 
Live loads (see member loaded) 
definition, 126, 119, 831 
Load, loads (see also each member 
loaded; also Weight) 
assembly rooms, 1118 
building code specifications, 151-154 
classrooms, 1118 
coming on footings, 149 
courts and yards, 1118 
dead, definition, 126, 831 
for joists (wood), 776 
for rafters (wood), 776 
floor, 1118 

art galleries, 832 

assembly rooms, 1118 

churches, 832 

classrooms, 1118 

commercial buildings, 832, 833 

garages, 833 

human occupancy, 831 

industrial buildings, 832, 833 

lodging houses, 834 

manufacturing purposes, 833, 1118 

miscellaneous, 832 

museums, 832 

offices, 832 

printing-plants, 833, 1118 

reading-rooms, 832 

residences, 1118 

retail salesrooms, 833, 1118 

roofs, 1118 (see also Roof-tnuraes) 

school classrooms, 832, 1118 

stables, 833, 1118 

storage purposes, 833, 1118 

storehouses, 150 

theaters, 832 

wholesale stores, 833, 1118 
impact, definition, 582 
live, definition, 126 (see Live Loads) 
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Load, loads, masonry, 275 
maximum required by municipal 
building codes, 834 
minimum areas of support, 154 
on footings, 149, 155 
on foundation-beds, 149, 155,158-160 
sidewalks, 833, 1118 
various buildings and materials, 149- 
151 

workshop, 150 
yards and courts, 1118 
xioad center, electrical, 1844 
Loading chains, steel, 445 
Loam, 135 

Locker-rooms, illumination, 1805 
Locomotive, dimensions, 2058 
Locust, specific gravity and weight, 1924 
Lodge-room, illumination, 1809 
Lodging-houses, floor-loads, 834 
Loft-building, cost, 909 
live loads, 150 
Lombard architecture, 2209 
Long-span Porete slabs, 1009 
Los Angeles, Calif., school building 
costs, 2038 

Louisville, Ky., Building Code, assumed 
office building loads, 152 
loads on foundation-beds, 143 
Lounge, dimensions, 2056 
Louvres, 1283 

Low-pressure heating system, specifica¬ 
tions, 1693-1699 

Lumber (see also Timber; also differ¬ 
ent woods) 
asbestos, 923 
data, 1972-1978 
factory and shop, 718, 719 
framing, nominal sizes, 1973 
hardness, relative, 1972 
measurements, 1974 
metal, 593 
structural, 718, 719 
unit stress tables, 742-747 
yard, 718, 719 
Lumens, definition, 1785 
Luminous flux, 1783 
Lunch-room, illumination, 1809 
Lupton steel sash, 865 
Luxfer prism glass, 926 
Lypsum, 131 

McKieman-Terry pile-hammer, 208 
Macbeth lllnminometer, 1784 
Machine-shop, design, slow-burning, 868 
heating temperatures, 1570 
illumination, 1805 
live loads, 1514 
structural-steel data, 1527 
Machinery, heat emission, 1570, 1577 
vibration of, 895 

Machines, dynamo, electric, 1837 


Machines, refrigerating, 2099 
Magnesite, specific gravity and weight, 
1924 

trim, 1086 

Magnesium, specific gravity and weight, 
1924 

Mahler calorimetric fuel determination, 

J587 

Mahogany, specific gravity and weight, 
1924 

Mahon steel deck, 1017 
Mail-chute data, 2088-2090 
Mains and risers, heating, equalization 
tables, 1628 
Maltha, 2023 

Manganese, specific gravity and weight. 
1924 

Manila rope, 441-443 
working loads, 443 
Mansard roof, 1019 

Manufacturing-buildings, heavy, loads, 
834 

light, loads, 834 

Manufacturing-plants, loads, 1118 
Maple, flooring, 1074 

hardness, 1972 
weight, 1973 

Marble, compression strength, 275, 277, 
295, 296 

crushing strength, 292, 296 
fire-resistive properties, 912 
loads, safe, masonry, 275 
modulus, of elasticity, 296 
of rupture, 296 
shearing strength, 296 
sound-absorption, 1863 
specific gravity, 296, 1924 
tension, 296 
weight, 296, 1924 
Marble tile, 2022 
Marbleithic tiles or slabs, 2022 
Market, illumination, 1809 
Marks-T-roof-construction system, 1011 
Marl, specific gravity and weight, 1924 
Masonry, 1955, 1956 (see also Brick¬ 
work, Stonework, Walls, etc.) 
allowable pressure, 476 
angles of friction, 262 
arches (see Arches) 
bearing pressure allowable, 476-479 
bonding, 276 

building codes, 237, 238, 277, 301 
cement mortar, 240-242 
amount required, 245, 256 
Chicago building code requirements 
276 

classification, 1954 
coefficient of friction, 262 
compressive strength, 274, 476 
cost, 1956, 1961 
crushing strength, 279-286 
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Masonry, footings, 179-184, 232 
tensional strength, 182, 183 
measurement, 1956 
mortar for, 240-246, 256 
piers (see Piers) 

pressure allowed, 274, 277, 301, 476, 
1518 

safe working loads, 274-276, 301, 476 
specific gravity, 1924 
strength, 274-296, 476 
stresses in, 274 
thickness of walls, 236-240 
walls, 232, 234-240 
bearing stresses, 1473 
weight, 1924 

Masonry piers, strength of, 280-284 
Mass-concrete, strength, 274 
Mass-concrete piers, strength of, 280- 
284 

Mastic asphalt, 2024 
Mastic, gum resin, specific gravity and 
weight, 1924 

Materials, fire-resistive classifications, 
900-904 

of plumbing for industrial wastes, 
1753 

Mathematical signs and characters, 3 
Mathematics, practical, 3-5 
Mazda lamps, 1785, 1786, 1788 
for floodlighting, 1830 
Maze glass, 1826 
Measures, 25-35 
ancient, 34 

circular and angular, 30 
conversion tables, 33-35 
cubic, 27 
metric, 31 
dry, 27 
metric, 32 
Egyptian long, 34 
fluid, 28 
land, 27 

linear, metric, 3i 
liquid, 27 

metric system, 30-33 
miscellaneous, 26, 28, 34 
nautical, 26 

Roman long and weight, 34 
Scripture and ancient, 34 
surface, 27, 31 
time, 30 
value, 29 
volume, 27, 31 
weight, 28, 29 
metric, 32 

Mechanical drawing, 1874 
Mechanical refrigeration, 2097-2106 
Mechanical units, equivalent electrical 
values, 1562 

Mechanics, applied, definition, 124 
Mechanics of materials, terms used, 124 


Mediaeval architecture, 2209 
Meeting-halls, air changes, 1691 
Memphis, Tenn., rainfall intensity, 

1750 

Mensuration, 38-65 
definition, 38 
solids, 61-65 
surfaces, 38-61 

Mercury, specific gravity and weight, 
1924 

Mercury vapor lamps, 1788, 1789 
Mesopotamia, architecture of, 2210 
Metal caps, 858, 859, 891-896 
Metal data, nails and screws, 1947-1954 
weight tables, 1927-1946 
Metal fittings and equipment, 1098 
Metal furniture, 1098 
Metal furring, 1073 
Metal lath, 1058-1068 
Bostwick loop, 1059 
Clinton, 1064 
expanded, 1060-1063 
sheet metal, 1059 
shurebond, 1060 
Steeltex, 1065 
stucco, 1067 
Troff Kalmanlath, 1060 
wheeling arch, 1059 
wire, 1063 

Metal lath and plaster, fire-proofing, 944 
partitions, 1046 
Metal lumber, 593 

Metal raceways, electrical wiring, 1852 
Metamorphic rocks, 131, 132 
Methane, calorific value and weight, 
1588 

Metric system, 30-32 
conversion tables, 32-35 
Mexico, architecture of, 2210 
Mica, 131 

specific gravity and weight, 1924 
Mica-schist, 132 

Middle-third, theorem of, 235, 263 
arches, 235, 263, 335 
buttresses, 315, 318 
dome, 1542, 1544 
footings, 167 
retaining walls, 268 
vaults, 1550, 1551, 1557 
Milk, cooling by mechanical refrigera* 
tion, 2103 

specific gravity and weight, 1924 
Mill-buildings, 854-861 (see also Mill* 
construction) 

bridging and framing, 852, 853 
cost, 873 

floors, maximum spans, 844-849 
strength, 844 

structural steel specifications, 1511- 
1522 

wooden, 854-898 
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Mill-construction, area, 861, 873, 874, 
905 

belts, stairways and elevator towers, 
860, 861 

boiler plant, 861 
columns, fire-proofing, 931-949 
framing, 865 
wooden, 858 
conductors, 871 
cornices, 860, 865 
cost, 854, 873, 2028 
definition, 854 
doors, 897 
dry rot, 855 

elevator towers, 860, 864 
encasing of timbers, 859 
fire-proofing metal members, 876-878 
fire-protection, 864, 873, 874, 897 
fire-retardants, 855 
fire-safeguards, 855 
fire-shutters, 855, 860, 874, 897, 1095 
fire-stops, 855 

floor-construction, 844-851, 856, 862 
estimating, 1978 
framing (see Framing) 
maximum spans, laminated, 847- 
849 

matched and dressed, 844, 845, 
846 

planks on edge, 847-849 
old, strength of, 849, 850 
plank, 844-849, 856, 858, 862 
strength and stiffness, 724-890 
surfacing, 865 
warehouse, 873 

frames and shutters, 860,. 897 

framing, steel, 876-885 

general description, 854-856 

girder supports, 888 

glass, 855, 860, 861, 865, 868, 871, 874 

gutters, 865, 871 

hangers, 878-890 

heating, 865, 872 

height, of buildings, 873, 874, 906, 907 
of stories, 861 
hydrants, 855 
joist support, 888-890 
painting, 855, 859 
partitions, 855, 897 
pipes, 855, 860 
plumbing fixtures, 897, 898 
post and girder connections, 891-896 
post-cap and bases, 878-885,887, 891- 
896 

pumps, 855 

reinforced-concrete (see Reinforced- 
concrete construction) 
roofing materials, 857, 896, 897 
roofs, 856, 865, 868 
example, 865 
incline of, 856 


Mill-construction, roofs, materials (set 
Roofing, materials) 
timber framing, 861, 862 
walls, 864 
saw-tooth, 868—873 
scuppers, 862, 863 
shafting, 861 

sheathing, estimating, 1978 
shutters, 860, 897 
skylight, 861 
slow-burning, 854-898 
sprinklers, 855, 864, 873, 874, 875, 
897, 1097, 1100-1103 
stairways, 855, 860 

tower, 860, 864, 874, 875 
steam-pipes, 860 

stirrups, wrought-iron, 882, 885-888 

storehouses, 861-864 

structural details, 878-898, 1511-1521 

timbers, 855, 858, 859 

towers, 860, 864, 874, 875 

trusses, 868 

use of wrought-iron and steel columns, 
859 

varnish, 855 

ventilating, 865, 871, 872 
of timbers, 858 
walls, 856, 861, 864, 874 
weave shed, 868, 869 
windows, 859, 865, 868, 871, 874 
fire-guards, 855 
frames, 860 

Miller-precast unit floor-construction, 
982 

Milwaukee, Wis., rainfall intensity, 
1750 

school building costs, 2038 
Mineral oil, composition by weight, 1588 
Mineral tar, 2023 
Mineral wool, data, 2024, 2025 
deadeners, 1980 
Minerals, forming rock, 130 
Minneapolis, Minn., building code, 
loads on foundation beds, 143 
office-building assumed loads, 152 
Mirrors, 1993 

Miscellaneous data, A. I. A. documents, 
2150-2167 

asphaltum, 2023, 2024 
athletic fields and courts, 2072-2088 
bells, dimensions of, 2147, 2148 
belting and shafting, 2142-2144 
bitumen, 2023, 2024 
bricks and brickwork, 1956-1963 
building costs, per sq ft, 2050, 2051 
building depreciation, 2052-2054 
building felts, 1970-^1981 
building papers, 1978-1981 
capacities of churches, theaters, 
opera-houses and cathedrals 
2063-2071 
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Miscellaneous data, chain blocks, hoists, 
hooks, etc., 2144-2146 
classical moldings, 2108 
classical orders, 2109-2119 
clock-face dimensions, 2106, 2107 
cooling room construction, 2095 
cost estimating of buildings, 2026- 
2049 

cost of elements of building, 2048, 
2049 

dimensions and data, architects’ 
drawings and specifications, 2056 
estimating seating capacities, 2068 
excavating, 1954, 1955 
force of the wind, 2133 
foundation, water-proofing, 2123- 
2132 

gears, 2142-2144 
horse-power, 2142-2144 
library book-stacks, 2107, 2108 
lightning-conductors, 2120-2122 
lime, 1963-1968 

lumber and carpenter’s work, 1972- 
1978 

mail-chutes, 2088, 2089, 2090 
mechanical refrigeration, 2097-2106 
mineral wool, 2024, 2025 
nails and screws, 1947-1954 
paint and varnish, 1981-1987 
plaster lath, lath, and plastering, 
1969-1972 

pre-war building costs, New York 
City, 2029 
pulleys, 2142-2144 
quantity system, cost estimating, 
2054-2056 

quilts and insulators, r>78-1981 
refrigerators, 2090-2094 
roofing memoranda, 1994-2024 
sand and gravel, 1969 
sash-cords, weights and pulleys, 2063 
seating space, 2067 
specific gravity, various substances, 
1918-1927 

stair-treads and risers, 2061 
stonework, 1955, 1956 
symbols for the apostles and saints, 
2149 

tiling memoranda, 2020-2022 
tower clocks, 2106, 2107 
vacuum-cleaning, 2122, 2123 
window glass and glazing, 1987-1994 
wind-stresses in tall buildings, 2133- 
2141 

wire gauges and metal data, 1927- 

1946 

Mission architecture, 2211 
Modulus* section (see Section-modulus) 
Modulus of elasticity, 126,416, 485, 487 
brick piers, 280-284 
concrete, 1122, 1123 


Modulus of elasticity, definition, 126 
notation symbols, 122 
steel, 416 

Modulus of rupture, definition, 126 
Mogul architecture, 2211 
Moldings, classical, 2108, 2109 
plaster, 1972 

Mold lofts, live loads, 1514 
Molds, concrete, 1167, 1174 (see Con¬ 
crete, forms) 

Molybdenum, specific gravity and 
weight, 1924 

Moment, bending (see Bending mo¬ 
ments) 

equation of, 336 
definition, 127, 303 
principle of, 303-306, 315, 336 
Moment of force, 127, 303, 336 
Moment of inertia, 346, 347 
angles, 363-365 
areas, 348 
beams, 370-375 
Bethlehem, beams, 376-384 
girder beams, 385-392 
Carnegie beams, 393-405 
Channels, 366-369 
compound shapes, 352, 358 
geometrical figures, 351 
miscellaneous beams, 406, 407 
notation, 122 

rectangles, tables, 361, 362 
standard angles, 263-265 
steel joists, 408, 409 
structural shapes, 346-409 
Moment of resistance, 346-409 
flexure formula, 348, 349, 583, 584 
Monastic architecture, 2213 
Money, United States, 29 
Monitor, 1283 

Monolithic buildings, exterior finishes. 
1249 

Moorish architecture, 2213 
Mortar, adhesive strength, 245 
aggregates, 246-248 
artificial, 241 
brickwork, 285, 286 
cement, 240-246 
compressive scrcugth, 276, 297 
fire-resistance, 921, 922 
floor-tile, 951 
for plastering, 245 
freezing effect, 245 
grouting, 234 
hair in, 1970 
hydrated lime, 1966 
hydraulic lime, 241 
lime, compressive strength, 276 
mixing cement, 245 
natural cement, 240 
compressive strength, 276 
partition blocks, 1042 
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Mortar, Portland cement, 241,242, 244- 
245 

compressive strength, 276 
quantity required, 245, 256 
specific gravity and weight, 1924 
stone walls, 235, 236 
strength of, 286 
tests, 276 

water required, 244 
weight, 1924 

Mortuary refrigerators, 2094 
Mosaic, 2023 (see also Tile) 
ceramic, 1084, 2021 
Florentine, 2021 
Roman, 2021 
terrazzo, 2023 
Mosaic Kxaftile, 1086 
Moslem architecture, 2213 
Motion, definition, 124 
rate, 1562 

Motors, electrical, 1837 
for elevators, 1504, 1505 
for fan drive, 1657 
heat emission, 1570, 1577 
Mould, 135 

Moving-picture theater, illumination, 
1809 

ventilation, 1688, 1691 
Mud, 135 

specific gravity and weight, 1924 
Mulberry-tree, specific gravity and 
weight, 1924 

Mullion, Munion (Glossary), 2213 
Multibladed fan, 1676 
Museum, illumination, 1809 

Nailer ete roof-construction, 1013 
Nailer steel joist, 974 
Nailing concrete, roof, weight, 1394 
Nails, comparative holding power, 1949 
cut steel, 1950 

sizes, lengths and number per 
pound, 1950 

requirements for different work, 1950 
steel wire, 1951 

size, length, gauge and number per 
pound, 1951 

Nails and screws, data, 1947-1954 
Naphtha, 2023 

Naphtha oil, wood, specific gravity, 
1924 

Natco face tile, 1083 
Natco New York reinforced tile floor- 
arch, 960 

Natcoflor floor-construction system, 
987 

National Board of Fire Underwriters, 
masonry load, 301 

National Electrical Code, 1852, 1853 
National Lumber Manufacturers* Asso¬ 
ciation. 840 


Natural cement, 240, 241 

concrete, 241, 276, 29/ 
mortars, 297 

compressive strength, 29? 
production, 240 
properties of, 240 
strength, 241, 297 
weight, 241 
where used, 240 
Natural gas, 1776 
Nautical measures, 26 
Neat lime, 1968 
Needling, 226-231 
brick wall, 228, 229 
figure-four method, 230 
insertion of, 228 
removal of needles, 230 
Nelson invisible radiator, 1584, 1585 
Neo-classic architecture, 2214 
Neponset red rope sheathing and roof¬ 
ing, 1981 

Netherlands, architecture of, 2214 
Newark, N. J., building code, loads on 
foundation-beds, 143 
office-building assumed load, 152 
New England clapboards, 1978 
New Orleans, La., building code, office¬ 
building assumed load, 152 
rainfall intensity, 1750 
New York, N. Y., building code, bearing 
pressure on masonry, 477-479 
brick-wall thickness, 237, 238 
cast-iron column, load, 504 
allowable stress, 500 
column formula, timber, 493 
Clow-national cast-iron columns, 
load, 504 

fire-resistive classification, 900 
fire-resistive floor-construction, 949 
loads on foundation-beds, 143 
masonry loads, 277 
office-building assumed load, 152, 
153 

pressure allowed on various mate*, 
rials, 277 

skeleton construction, 240 
steel column, stresses, 513-515 
thickness of walls, 237, 238 
wood framing, allowable stresses, 
751 

rainfall intensity, 1750 
school building costs, 2038 
Nickel, specific gravity and weight, 1925 
Nomographic chart, for beam loads, 596, 
597 

Nonagon, 37 

Non-fireproof Construction, limitations 
of area, 905 

limitations of heights, 906, 907 
Non-metallic sheathed electrical cables, 
1852 
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Non-spinning hoisting-rope, 439 
Norfolk, Vs., rainfall intensity, 1750 
Norse-American architecture, 2215 
North-African architecture, 2215 
Norway pine (see also Beams) 
columns, crushing load, 485 
safe working stress, 485 
Notation, mathematical, 122, 123 
Novus sanitary glass, 2022 
Nozzles, fire-hose, 1739 
roof, 898 

Nuts and bolt-heads, 1943*1946 
method of determining sizes, 1943 
standard dimensions, 1944 
weights, 1945 

Oak, beams, 651, 768, 771 (see also 
Beams) 

coefficient of, 752 
deflection coefficient, 654 
column, crushing load, 485 
fiber-stresses, 492, 493 
safe axial load, 494, 495 
safe loads, 486 
safe working stress, 485 
flooring, 1074 
hardness, 1972 
jois’ ’uzes and spacing, 833 
moduius of elasticity, 652 
safe stress in shear, 447 
specific gravity, 1925 
stresses, 1421, 1422 
weight, 1925, 1973 
working stresses, 747 
Obsidian, 131 
Occulus, dome, 1530 
Ochre, specific gravity and weight, 1925 
Octagon, 37 

Office-building, building code, load 
requirements, 151-153 
cost, 909, 2029, 2032, 2047 
illumination, 1809 
live loads, 834, 1515 
structural-steel specifications, 1511- 
1522 

water-consumption, 1754 
Offices, illumination, 1805 
live loads, 1118 
Offset footings, 166-168 
Ohm, 1833 
Ohm's Law, 1833 

Oil, mineral, composition by weight, 
1588 

as fuel, 1588 
Oilgas, 1775 

Olive oil, specific gravity and weight, 
1925 

Omaha, Neb., rainfall intensity, 1750 
Oolitic atones*, specific gravity and 
weight, 1925 

Opal, specific gravity and weight* 1925 


Open-hearth steel process, 415 
Opening protectives, exterior wall 
openings, 1093-1098 
fire-doors, 1088-1093 
fire-resistive, 1088-1098 
fire-windows, 1095 
sash, hollow metal, 1097 
metal-covered, 1095 
solid steel, 1095 
shutters, 1094, 1095 
water curtains, 1097 
Openings, protected, 1088-1098 
Open sprinklers, 1095 
Open web steel joist, 972 
Opera-houses, capacities of, 2068-2070 
European, 2068 

Opera or theater chair data, 2067 
Orange light, wave-length, 1783 
Orange-tree, specific gravity and 
weight, 1925 

Orders, classical, of architecture, 2109- 
2115 

Oregon pine (see Douglas fir; also 
Beams) 

Oriel window, definition, 2244 
Ornamental timber roof-trusses, 1267— 
1276 

Orthographic projection, 1874, 1875 
Orthography, definition, 2215 
Orthostyle* definition, 2215 
Osborn, conventional rivet signs, 451,. 
452 

Ottawa sand, 241, 247, 1113 
Outside temperatures, various cities, 

1571 

Owner, competitions, 2167 
Owner's liability insurance, 2160 
Oylet, definition, 2215 

Pacific Coast building code, loads on 
foundation-beds, 143 
office-buildings, assumed loads, 153 
Paint, painting, 1981-1987 
carbon,1986 

cement and concrete, 1987 
colloidal, 1982 
copper, 2018 
dat£, 1981-1987 
driers, 1982 
enamel, 1984 

fire-retardant, 927, 929, 930 
ingredients of, 1982 
inside, 1984 

mill-construction, 855, 859 
old work (repainting), 1985 
outside, 1983 
paints, 1981-1983 
pigments, 1981, 1984 
plastered walls, 1985 
priming, 1983 
radiators. 169’ 
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Paint, repainting, 1985 
steelwork, 1520, 1521,1524,1989, 1987 
timbers, 855, 859 
tin roof, 2000, 2001, 2002 
varnish, mill-construction, 855, 1981, 
1984, 1986 
vehicle, 1981 

Paint-shop, heating temperatures, 1570 
Palladium, specific gravity and weight, 
1925 

Panel wall, 1220 
Pantograph (Glossary), 2216 
Pantry-sink, dimensions, 2057 
Paper, building, 1978-1981 

specific gravity and weight, 1925 
Paper-mills, structural-steel data, 1527 
Parabola, 38 

center of gravity, 307 
problems of, 79 

Parabolic formula, for columns, 487, 489 
Paraboloid of revolution, volume, 65 
Paraffin, specific gravity an d weight, 1925 
Parallel, 36 
Parallel axis rule, 347 
Parallel forces, 304 
Parallelogram, 37, 39 
of forces, 303 

Parapet, reinforced-concrete, 1213-1221 
walls, 1219 

Parapet and roof walls, mill-construc¬ 
tion, 864 

Parchment waterproof sheathing, 1981 
Pargeting (Glossary), 2216 
Parthian architecture, 2217 
Partitions, 897 
brick, 1038, 1039 
concrete, 1044, 1046, 1047, 1048 
double, 1050, 1051, 1068 
fire-resistive, 1038-1058 

American Clip-on system, 1056 
Burson system, 1055 
concrete, 1043 
gypsum blocks, 1044 
hollow, 1050 
hollow clay-tile, 1041 
metal lath and plaster, 1046 
partition walls, 1039, 1040 
requirements, 1038 
shaft construction, 1057 
Simplex, 1055 
solid, 1046 

stud spacing table, 1048 
stud thickness table, 1048 
tests, 1039 
types, 1039 

wall and plaster board, 1051 
fire-tests, 1039, 1055 
gypsum block, 1044 
heating ducts, through, 1634 
hollow tile, 914, 1040, 1041 
metal lath, 1046-1051, 1058-1068 


Partitions, mill-construction, 855,897 
minimum fire-resistive, 1040 
non-bearing, mill-construction, 897 
plaster and metal, weight, 1046 
radiators within, 1584 
rib stud, 1063 

solid plaster, 1046, 1049, 1056, 1057 
sound-proofing, 1051 
sound-reduction factors, 1070 
terra cotta, 1040-1043 
trussed, 734, 735 
types, 1039 
wooden, 728, 733-735 
Party wall, 239 

Passenger coaches, dimensions, 2058 
Passenger station, Rochester, N. Y., 
roof-truss, 1293 
Patent rights, payment, 2155 
Patera (Glossary), 2217 
Patterns, castings, 1939 
Paul, air-line heating system, 1607 
Pavement-prisms, 1992 
Pavements, asphalt, 2024 
bituminous sandstone, 2024 
Paving bricks, 1958 
Payments, on contract, 2159 
Pear-tree wood, specific gravity and 
weight, 1925 
Peat, 135 

specific gravity and weight, 1925 
Peat charcoal, composition by weight, 
1588 

Pedestal-pile, 200 
Peerless radiator, 1581 
Pendulum hanger, for trusses, 1285 
Pentagon, 37 

Pent-house, definition, 2244 
Perch (Glossary), 2217 
Perimeter, 37 

triangle, center of gravity, 306 
Periptery (Glossary), 2218 
Peristyle (Glossary), 2218 
Persian architecture, 2218 
Persons, heat-emission, 1570, 1577 
Perspective drawing, 1874, 1875 
Petit truss, 1353 
Petroleum, 2023 

Petroleum oil, specific gravity and 
weight, 1925 

Philadelphia, Pa., building code, bear¬ 
ing pressure on masonry, 277 
brick-wall thicknesses, 237, 238 
column formula, 493 
loads on foundation-beds, 143 
masonry loads, 277 
officebuildings, assumed loadt- 
- 153 

steel columns, stresses, 513-515 
wood framing, stresses, 751 
wrought and cast-iron * columns 
stresses, 500 
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Philadelphia, Pi. rainfall intensity, 1750 
school building costs, 2038 
Philippine hardwood, flooring, 1074 
Phoenix beams, properties of, 407 
Phosphorus, in steel, 416, 418 
Piano, dimensions, 2057 
wire, size and strength, 436 
Pier, piers, arch, 319 
bending moment, 179 
brick, 276, 277 
bond stones, 278 
compressive strength, 280-284 
safe loads, 275 

safe strength, 276, 277, 280-284 
caisson, 218 
center of gravity, 314 
footings for, 163, 164, 179-181, 186 
foundations, 129, 203 
line of pressure, 314 
line of resistance, 314 
on concrete and wooden piles, 191-194 
grillage, 184, 185 
masonry, strength of, 280-284 
mass-concrete, strength of, 280-284 
pneumatic-caisson method, 216, 218 
reinforced-concrete, 1188 
stability, 311-318 
stone, 279 

strength of, 280-284 
terra-cotta, 286 
thrust, 311, 312 
Pigments, 1981 

Pignut hickory, hardness, 1972 
Pile-drivers, 193, 205-209 
Piles, built-up, method of driving, 201 
cast-iron shoe, 193 

comparison, wooden with concrete, 
201 

concrete, 199-203 
advantages of, 201 
calculating reinforcement, 202 
casting, 201 

comparison with wooden, 201 
durability of, 199 
pedestal pile, 200 
Raymond method, 199 
safe loads, 202 
Simplex method, 200 
under walls, 202 
driving, 201 

depths, and number of drives, 204 
durability, 199 

Engineering News formula, 196 
iron pipe, 202 

protection from teredor or shipworm, 
193 

Raymond, 200 

reinforced-concrete, strength, w. 
wooden, 199 

sheeting, manner of. driving, 206 
Simplex, 200 


Piles, steel sheet, 209-214 
wooden,188-198 
bearing power, 196 
bearing value tables, 459 
bending moment table, 460 
capping, 194, 195 
concrete, 194, 200 
timber grillage, 194 
driving, 192, 193 
durability of, 199 
kinds of wood, 192 
maximum loads, 192 
municipal requirements, 192 
safe loads, 192, 197, 198 
spacing, 193 
specifications, 194, 195 
strength, vs. concrete, 199 
under piers, 201 
woods used, 192 
Piling, sheet, 204-211 
Pine, hardness, 1972 

joists, sizes and spacing, 833 
lattice truss, 1265 

long-leaf yellow, column, crushing 
load, 485 

safe working stress, 485 
modulus of elasticity, 652 
short-leaf, column, crushing load, 485 
safe working stress, 485 
specific gravity and weight, 1925 
stresses, 842, 1421, 1422 
weight, 1925, 1973 
working stresses, 745, 747 
yellow, flooring, 1074 
Pine beams, 651, 766, 768 
coefficient of, 752 
columns, fiber-stresses, 492, 493 
safe axial loads, 494-496 
safe loads, 485 
deflection coefficient, 654 
Pins, bearing value, 459, 460 
bending moment table, 460 
bending stresses, 1427, 1428 
trusses, 423-464 
Pintle, cast-iron, 858, 859 
Pipe, pipes (see also Ducts) 
areas, 1752 

block-tin, weights and sizes, 1759 
brass, expansion of, 1772 
capacity, 1719, 1751 
cast-iron, 1726-1729, 1772 
expansion of, 1772 
conduit, 1852 
corporation, 1727 

correct sizes, lengths and outlets, 
house, 1779 

coverings, 1697, 1771, 2025 
drain, 1745, 1747, 1750 
equation of, 1759 
expansion of, 1771, 1772 
flow of water* 1719 
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Pipe, friction in, 1725 
frost-proofing, 1741 
furnace, 1634, 1635, 1637, 1642, 1643 
gas, 1775-1780 

hot-water supply, 1762, 1767, 1768 
insulation, 1697 
lead, drainage, weight, 1748 
thickness and strength, 1758 
weights and sizes, 1748, 1757 
lead-lined, 1756 
piles for foundations, 202 
pumps, 1737 

sewer, 1745, 1747, 1749, 1750, 1753 
capacity, 1751 
sheet metal, 1670, 1671 
smoke, 1634 
soil, 1745, 1747-1749 
weights and sizes, 1749 
steel, expansion of, 1772 
supply, 1730, 1735, 1755, 1756, 1762, 
1768, 1769 
symbols, 1690 
tin-lined, 1756 
vent, 1745, 1747 
waste, 1745, 1748 
wrought-iron, expansion of, 1772 
Pip© chaises, fire-proof building, 945 
Pipe coils, 1581, 1582 
Pipe columns, 505, 508 
Pipe coverings, 1697, 1771, 2025 
Pitch, specific gravity and weight, 1925 
Pitch of roof, 1006, 1008, 1254, 2007 
Pitch of spiral column reinforcement, 
1189 

Pitch-gravel roof, 2007-2010 
Pitch-slag roof, 2007-2010 
Planceer (Glossary), 2220 
Plane, 36 
incline, 261 
Plank floors, 844-849 
Plaster, brown coat, 1969, 1970 
cornices and moldings, 1972 
drawn work, 1970 
fire-resistive, 921 
gypsum, 920, 921, 1117 
hard wall, 1970, 1971 
hydrated lime, 1966, 1967 
improved wall, 1970 
internal conductivities, 1574a 
Keene’s cement, 1971 
machine-made, 1970 
measuring, 1971 
mix, 922 

mortar for, 245, 1970 
putty coat, 1970 
sand finish, 1970 
scratch coat, 1970 
skim coat, 1970 
sound-absorption, 1863 
wall, 1970 

white coat or hard finish, 1970 


Plaster and metal partitions, weight of, 

' 1046 

Plaster blocks, 921, 1044 
internal conductivities, 1574 
Plaster lath, lath and plastering data, 
1969-1972 

Plaster of Paris, specific gravity and 
weight of, 1925 

Plaster-saver expanded lath, 1062 
Plastered walls, painting, 1985 
Plastic linoleum, 1075 
Plate, base forms of, 476 
bearing, 475 
pressure on, 476 
cast-iron, 858 
weights of, 1942 
cover, riveted joints, 456, 457 
roof deck, 1014 
steel, 419, 420 

punching effect, 381, 382, 449 
wall (see Wall-plates) 

Plate and angle columns, 511, 523, 
524 

connections, 525, 526, 527 
moment of inertia, 357, 358 
radius of gyration, 523 
tables, 568, 575 
Plate girders, 695-716, 1518 
bearing stiffeners, 695 
buckling, 695 

construction details, 696-698 
cover-plates, 695, 699, 700 
definitions, 695 
deflection, 703 
flange angles, 695 
flange plates, 695 
flanges, 698-702 
general considerations, 695 
intermediate stiffeners, 695 
method of design, 702, 703 
section-modulus table, 709-716 
splices, 702 
stiffener angles, 695 
types, 695 
web, 696, 697 
web-plate, 695 
Plate glass, 1989 
Platform slabs, 976 

Platinum, specific gravity and weight! 
1925 

Plenum chamber, 1688 
Plough steel wire, gauge and strength, 
436 

Plumbago, specific gravity and weight, 
1925 

Plumbing, 1717-1780 

boiling point of water, 1764 
comparison, heat transmitting sur¬ 
faces, 1766 

drinking-water supply for building* 
1768 
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Plumbing, expansion of hot-water pipes, 
1771, 1772 

expansion of water, 1765 
house-drain, 1745 
sizes, 1750 
house-sewer, 1745 
intensity of rainfall, 1750 
lead pipe, sizes and weights, 1748 
liquid-soap systems, 1773-1775 
pipe (see Pipe) 
areas, 1752 
data, 1751-1762 

proportioning mains and branches, 
1760, 1761 

sewer-pipe, carrying capacity, 1751 

size of leaders, 1752 

soil-pipe, weights and sizes, 1745, 1749 

soil-stacks, 1745 

stacks, 1745 

swimming-pools, 1769 

testing plumbing systems, 1775 

traps, 1745 

vent-pipes, 1745 

vent-stacks, 1745 

waste-pipes, 1745 

waste-stacks, 1745 

water consumption in buildings, 
1753-1756 

water heating data, 1762, 1763 
water required for various purposes, 
1758 

water seal, 1745 
water sterilizing, 1770, 1771 
water temperatures for various ser¬ 
vices, 1767 

Plumbing fixtures, dimensions, 2057 
Plumbing systems, drainage system 
tests, 1775 
smoke test, 1775 
testing water-supply pipes, 1775 
Plunger pumps, 1730, 1731 
Plutonic rock, 131, 132 
Pneumatic caisson, 216-218 
water-supply, 1735 
Podium (Glossary), 2220 
Point, 36 
Pole-point, 313 

Poling-board steel sheathing, 213 
Polished plate glass, sizes, 1990 
Polygon, definition, 36 
equilibrium, 303, 304, 327-329, 333, 
1305 

factors for determining elements, 40 
forces, 303, 1304 
Polyhedrons, regular, 63 
Polytriglyph (Glossary), 2221 
Poplar, hardness, 1972 

specific gravity and weight, 1925 
weight, 1925, 1973 

Porcelain, china, specific gravity and 
weight, 1925 


Porete, 918 

floor system, 984 
roof tile, 1009 

Porphyry, specific gravity and weight, 
1925 

Portland, Ore., building code, loads on 
foundation-beds, 143 
office-buildings, assumed loads, 153 
Portland cement, 241-243 
adhesive strength, 245 
chemical limits, 242 
composition, 241 

concrete, reinforcement, 1109, 1110 

concrete-blocks, 239 

cost, 244 

defined, 242 

fineness, 242, 243 

manufacture, 241, 242 

mixing, 244 

mortar, 244 

compressive strength, 297 
proportions, 242, 256-258 
specific gravity and weight, 1920 
quantities in concrete, 256, 257, 258 
setting time, 243, 1109 
soundness, 242, 243 
specific gravity, 243, 1109, 1920 
specifications, 242, 1109 
strength, 243, 245, 252, 1109 
tests, 245, 246, 297, 1109 
weights, 242, 1920 
Portugal, architecture of, 2221 
Post-cap, 891, 895, 896 
Duplex, combination, 880 
four-way, 878 
Ideal, 882 
Star, 882 
steel, 882 
Van Dorn, 882 

Post-hole diggers, foundation-bed test¬ 
ing, 144 

Posticum (Glossary), 2221 
Post-office building, illumination, 1809 
Posts (see Columns; also Beams) 
Potash, specific gravity and weight, 
1925 

Potassium, specific gravity and weight, 
1925 

Pound-feet, 304 
Pound-inches, 304 
Power, definition, 1562 
Power and energy, relation between, 
1565 

Power-hammer, underpinning, 231 
Power-houses, live loads, 1514 
structural-steel data, 1527 
Power-plants, illumination, 1806 
Pratt truss, 1349, 1350, 1400, 160$ 
1407 

Pressed prism glass, 1990 
Pressed prism plate glass, 1990, 1991 
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Pressure, barometric, 1563 
conversion, 1718 
earth, 204, 211 
gauge, 1562 
measurement of, 1562 
Pretest underpinning method, 231 
Printing-plant, live loads, 1118 
Prism, 38, 62 

shades and shadows, 1877, 1878 
Prism glass, 1827, 1990-1992 
fire-proofing, 925-926 
Prismoid, quadrangular, 62 
Prisons, air changes, 1691 
Product of inertia, 347 
Professional buildings, elevators, 1495 
Professional practice, A. I. A., 2151 
Programme, competitions, 2167 
Pseudo-classic architecture, 2222 
Pseudo-dipteral (Glossary), 2222 
Public buildings (see Federal buildings) 
Pulley, arrangement of, 2143, 2144 
data, 2142-2144 
sash, 2063 
size and speed, 2142 
Pumice, 131 

specific gravity and weight, 1925 
fumps, 1730, 1731 
air lift process, 1734, 1735 
capacities, 1733 
centrifugal, 1743 
deep wells, 1730, 1731 
fire-pumps, capacities, 1743 
mill-construction, 855 
piping, 1737 
plunger, 1730, 1731 
pneumatic system, 1735 
private water-supply, 1730 
safe suction lifts, 1737 
single-action, capacity of, 1733 
slip, 1561 

steam-driven, 1743 
vacuum, 1610, 1611 
size, 1602, 1611 
water, 1730-1738 

Punching, effect on steel plates, 416, 
417, 449 

Purlins, 735, 1254, 1393, 1514 
design of, 1415-1420 
oblique stress, 1415, 1416 
Sloping roofs, 588 
spacing, 867, 1409 
steel, 1519 

stress tables, 1418, 1420 
tie-rods, 1417 
wooden, 1454 
weight of, 1393 
workshop, 867 
Puzzolan* (Glossary), 2222 
cement, 243 
Pyramid, 38 
center of gravity, 307 


Pyramid, frustum, 38 
shades and shadows, 1877, 1878 
surface area, 61 
volume, 64 
vertex, 38 
volume, 64 

Pyrobar precast roof-construction, 1012 
Pyrofill monolithic floor-construction, 
971 

Pyrometers, 1564 
Pyrono process trim, 1086 
Pyx (Glossary), 2222 

Quadrangular prismoid, 62 
Quadrangular truss, 1283, 1350, 1352 
Quadrilaterals, 37 
center of gravity, 306, 307 
Quantity system, cost estimating, 2054- 
2056 

Quarry tile, 1085 
Quartz, 130 

specific gravity and weight, 1925 
Quartzite, 132 

Queen truss, 1260 (Glossary, 2223) 
Quicklime, data on, 1968 
specifications, 1964 
Quicksand, 132 
excavations in, 137 
foundation-beds in, 137, 141 
pockets of, 137 
safe loads, 141 
Quick-setting cements, 244 
Quilts, data, 1978-1981 
insulating and deadening, 1979 
Quince-tree wood, specific gravity and 
weight, 1925 
Quoins (Glossary), 2223 

Racquet courts, illumination, 1810 
Radial brick chimneys, 1707-1709, 1713 
1714 

Radiation, 1580-1586 

vs. hot-blast heating, 1657, 1658 
Radiators, 1581-1586 
air removal, 1607 
cast-iron, 1581-1584 
concealed, 1582, 1584, 1585 
connections, 1581, 1601, 1602 
direct, 1581, 1585, 1601, 1602 
direct-indirect, 1581, 1582 
hot-water, 1581, 1601, 1602 
indirect, 1581, 1620, 1621, 1622 
materials, 1581 
Nelson invisible, 1584 
pipe coils, 1582, 1583 
pressed metal, 1581, 1582, 1583 
Rococo, 1582 
Rococo wall, 1582 
symbols used, 1690 
types, 1581-1585 
wall, 1582-1584 
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Radius of gyration, 346-348 
area, 350, 351 (see also Moment of 
inertia) 

built-up steel columns, 522, 523 
cast-iron columns, 504 
channels, 366-369 
definition, 347, 348 
notation, 122 

steel pipe columns, 505, 506 
structural shapes, 346-409 
wooden columns, 483 
Rafters, 1268, 1412-1415, 1430 
bevels and lengths, 90 
- braced, 1267, 1268 
definition, 582 
design of, 1412-1415 
details, 1412-1415 
span, maximum, tables, 813-830 
strap and bolt, at foot, 471 
weights of, 1395 

wooden, determination of size and 
spacing, 831 

maximum spans, 776, 813 
weight, 833, 1395 
Railroad, cars, capacities, 2058 
dimensions, 2058 
rail gauge, 2058 

Railway station, illumination, 1810 
Rain leaders (conductors), 1752, 2019 
size of, 1752 

Rainfall, intensity in various cities, 
1750 

Ram, capacities, 1732 
hydraulic, 1730 
rife, capacities, 1730 

requirements, 1732, 1733 
Range-boilers, dimensiois, 2057 
Rankine’s formula, columns, cast-iron, 
487, 488 
steel, 488 

depth of keystone, 322, 323 
Raritile blocks, 1034 
Raymond concrete pile, 199, 200 
Reactions, beams, 336-345 
definition of, 336 
Reaming, steel, 417, 449, 458 
R&tumer thermometer, 1564 
Reciprocals, 7, 8-24 
Reciprocating power-hammer, 206 
Rectangles, 37, 39 
axis of moments, 361 
moments of inertia, tables, 361-362 
Rectangular, side of building, wind- 
pressure, 1397 
Red cedar (see Cedar) 
hardness, 1972 

Red lead, specific gravity and weight, 
1925 

Red light, wave-length, 1783 
Red oak (see Oak) 
hardness, 1972 


Redwood, beams, 651,654,767,769,774 
coefficient, 752 

crushing loads, perpendicular to the 
grain, 498 
deflection, 654 

columns, fiber-stresses, safe, 493 
modulus of elasticity, 652 
stresses, 745, 842, 1421, 1422 
Refectory (Glossary), 2224 
Reflecting equipment, guide to, 1794- 
1801 

Reflection, multiple (acoustics), 1860, 
1861 

Reflection factors, various metals, 1828, 
1829 

Reflection of light, tables, 1795-1802, 
1812 

Refrigerating machines, 2097-2103 
absorption type, 2101 
amount of cooling surface necessary, 
2106 

brine mains, arrangement of, 2105 
brine system, 2099 
capacity calculations, 2101 
cold-air system, 2099 
compression type, 2100 
direct expansion system, 2099 
liquids used in, 2098, 2099 
operation of, 2098 
ratings, 2099 
types of, 2098 

Refrigeration, data, 2090-2094 
mechanical, 2097-2106 
advantages of, 2098 
Refrigerator cars, dimensions, 2058 
Refrigerators, heights of, 2094 
hospital, 2094 
mortuary, 2094 
residences, 2090 

Register-boxes, dimensions, 1645, 1646 
Register-faces, heating, 1039-1642 
sizes for warm-air furnaces, 1645 
standard, 1644, 1645 
warm-air heating system, 1640 
Reinforced concrete, 1107-1252 (see 
also Concrete and Reinforce¬ 
ment) 

accelerators, 1116 

adhesion, 1120, 1122, 1139 (see also 
bond below) 

admixtures, accelerators, 1116 
calcium chloride, 1116 
celite, 1116 
hydrated lime, 1116 
kaoline, 1116 

aggregates, 246*248, 1111, 1112, 1237 
apartment-houses, 1108 
bars and rods, sizes, spacing and 
areas, tables, 1150 
beams, 1142-1148 
bending moments, 1129-1136.1161 
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Reinforced concrete, beams, compression 
reinforcement, 1155 
formulas, 1123—1128 
shear and diagonal tension, 1136— 
1137 

bond, 188, 1110, 1120 (see adhesion 
above) 

formula, 1139 
stress, 1139 

cement used, 1109, 1110 
chimneys, 1710, 1711 
cinders, 248, 275, 916, 1115, 1117 
corrosion, 1115 
club-houses, 1108 

columns (see also Beams and Col¬ 
umn*), 1186-1252 
bending moments, 1186 
calculations, 1188, 1189 
cast-iron, 1186-1199 
cored, 944-949, 1188, 1193 
dimensions, 1188 
effective area of, 1189, 1190 
fire-proofing, 931, 932 
laterally reinforced, 1186, 1187 
loads, 1186 
metal-cored, 944-949 
principles of design, 1188, 1189 
rodded-reinforced, 1190 
safe loads, hooped, table of, 1194, 
1195 

spiraled-reinforced, 1186, 1187 
spiral-reinforcement, percentage of, 
1196-1198 
types, 1186 

compressive strength, 1120 
construction in general, 1107-1109 
contraction joints, 1166, 1167 
cost, 259 

crushed rock, 1111, 1115 
dead loads, 1117 
definition, 1107 
design procedure, 1109 
designing, 1109,1117 
diagonal shear, 1136 
diagonal tension, 1136 
economic requirements, 1108 
efflorescence, 1116 
electrolysis, 188 
erection of, 1221-1249 
expansion, 1248 
expansion joints, 1166, 1167 
exterior finishes, types of, 1250, 1251 
factories, 1108, 1168 
factors of safety, 126, 410, 1121 
flat-slab construction, 1125-1128 
flexure formulas, 1121 
floors, 949, 962-971, 1148-1158 (see 
slabs, below) 
accelerators, 1115, 1116 
advantages, 962 
disadvantages, 963 


Reinforced concr ete, floors, bar dn ess, 111 $ 
precast, 968 

surface finish, 1249-1252 
tests, 991 

tile and concrete, 951-963 
footings, 188, 1200, 1201 (see also 
Footings) 

area proportionment, 1199 
designing, 1199-1213 
loads on, 1199 

notations for formulas, 1203, 1204 
pile foundations, 1199, 1200 
steel-reinforcement, deterioration, 
188 

electrolysis of, 188 
rusting, 188 

forms, construction of, 1222 
design, 1222 
erection of, 1223 
metal pans, 1168 
removal of, 1224, 1225 
formulas for beams, 1123 
shearing stresses, 1136 
slabs, 1123 

web-reinforcement, 1137 
foundations, 168, 188, 199, 1199- 
1213 (see also Foundations) 
general considerations, 191 
four-way system, 1175, 1176, 1177 
gravel, 1111, 1115 
heat, effect of, 255, 1248 
history of, 1107 

hollow-tile and concrete, 1169-1174 
hospitals, 1108 
I-beams, reinforced, 981 
impact loads, 1118 
industrial buidings, 1108 
initial stress, 1122 
live-load requirements, 1118 
loads and stresses, 1117 
materials used, 1109-1117 
metal-cored columns, 944-949 
mill-construction, 1108 
mixing, 1025, 1241 
mixtures, 1107, 1108 
modulus of elasticity, 1122, 1123 
molds, 1167-1174, 1221-1227 
permanent centering, 1002-1004 
self-centering, 1002-1004 
mushroom system (see Girderlesa 
floor-construction) 
notation used in design of, 1122, 1123 
parapets, 1213-1221 
pier, 1188 (see Piers7 
piles, 1200 (see Piles) 
pouring and ramming, 1241-1244 
proportions of materials, 249, 252, 
256, 1230, 1231 

protection of reinforcement, 1143,1144 
ramming and pouring, 1241-1244 
rectangular beam design, 1142 
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Reinforced concrete, reinforcement, 
1110, 1111, 1227 (see Reinforce¬ 
ment) 

anchorage, 1138 
distribution in slabs, 1154, 1155 
spacing, 1143 
residences, 1108 

retaining walls, 270 (see Retaining 
walls) 

roofs, 1005-1020 (see Roofs) 
sand, 1111, 1115 
school buildings, 1108 
sectional system, 980, 981 
separately molded system, 968 
shear, 1136, 1137, 1139-1142 
shrinkage, 1139, 1248 
reinforcement, 1155 
skeleton construction, 1108 
slabs, 1123-1128, 1148-1158 (see also 
floors, above) 

bending moments, 1129-1135, 1149 
cost, 259 

design procedure, 1148-1159 
distribution of reinforcement, 1154 
flat-construction, 112 5-1128 
girderless floor, 1174-1185 
load distribution, 1148 
loads, safe, 1117, 1118, 1148 
permanent centering, 1066 
precast, 984, 985 

rectangular, formulas, 1126-1128 
separately molded, 968 
S. M. I. flat system, 1175 
strength of, 1134, 1142, 1148, 

1150-1155 
T beam, 1138 

two-way reinforcement, 1135, 1148, 
1152-1154 
slag, llll, 1115 

stairs, walls and parapets, 1213-1221 
steel domes, 1168, 1169 
forms, 1168 

stirrups, 1138, 1143, 1147, 1158, 1171 
stone, 1111 

stresses for static loads, 1119 
T beam, 1121, 1122, 1125, 1137, 1138 
designing, 1159-1166 
T giraers, designing, 1159-1166 
Tee Stone system, 985 
temperature reinforcement, 1155 
stresses, 1155 
tensile resistance, 1122 
stress, 1110 

tension, shear and diagonal, 1136 
tests, 1235 
aggregates, 1112 
cement, 1116 
compression, 1113, 1114 
decantation, 1113 
floors, 991 

organic impurities 1112 


Reinforced concrete, tests, water, 1111 
theorem of three moments, 1129 
thickness of protective concrete, 1144 
tile and concrete floors, 951-963, 1169 
two-way system, 1169-1174 
types of construction, 1142, 1152, 
1159, 1167-1171, 1174, 1182, 
1186 

volumetric changes, 1248 
Waite’s concrete I Beam, 981 
walls, 1180, 1213-1221 
warehouse floors, 1168 
water absorption, 1236 
water for, 1111 
water qualifications, 1111 
water-cement ratio, 1233 
wind-loads, 1118 
working stresses, 1120, 1121 
wooden pans, 1169 
Reinforced-concrete tile arches, 959 
Reinforcement, 1110-1117 (see also 
Reinforced concrete and Metal 
lath) 

adhesion, 1120, 1122, 1139 
American electrical welded fabric,. 

998, 1000, 1002 
anchorage of, 1138 
bars, 1110, 1111, 1148, 1186, 1932- 
1938 

sizes, weights and sectional areas, 
1150 

supporters and spacers, 1228 
Clinton welded wire fabric, 998 
corrugated bars, 1110 
deformed bars, 1110 
diamond bar, 1063 
embedment length, 1138 
expanded mesh, 1001 
expanded metal, 944, 945, 1002„ 

1003, 1060-1063 
fabricating and placing, 1227 
Foster floor form, 1066 
grades used, 1110 

hollow-tile and reinforcement, 1169- 
1174 

Hy-Rib, 1004 
Kalmanlath, 1060 
Lith-I-Bar system, 983, 984 
loop-lath truss, 1059 
metal-fabric, welded, 998, 1112 
metal-lath, 1058-1068 
Miller pre-cast system, 982, 983 
percentage of, 1142, 1143 
permanent centering, 1066 
placing, 1227 
protection of, 1229 
Porete system, 984 
Rib-bar, 1110 
Ribplex, 1003 

rods, 422-431, 970, 1932-1938 

areas, weights aad perimeter*, 4419 
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Reinforcement, self-centering, 1002, 
1003 

Self-Sentering, 1004 
spacing, 1143, 1150, 1154 
Splicing, 1229 

length of laps, 1138 
spiral, 1110, 1111 
steelcrete mesh, 1001, 1003 
Tee-Stone system, 985 
temperature steel, 1148 
triangle mesh wire, 998, 999 
types, 997-1005 
vertical, 1189 

Waite’s concrete beam, 981 
Watson system, 982 
welded metal-fabric, 998, 1112 
wire-fabric, 1111 
wire-mesh, 1062 

working stresses, 1119, 1120, 1121 
Relation between humidity and tem¬ 
perature, 1689 
Rendu (Glossary), 2224 
Reredos (Glossary), 2224 
Repose, angle of, 265 
slope of, 265 

Republic Slagbrook floor system, 987 
Residences (see also Dwellings) cost, 
909 

floor-loads, 834, 1515 
heating temperature, 1570 
height limit, non-fireproof, 907 
live loads, 1118 
refrigerators, 2090 
reinforced-concrete, 1108 
Resin, specific gravity and weight, 1925 
Resistance moments, 348, 349, 583, 584 
Resolution of forces, 302 
Resonance of sound, 1860 
Rest, definition, 124 
Restaurants, illumination, 1810 
Retail stores, live loads, 834, 1118, 1515 
Retaining-walis, 261-273 
angle of friction, 262, 268 
angle of natural slope, 265, 266 
angle of repose, 265 
batter, 266, 268, 269 
breast wall, 271, 272 
center of gravity, 268 
cleavage plane, 266 
coefficients of friction, 262 
construction details, 268 
definitions, 264 

determining dimensions of, 267 
drainage, 265 
footings, 261, 262 
friction, theorem of, 265 
angle of, 262 
internal stresses, 266 
pressures on, 264, 266 
principles of, 261 
proportions, 270 


Retaining-walis,reinforced-concrete, 2 74 
slope of repose, 265 
theories, 264 
thickness, 269 

Reverberation, of sound, 1860 
Rhomboid, 37 
Rhombus, 37 

Ribbed and combination floor, 986 
Ribbed floor-construction, 1172-1174 
Ribbed glass, 1993 
Riblex sheet, 1003 
Rib metal-lath, 1062, 1063 
Ribsteel deck construction, 1017 
Richmond, Va., building code, loads on 
foundation-beds, 143 
office-building assumed loads, 153 
Rife ram, 1730 
Rigid conduit wiring, 1852 
Rigideck, 1016 

Risers and treads, stairs, 2062, 2063 
River deposits, 134 

Rivet, American Bridge Co.’s standard 
table, 455 
annealing, 449 
arrangement of, 449, 450 
bearing value tables, 453, 454 
bending stresses, 457 
bridge work, 458 

butt joints, comparative efficiency. 
456 

chain, definition, 456 
clearance, 449 
conventional signs, 451, 452 
cover-plates, 456, 457 
diagrams, 456, 457 
definition, 448 
dies, 1460 
dimensions, 1460 
distance from edge of plate, 449 
drift pins, 449 
failure of joints, 415 
field, lengths table, 455 
gauge distances, 449 
grips, table, 455 

hand-driven, working values, 1459 
heads, 448, 449 
diagrams, 451 
eccentric, 450 
holes, 449 

alignment, 449 
diameter, 449 
punching, 449 
initial slip, 457 
inspection, 450 
lan joints, diagram, 456 
lengths, 448 
field rivets tables, 455 
loose, 450 

machine-driven, working values, 449, 
1459 

material of, 448, 449 
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Rivet, number of. column connections, 
joints, 456, 457 
pitch, 449 

power-driven, working values, 449, 
1459 

proportions, diagrams, 451 
punching, 449 
reaming, 449 

requirements in rooMrusses, 1484 
shanks, diagrams, 451 
shearing value, 446, 448, 451 
area used, 451 
determination of, 450 
double shear, 446 
live loads, 450 
single shear, 446 

steel-beam connections tables, 453, 
454 

tables, 453, 454 
shop, 449, 451, 452, 1459 
signs, conventional diagrams, 451, 
452 

sizes, determination of, 450 
diagrams, 451 
for plate thicknesses, 450 
shop practice, 450 
table, 455 
wood trusses, 1458 
spacing, 449, 1459 
staggering, 449 
standard dies, 1460 
symbols, 451, 452 
taper, 458 

tension values, table, 1462 
weights of, 1946 
working stresses, 453, 454, 458 
column connections, 525, 527, 601 
for bridges, 458 

working value, hand-driven, 1459 
power-driven, 1459 

Riveted girders, section-modulus table, 
709-716 

Riveted joints, 448-452, 1457, 1458 

Rivet grip steel joist, 974 

Riveting, 448-458 (see also Rivet) 
definition, 448, 456 
details, 1460 
double, 456 

field compared with shop, 449, 458 

girder flange, 701 

machines, 449 

shop, 449, 450, 458 

single, 456 

Robertson protected metal, 924, 1014 
V beam sheet, gauge and length table, 
1015 

Rochester, N« Y., passenger station, 
roof-truss, 1293 

Rock, angle of repose, 265 
argillaceous, 131 
boulders, 134 


Rock, classification of, 130-140 
composition of, 130 
decayed, 135 
disintegration, 133, 134 
excavation, cost, 1955 
foundation-bed, 130-132,134,135, 141 
igneous, 131 
inclined strata, 146 
ledge, 134, 135 
loose, 135, 136 
metamorphic, 131, 132 
plutonic, 131, 132 
rotten, 134, 135, 265 
safe loads, 141, 143 
sedimentary, 131 
siliceous, 130, 131 
solid, 135 
weight, 265 
loose, 265 
Rock-asphalt, 2023 

Rock-crystal, specific gravity and 
weight, 1925 

Rockers, steel-frame roof-construction, 
1473 

Rococo radiators, 1581 
Rods and bars, eye-bars, 430 
forked loop, 422 
loop, 422 
loop-rods, 431 
safe loads, 423-427 
screw ends, 422, 428, 429 
weights, 1932-1938 
Roeblings’ Sons, wire gauge, 435, 436 
wire lath, 1064 

Rollers, roof-truss bearing, 1473 
Rolling-mills, structural steel data, 
1527 

Roman imperial architecture, 2225 
Roman long measure, 34 
Romanesque style, architecture, 2226 
Rood (glossary), 2226 
Roof, roofs, (see also Roofing and Roof- 
trusses) 

cantilever, 1295-1303 
examples of, 1303 
ceiling-loads, 1514 
collar-beams and ties, 738 
conductors, 2019 
cost, 873 

coverings, 1021 (see also Roofing) 
weights of, 1393, 1394 
dampness, 896 
deck, 735, 1015-1017 
deck-plates, 1014 
dormer framing, 738, 739 
fire-resistive, 1005-1021 
deck Bl&wsteel, 1016 
Ferrodeck, 1015 
Genfire Steeldeck, 1015 
Holorib construction, 1018, 1019 
Mahon steel, 1017 
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Roof, roofs, deck Ribsteel construc¬ 
tion, 1017 

Rigideck construction, 1016 
section, spans, 1016 
Federal Light-six slab, 1007 
Federal nailing-concrete, 1008 
flat roof, 1005 
Gypsteel system, 1013 
Marks-T-system, 1011 
nailcrete, 1013 
pitched roof, 1006 
pyrobar precast, 1012 
sheetrock, pyrofill system, 1009 
slag or gravel, 2010 
steel decks, 1014 

tile. Federal reinforced-cement, 
1007 
flat, 1514 
flooding, 897 
gable, 735 
gambrel, 735, 738 
gutters, 865, 871, 2003, 2019 
heat-transmission, 1570, 1574a 
hip rafters, 736 
hipped, 735 
insulation, 1019 
lamella, 1280, 1281 
leaks, 870, 896 
lean-to, 735 
loads, 1393 

corrugated metal, 1514 
gravel or composition, On cinder- 
concrete, 1514 
on stone-concrete, 1514 
on wood sheathing, 1514 
live, 1118 

slate on boards, 1514 
slate on tile on cinder-concrete, 
1514 

6late on tile on stone-concrete, 1514 
Mansard or French, 735, 1019 
mill-construction, 856, 875, 868 (see 
Mill-construction) 
example, 856 
materials (see Roofing) 
timbers and framing, 861, 862 
walls, 864 
nozzles, 898 
pitch or slope, 735 
rafters, 736, 737 
reinforced-concrete, 1005-1020 
ridge or ridge-pole, 736 
saw-tooth construction, 868 
shafting load, 1514 
slate, 1995-1998 

steel, design detail, 1475-1489 
loads, 1513, 1514 
steel frame, 1457-1475 
three-hinged steel arch, examples of, 
1302 

tile on steel purlins, 1514 


Roof, roofs, tin, 2000-2006 
trussed arch, 1287-1293 
two-hinged steel arch, 1294, 1295 
examples of, 1302 
warehouse, 896 
wide spans, 739 

wind-loads on surfaces of, 1398 
wood, 735-739 

Roof-loads (see Loads) 

Roof-trusses (see also Roof and Roof¬ 
ing) 

anchoring, 1471-1475 
arches, 1256, 1269, 1276-1280, 1284, 
1287-1295 

stresses in, 1387, 1388 
arches, trussed, 1357, 1386 
Baltimore, 1353 
bolt connections, 464-474 
bracing, lateral, 1488, 1489 
weight, 1393 

cambered, 1263, 1269 (see also Cais¬ 
son truss) 

cantilever, 1256, 1295-1303 
classification, 1255, 1277 
complete frame, 1254, 1255 
composite timber and steel, 1259 
compression members, 1463 
cost, 1524 
counterbrace, 1253 
definitions, 1253 
design, of purlins, 1415-1420 

of rafters, hips and valleys, 1412- 
1415 

design and construction, 1393-1412 
details, 1485 

eight-panel stress coefficients, 1405 
fan, 1346, 1408 
Fink, 1276, 1282, 1358-1360 
fire-proofing, 933, 934 
fixed and free ends, wind stresses, 
1336-1341 

fixed arch, 1390-1392 
flat roof, 1257, 1258, 1261, 1262, 1514 
French or Mansard, 1019, 1261 
hammer-beam, 1258, 1269-1273, 

1365-1369 
hinged, 1277, 1278 
horizontal chord, 1253, 1260 
Howe, 1259, 1260, 1261, 1262 
stress coefficients, 1406 
incomplete frame, 1255, 1256 
joints, 1444-1456, 1466-1473 
king-post, 1259 
king-rod, 1259 
lateral bracing, 1488, 1489 
lattice (wood), 1264-1267 
loads, 1305 (see Loads) 
long-span construction, 1284 
Mansard, 1019, 1261 
miscellaneous loads, 1396 
notation, 1315, 1316 
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Roof-trusses, ornamental scissor, 1271 
timber, 1267-1276 
Petit, 1353 

pin-connections, 458-464 
Pratt, stress coefficients, 1407 
purlins (see Purlins) 
quadrangular, 1350 
queen-rod, 1260 
reactions, 1306, 1307, 1309 
unsymmetrical loads, 1309, 1336, 
1341 

wind-loads, 1309, 1330 
redundant frame, 1255, 1256 
stresses in, 1377 
resolution of forces, 1305 
rolling-bearing, wind-stresses, 1311, 
1313, 1333 
sag-tie, 1282 
saw-tooth roof, 868-873 
scissor, 1262, 1263 
snow-loads, 1396 
spacing, 1408, 1409 
splicing, wooden, 1457, 1458 
steel, 1281-1303, 1457-1489 
cost, 1524 
joints, 423-464 

rigid unit bent construction, 1286, 
1287 

saw-tooth roof, 868-873 
simple span, examples, 1301 
types of, 1281-1283 
weight, 1395, 1396, 1398, 139V 
stresses, 1314-1336 
coefficients, 1400 

diagram examples, 1323, 1324, 

1346-1371 
fiber, 1416 

graphics, 1321, 1329-1392 
in cantilever and unsymmetrical 
trusses, 1336-1341 
purlins, 1418-1420 
redundant members, 1377-1383 
unit, wooden, 1421, 1422 
wind-loads, 1314, 1330-1336 
three-hinged arch, 1277 

stresses, 1371-1377, 1383-1389 
timber-construction details, 1421 
two-hinged arch, 1277 
types, 1253-1293 

unsymmetrical, 1256, 1295, 1296, 

1297, 1303, 1309 
wall-plate, 1421, 1455 
Warren, 1258 
weight, 1434 
wind-load, 1396, 1397 
stresses, 1330-1336 
wooden, 464-474 
bolted connections; 464-474 
cantilever, 1256, 1295-1303 
design of, 1433 

joints, 1427, 1444-1456, 1457, 1458 


Roof-trusses, wooden, loads, 1430, 1431 
rafters, weight of, 1393 
stresses, 1435-1456 
types, 1256-1281 
washers, 1422-1426 
weight, 1434 

Roof walls and parapets, mill-construc¬ 
tion, 864 

Roofing, 1994-2020 (see also Roof and 
Roof-truss) 

asbestos, corrugated sheathing, 923 
roofing shmgle, 923 
asphalt-gravel, 2010, 2011 
asphaltic materials, 2024 
Barrett, 2007, 2008 
book-tile, 1007 
canvas, 897 
cement-tile, 1394 
concrete, slabs, 1411 
weight, 1394 
copper, 2016, 2017, 1394 

expansion and contraction, 2017 
weight, 1394 

corrugated steel, 1394, 2013 
weight, 1394 
mnterflashings, 1997 
coverings, 1021 
tests, 1021 
dampness 896, 897 
felt, weight, 1117, 1394 
flashings, 1997 
flat, 1005, 1021 

galvanic action of materials, 2020 
galvanized metal, 2012 
gravel, 2007-2010 
weight, 1394 
gypsum, weight, 1394 
incline, 2011 

incombustible, defined, 899 
internal conductivities, 1574a 
leaks, 896, 897 

materials, 896, 1981, 1994, 1995, 1998, 
2000, 2007, 2010, 2011, 2013, 
2016 

fire-resistive, 909-931, 1021, 2010 
memoranda, 1994-2024 
mill-construction, 856-868 
Neponset red rope, 1981 
parapets, 864 
pitched, 1006, 1007 
prepared, 2011 
rafters, weight, 1395 
ready, 2011 

reinforced-cement tiles, 1007-1010^ 
1394 

sheathing, 1411, 1978, 1997 
weight, 1394 

sheathing-paper, 1978-1981 
shingles, sizes, 1994, 1995 
weight, 1394 
skylights, weight, 1394 
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Roofing, slag, 897, 2007-2010 
slate, 1995-1998 
sizes, 1996, 1997 
weight, 1394 

steel sheets, 2000, 2011-2016 
asbestos covered, 923 
tiles, 1007-1010, 1394, 1998-2000 
cement, weight, 1394 
clay, weight, 1394 
tin, 897, 2000-2006 (see also Tin) 
valleys, 1997 
warehouses, 896, 897 
workshops, 865 

Room, fresh air for furnace, 1649 
Room index, for illumination, 1790- 
1793 

Rope, cotton, 441-443 
haulage, 439 
hawser, 439 
hemp, 441-443 
hoisting, 439, 442 
extra pliable, 439 
flexible running, 439 
non-spinning, 439 
special flexible, 439 
manila, 441-443 
load, 443 
Seale, 439 
stevedore, 442 
strength of, 442 
tiller, 439 
weight, 442 
wire, 439-443 
strength of, 440 

Ropes and cables, measures, 25 
Roque court dimensions, 2087 
Rosewood, specific gravity and weight, 
1925 
Rosin, 2001 

specific gravity and weight, 1925 
Rosin-sized building papers, 1979 
Rotary converters, 1837 
Rotten rock, 134, 135, 265 
Rough glass, 1993 
Round rods, safe loads, 423 
Royalties, payments, 2155 
Rubber, specific gravity and weight, 
1925 

Rubber belts, 2144 
Rubber tile, 1075 

Rubber tiling, interlocking, 2022, 2023 
Rubble concrete, 254 
Rubble stonework, cost, 1956 
Ruby, specific gravity and weight, 
1925 

Rudenture (Glossary), 2227 
Rumford tile, 962 

Rupture, modulus of, definition, 126 
Rupture stress, definition, 416 
Russia, architecture of, 2227 
Rust, reinforced concrete footing, 188 


Sackett plaster-board, 855 
Sackett wall-board, 1054 
Sacristy (Glossary), 2227 
Saddle bars, definition,222 7 
Safe load, definition, 125 
Safety, factor of, 126, 410, 584 
Safety appliances, elevator, 1502, 1503, 
1506, 1507 

Safety switch elevator, 1507 
Safety treads, 1213 

St. Louis, Mo., building code, loads on 
foundation-beds, 143 
office-building, assumed loads, 153 
rainfall intensity, 1750 
St. Paul, Minn., building code, loads on 
foundation-beds, 143 
office-building, assumed loads, 153 
rainfall intensity, 1750 
Saints’ symbols, 2149 
Salt, in sea-water, 1247 

specific gravity and weight, 1925 
Saltpeter, specific gravity and weight 
1925 

Sand, 134, 135, 136 
angle of repose, 265 
balanced, 136 
beds, 133, 134 
chemical analysis, 138 
classification and composition, 136 
clean, 136 
coarse, 136 
cost, 256, 259 
data, 1969 
fine, 136 

foundation-beds on, 141 
Ottawa, 241, 247, 1113 
proportions, in concrete, 247-249, 250, 
1115 

in lime-mortar, 1969 
quicksand, 132, 137, 141 
rcinforced-concrete, in, 1111 
rounded or buckshot, 136 
safe loads, 141, 143 
screening, 1969 
sharp, 136 
sieve tests, 138, 247 
source of, 130, 1969 
specific gravity and weight, 1925 
uniform, 136 
very fine, 136 

weight, 258, 265, 1925, 1955, 1969 ' 
Sand-bars, formation, of, 133 
Sand-lime bricks, 1959-1960 
Sandstone, 132 
bituminous, 2024 
paving, 2024 
compression, 296 

compressive strength, 275, 277, 295 
crushing strength, 290, 291, 296 
fire-resistance, 911, 912 
loads, 275, 277, 290, 291 
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Sandstone, modulus of elasticity, 296 
modulus of rupture, 296 
shearing strength, 296 
specific gravity, 296, 1926 
tension, 296 
weight, 296, 1926 

San Francisco, Calif., building code, 
brick-wall thickness, 237, 238 
cast-iron columns, allowable 
stresses, 500 
column formula, 493 
compressive strength on various 
materials, 277 
steel column stresses, 513 
wood framing, allowable stresses in, 
751 

Saracenic architecture, 2228 
Sash, hollow-metal, 1095 
metal-covered, 1095 
solid-steel, 1095 
weight, 2065 

Sash-balances, 2066, 2067 
Sash-chains, 2064, 2065 
Sash-chord, 441, 2061, 2064 
Sash-pulleys, 2063 
Sash-ribbons, 2064 
Sash-weights, 2063 
iron, 2065 
lead, 2066 

Savannah, Ga., rainfall intensity, 1750 
Saw-tooth construction, 868 

framing and construction details, 872, 
87 3 

valleys, 871 

warming and ventilating, 872 
Scabble, definition, 2228 
Scagliola, definition, 22 '8 
Scandinavia, architecture of, 2228 
Schedule of charges, architects', 2151 
Schists, 132 
School bells, 2147 
School buildings, air changes, 1691 
bells, 2147 

blackboards, heights, 2060 
class-rooms, air space per pupil, 
2060 

dimensions, 2060 
floor space per pupil, 2060 
live loads, 834, 1515 
closet-ranges, 2057 
cost of, 2035-2038 
doors and stairways, 2060 
elevators, 1495, 1496 
flagpoles, 2059 

heating and ventilating schedules, 
1681-1685 

heating temperatures, 1570 
height limits, non-fireproof, 906 
illumination, 1810 
reinforced-concrete, 1108 
roofs, 1010 


School buildings, room dimensions, 
2060 

stairs, 2060 

ventilation, 1688, 1692, 1693 
Schuster floor-construction system, 987 
Schwedler method of dome design, 

1539 

Scissor truss, 1262, 1263 (see Roof- 
truss) 

Screw-ends, 421 
Screw-jacks, 225, 226 
Screw threads, 1943-1946 
Screws, coach, 1953 
data, 1953, 1954 
for metal, 1953 
lag, 1953, 1954 
sizes, 1953 
standard sizes, 1953 
Scripture measures and weights, 34 
Scrub-oak, hardness, 1972 
Scuppers, cast-iron, 862, 863, 2020 
wind shield, 863 
Seale rope, 439 

Searchlight, brightness of, 1786 
Seating capacities, estimating church 
and theater, 2067, 2068 
European cathedrals, 2068 
European churches, 2068 
European opera-houses, 2068 
European theaters, 2068 
United States theaters, 2069 
Seats, dimensions, 2056 
Seattle, Wash., building code, cast-iron 
columns, allowable stresses, 500 
column formula, 493 
steel column stresses, 513-515 
Secant column formula, 488 
Secants, tables of natural, 116, 117 
Section factor (see Section-modulus) 
Section-modulus, 346 

elementary sections, 346-409 
structural shapes, 346-409 
Sector of circle, 38 
center of gravity, 307 
Sedilia, definition, 2229 
Sedimentary rocks, 131 
Segment of circle, 38 
center of gravity, 307 
Segmental arch, 319-321 
Selenite, 131 

Segmental tile floor arches, 955 
Semicircle, center of gravity, 307 
Semivitreous tile, 1084 
Sensible and latent heat, 1565 
Separators, steel beams, 593 
Sewage ejectment, 1753 
Sewer-pipe, joints, quantities of sand, 
cement and of cement mortar, 
1751 

Sewers as affecting foundations, 147 
Sezagon, 37 
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Shades and shadows, architecture, 
1874-1915 

character and scope, 1876-1880 
conventions, 1881 

definitions and principles, 1882-1884 
determining and forecasting, 1903- 
1907 

practice of casting shadows, 1899-1903 
relation to architectural drafting, 
1874-1876 

standard architectural shadows, 1888- 
1899 

theory of casting shadows, 1884-1888 
vocabulary, 1907-1915 
Shaft, 860, 2142-2144 
elevator, 860, 864 
fire-resistive, 1057 
Shafting, 1514, 2142-2144 
Shale, 132, 143 

specific gravity and weight, 1926 
Shear, 128, 446 
beams (see Beams) 
bolts (see Bolts) 
building, wind-pressure, 1517 
cast-iron, 447 
definition, 589 
double, 446, 701 
failures, illustrated, 446 
horizontal, wooden beams, 447 
pins, 458, 459 
plate girders, 708 
reinf orced-concrete, 1120, 1136 
rivets (see Rivets) 
single, 446, 701 

steel, 447, 587, 589, 590, 591, 598, 1314 
vertical beams, 446 
wood, 447 
wrought-iron, 447 
Shearing, effect on steel, 416, 417 
Sheathing, asbestos, 1981 
corrugated, 923 
mill-construction, 855 
Neponset red rope, 1981 
papers, 1978, 1979 
parchment water-proof, 1981 
roof, 1117, 1394 
steel, 210, 211 
wood, weight, 1117, 1394 
Sheathing-quilt, 1979 
Sheet glass, 1988, 1989 
Sheet iron and steel, asbestos covered 
(Robertson protected metal), 924 
base price, 1522 
Sheet-lath, 1058-1060 
Sheet lead, weight and sizes, 1758 
Sheet metal, brass, weight per sq ft, 
1928 

copper, weight per sq ft, 1928 
lead, weight per sq ft, 1929 
steel, weight per sq ft, 1928 
wrought-iron, weight per sq ft, 1928 


Sheet metal tiles, 2000 
Sheet piling, 204-209 
manner of driving, 206 
Sheet steel and iron, ceiling, 2015 
corrugated, 2011-2013 
freight rates, 1523 
galvanized, 2012, 2013, 2015 
gauges, 437, 2012 
roofing, 2011-2015 
siding, 2015 
weight, 1928 

Sheeting planks, cutting and fittings, 
205 

method of driving, 205 
thickness of, 204 
Sheetrock, 1054 
Pyrofill roof, 1009 
Shelf angle, beam framing, 884 
Shellbark hickory, hardness, 1972 
Shingles, asbestos, 923 

cedar, number and weight per square, 
1994 

dimensions, 1994-1997 
nails, required, 1995 
pine, number and weight per square, 
1994 

sheet metal, 2000 
sizes, 1994-1997 
slate, colors, 1995 
sizes, 1996, 1997 
weight, 2001, 2003 
wood, sizes, 1994, 1995 
weight, 1394 

Shoes, cast-iron, trusses, 1454, 1455 
Shoe tiles, 940, 941 
Shop drawings, 1512, 2154 
Shoring, excavation, 224 
Shot drills, foundation-bed testing, 
145 

Show cases, illumination, 1810 
Show windows, illumination, 1810 
Shurebond metal-lath, 1060 
Shutters, metal-covered, 897 
rolling steel, 1095 
standard fire, 860 
steel, 1095 

Sidewalk, flagging, 1956 
live loads, 834, 1118 
vault, 263, 264 
Siding, beveled, 1974 
corrugated steel, 2015 
Signal cord wire, 441 
Silica, minerals, 130 
specific gravity and weight, 1928 
Silicates, 130 
Siliceous rock, 131 
Sills, concrete, 1220-1221 
Silt, 135 

Silver, specific gravity and weight, 1926 
Simplex, partition, 1055 
piles, concrete, 200 
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Sines, table of natural, 95-103 
Sinks, dimensions, 2057 
Site, investigation of, 142 
physical conditions of, 130 
Skating-rink, illumination, 1810 
Skeleton construction, enclosing walls, 
240 

Skewback, arch, 319, 321 

floor arches, 953, 954, 958, 1549 
Skylights, glass for, 1993 
mills and warehouses, 861 
prevention of leaks, 871, 872 
saw-tooth, 868, 872 
weight, 1117, 1394 
Sky-signs, wind load, 1517 
Slabs, concrete, design of, 1148-1155 
formulas for reinforced-concrete, 1123 
reinforced-concrete (see Reinforced 
concrete) 

Slag, blast-furnace, 1115 
cements, characteristics, 243 
concrete, acid-resistance, 2010 
fire-resistance, 2010 
in cement, 243, 897, 2007-2010 
in wrought iron, 411 
roof, fire and acid fumes resistance, 
2010 

Slag or gravel roofing, 2007-2010 
Slagblok floor-construction system, 
987 
Slate, 132 
color of, 1995 

commercial thickness, 1997 
crushing strength, 296 
grading, 1996 

internal conductivities, 1574a 
modulus of elasticity, 296 
modulus of rupture, 296 
nomenclature, 1995 
specific gravity, 296, 1926 
weight, 296, 1117, 1926 
Slate blackboards, 2060 
heights of, 2060 
Slate roofing, weight of, 1998 
Slate roofs, 1995-1998 
weight, 1394 

Slate shingles, sizes, 1996,1997 
Slate tiles, 2022 
Sleeve nuts, 421, 422, 432 
Slenderness ratio, columns, 483 
Slop sink, dimension, 2057 
Slope of repose, 265 
Slope of roof, 1006, 1008, 1254, 1354, 
1356, 1396, 1412, 1413 
Slow-burning construction, 854-898, 
901 (see Mill-construction) 

S. M. I. flat-slab system, 1175 
Smokeless boilers, 1596, 1597 
Smokestack guys, 441 
Smoke test, plumbing pipes, 1775 
Snifter valve, air compression, 1735 


Snow, specific gravity and weight, 1926 

loads, 1396, 1514 

on roofs, 1305, 1306, 1343, 1345, 
1393, 1396 

Soap, liquid, systems, 1773-1775 
Soapstone, specific gravity and weight, 
1926 

traventine, 131 

Soccer football field measurements, 

2075 

Sodium, specific gravity and weight, 
1926 

Soffits, arch, 319 
Soil, 133, 135 

angle of repose, 265 
foundation-beds, 135-148 
slope of repose, 265 
weight, 265 
Soil-pipe, 1745 
Soil-stack, 1745 
Solids, mensuration of, 61 
Sound, absorption by building materials, 
1069, 1863 (see also Acoustics) 
loudness of, 1C69 
reduction factors, 1070, 1071 
Sound insulation, 1068-1072 
Sound-proofing in buildings, 1866 
sound-reduction by walls and floors, 
1872 

Sound-proof partitions, 1051 
Sound-transmission, through parti¬ 
tions, 1867 

South America, architecture of, 2230 
Spain, architecture of, 2230, 2231 
Span, of arch, 319 
beams, 754-756 
wooden joists, 730-733 
Spandrel, of arch, 319 
waterproofing, 947 

Specific gravity, 1918-1927 (see under 
material in question) 

Specific heat, 1564, 1565 
Specific volume, gases, 1570 
Specifications (see under material in 
question) 

Spelter, specific gravity and weight, 
1926, 1927 
Sphere, 38, 60, 64 
shades and shadows, 1877, 1882 
wind-pressure, 1396 
Spheroids, 60, 65 
Spider, dome, 1542 
Spikes, 1951 

sizes, lengths and number per lb, 
1950 

steel wire, size, length, gauge and 
number per lb, 1951 

Spiral-reinforcement, 1110, 1111, 1186, 
1187 

Spirit, rectified, specific gravity and 
weight, 1926 
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Splices, lapped, reinforced-concrete, 
1229 

Split furring, 1072 
Springers, arch, 319 
Spring line, arch, 319 
Spring needles, underpinning, 231 
Sprinklers, 864, 1108 
automatic, 1100-1102 
framing to accommodate, 873 
mills, 855 
open, 1095 

outside open exposure protection, 1097 
standpipe and hose systems, 1105 
tanks, 874, 875 
Spruce, beams, 651, 765, 768 
coefficients, 752 
deflection, 651 
distributed loads, 654 
fiber-stresses, 492 
columns, fiber-stresses, 492, 493 
safe loads, 494-496 
joists, sizes and spacing, 883 
modulus of elasticity, 652 
shearing stress, 447 
specific gravity and weight, 1926 
stresses, 842, 1421, 1422 
in shear, 447 
unit, 447 

weight, 1926, 1973 
working stresses, 747 
Square, 37, 39 

hollow, moment of inertia, 353 
radius of gyration, 353 
section-modulus, 353 
measure, 27 
tables of, 8-24 
Square roots, 3 
tables of, 8-24 

Squash Racket Court, dimensions, 2085 
illumination, 1810 
Squinches, definition, 2231 
Squint, definition, 2231 
Stability of structures, definition, 125 
Stables, live loads, 1118 
Stack, 1598-1601, 1745 
boiler, 1601 
double wall, 1635 
for tall buildings, 1601 
furnaces, 1598, 1633, 1634, 1640, 1703 
sues, warm-air furnace heating sys¬ 
tem, 1640 
steel, 1712, 1713 
anchor bolts, 1713 
foundations for, 1712 
Stainless cement, 243 
steel, 415 

Stairs, concrete, 1213, 1214 
dimensions, 2060, 2062, 2063 
fire-resistive, 1087-1088, 1213, 1214 
mill-construction, 855, 860 
towers for, 860,861, 864 


Stairs, reinforced-concrete, 1213-1221 
risers* 2061, 2062, 2063 
school buildings, 2060 
towers, 860, 861, 864 
treads, 2060 

treads and risers, tables of, 2061, 2062 
Stairways, loads, 1516 

protection, fire, 860, 861, 864 
Standpipe and hose equipment, 864 
Standpipes, mill-construction, 864 
inside, 897 
Star post-cap, 882 
Statics, definition, 124, 1304 
Statistics, definition, 124 
Status, of architects, 2163 
Staves and bottoms, tanks, 1739 
Steam, consumption, engines, 1561 
generation of, 1565, 1566 
heat (see Heating), 1565-1624 
properties of, 1565 
saturated, properties of, 1567 
Steam-coils, heating by water, 1582, 
1583 

Steam-drill, 206 

Steam-hammer, pile-driving, 193 
Steam-heating, 1565-1568 
Steam-mains, branches and risers, 
capacities, 1616 
Steam-turbine, 1743 
Steel, adhesion to concrete, 1120, 1122, 
1139 

angles, 420 

bars, 420, 1110, 1111, 1190, 1528 
areas, etc., 1932-1934 
circumferences, 1932 
lattice, 518 

reinforcing, 1110, 1111, 1190 
safe loads, 423-427 
standard classifications, 1528 
weight, 1932-1938 
base price, 1522 
beams (see Beams) 

Bessemer process, 415 
branding, 420 

carbon and phosphorus, effect of, 416 
carbon content, 416 
chemical properties, 418 
chimneys, 1712, 1713 
coefficient of expansion, 417 
cold bend test, 413, 419, 420 
columns (see Columns) 
compressive strength, 484 
corrosion in concrete, 1115 
corrugated, base price, 1522 
roof-covering, weight, 1394 
weight, 2011, 2012 
cost, 1522-1525 
defined, 415 
elastic behavior, 416 
elastic limit, 416 
elongation, 416, 419 
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Steel, eye-bar, 421 
finish, 420 
fire-resistive, 923 
form of test specimens, 419 
grillage in foundations, 184, 185 
manufacture, 415, 418 
marking, 420 
merchant, 1527 
mill-buildings, 1524 
modulus of elasticity, 416 
nickel alloy, crushing load, 485 
safe working stress, 485 
open-hearth process, 415 
phosphorus content, 416 
plates, 419, 420, 1522 
properties, chemical and physical, 418 
punching, effect on plates, 416 
reinforcing (see Reinforcement) 
rolled shapes, crushing load, 485 
safe working stress, 485 
roof-trusses (see Roof-truss) 
rope, 439, 440, 441 
shearing, 416, 447, 589 
sheet, asbestos-covered, 923 
base price, 1522 
corrugated, 1522, 2011, 2012 
gauges, 437 

roofing, 2000, 2011-7016 
weight per square foot, 1928 
specifications, 417, 418, 1511-1521 
specific gravity, 1926 
specimens for tests, 418, 419, 442 
stainless, 415 
strength, 419 

carbon and phosphorus effect, 416 
specifications, 417, 418 
ultimate, 416 
wire, 435, 436, 438 
working, 410, 447 
stress-strain diagram, 417 
stresses (see Strength, above) 
structural (see Steelwork and Struc¬ 
tural steel) 

tension members, 420, 1518 
tests, 418, 419, 1512 
thickness, corrosive agents, 1519 
weight, 417, 420, 1926, 1939 
sheet, 1939 
variations in, 420 
weights, estimating, rules for, 1939 
wire, 435-443, 1930, 1931 
weight, 1930, 1931 
yield-point, 416, 418 
Steel and iron mills, illumination, 1806 
Steel bars, foundation-bed testing, 142 
weights and areas, 1932-1939 
Steel columns, 480-482 (see Columns) 
Steel Domes, reinforced-concrete, 1168, 
1169 

Steel grillages, requirements for, 184, 
185 


Steel joists, properties of, 408, 409 
Steel merchant, cost, 1527 
Steel mill-building, cost, 1524 
Steel, painting, 1985, 1986 
Steel pipe, expansion of, 1772 
Steel plate washers, 1426 
Steel purlins, 1519 
Steel roof-construction, 1457-1475 
Steel-roofing, 2013 
Steel sheathing, 210 
different forms, 211 
poling-board of Chicago method, 213 
use, 211 

Steel sheet piling, 209 

Steel wire, size and weight, 1930 

tables of weight, length and strength, 
438 

Steel wire nails, 1951 
Steeltex, 1065 
Steelwork, 1511-1529 

bolted connections, 1521, 1524 
buildings, weight, 1525 
cost data, 1522-1525 
cut to lengths, 1524 
data for estimating, 1522-1525 
design requirements, 1518, 1519 
detail, 1519, 1520 
drafting cost, 1524 
erection, 1521, 1524 
fire-protection, 876, 877, 878 
floor-loads, 1514, 1515 
foundations, 1521 
freight-rates, 1523 
inspection, 1521, 1523 
loads, 1513-1517 
manufacture, 418 
materials, properties, 1512 
tests, 1512, 1513 
mill-buildings, 876-878, 1527 
painting, 1520, 1521, 1985-1987 
roof-loads, 1513 
specifications, 417, 1511-1521 
stresses, 1517, 1518 
weights of, 1525 
wind-pressure, 1516 
workmanship, 1520 
Stereobate, definition, 2232 
Sterilizing systems, 1770, 1771 
Stevedore rope, 442 
Stiffeners, girder webs, 695-697, 706, 
1519 

Stiffness, beams, 582 
definition, 125 
Stirrups, 884, 889, 890 
fire tests, 890 
Stoa (Glossary), 2232 
Stock-cars, dimensions, 258 
Stone (see also Stonework and each 
kind of stone) 
angle of friction, 362 
beams. 585 
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Stone* building data, 275 
coefficients of friction, 262 
compressive strength, 275, 277 
concrete, 1117 
cost, 1956 
of laying, 1956 
crushing height, 279 
crushing strength, 290-301 
data, 296, 1955 
dimension, 1956 
facing of brick walls, 278 
fire-resistance, 911, 912 
footings, 232, 233 
internal conductivities, 1574a 
masonty, 274, 275, 1955 
modulus of elasticity, 296, 297 
piers, 279 

quantities in concrete, 256, 257 
strength, 290-301 

Stone-concrete, compressive stiength, 
275, 277 
safe loads, 275 

Stone piers, strength of, 280-284 
Stonework, ashlar, broken, 1955 
coursed, 1955 
hammer-dressed, 1955 
data, 1955-1956 
coefficient of friction, 262 
cost, estimating, 1956 
crushing strength, 290-301 
cut work, 1955 
data, 1955, 1956 
estimating cost, 1956 
loads, safe, 275 
measurement of, 1956 
rubblework, 275, 1955 
safe loads, 275 
sidewalks, 1956 

Store and stockrooms, illumination, 
1807 

Storehouse construction, 861-864 
heights of stories, 861 
live loads, 150 

Stores, illumination, 1810, 1811 

retail, floor-loads, live, 834, 1118, 
1515 

wholesale, floor-loads, live, 834, 1118 
Straight line, column formula, 487 
Strain (see Deformation), 125 
definition, 1304 
Street cars, dimensions, 2058 
Street railway wire, 441 
Strength, beams, 582-632, 668-694 
breaking, 349 
coefficient of, 348, 349 
compressive, 280-284, 297, 483 
continuous beams, 668-694 
definition, 125 
elastic, 126 

elongation-relation, steel, 416, 419 
flexural, definition, 126, 583, 584, 759 


Strength, girders, wooden, 632-641 
materials (see material in question) 
definition, 125 

shearing, 446, 637, 650, 759, 
tensile, 410 

ultimate, definition, 125, 410, 416, 
446, 483 

working, definition, 125, 410 
Strength of materials (see material in 
question) 
definition, 125 

Stress, 125, 263 (see also material in 
question) 
bearing, 451 

bending, 274, 651, 661, 662, 1517 
calculations, truss, 1479 
combined, 128, 517, 1326, 1517 
compression, 127 
definition, 125 
diagrams, 1323-1332 
distribution of, 263 
elastic limit, 126, 416 
factor of safety, definition, 126 
fiber, 126, 339, 583, 584 
flexural, 126, 339, 584 
intensity, definition, 125, 263, 410 
modulus of rupture, 126 
maximum and minimum, 1341 
notation, 122, 1315 
resultant, 263, 1305, 1337 
reversal of, 1341, 1518 
roof-trusses, 1304-1392 
rupture, 416 
secondary, 500 
shear, 128 446, 447, 450 
horizontal, 650, 759, 1333 
shrinkage in concrete, 254, 1248 
tensional, 127, 410, 450, 585, 1314 
torsion, 128 
transverse, 274, 517 
ultimate, 126, 410 
definition, 410 
uniform, 263 

unit, definition, 125, 126, 410 
various woods, 751 
varying, 263 

wind, trusses, 1305, 1309, 1330, 1331, 
1396-1399 

in tall buildings, 2133-2141 
wind-bracing, 1519 
working unit, definition, 125, 410 
yield-point, 416 
Stress-strain diagram, 417 
String-course (Glossary), 2232 
Structolite, 920, 921 
Structural beams, light weight, 972 
clay-tile fireproofing, 934 
platform slabs, 976 
shapes, 346-409 (see Angies, Chan¬ 
nels, I beams, etc.) 
compound, 352. 353 
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Structural beams, steel (see also Steel 
and Steelwork) 
cost, 1522 
freight-rates, 1523 
painting, 1985 
punching, 1520 
Structures, definition, 124 
domical, 1530-1548 
large, heating, 1657 
theory of, 125 
vaulted, 1548-1560 
Struts, angles, 510 

as beams, 612, 613 
tables, 528-545 

channels, loads, tables, 366-369, 576- 
581 

eccentric loads, 489, 497 
in trusses, steel, 510 
loads, 1518 

tables, 423-429 
wood, strength of, 483 
Stucco lath, 1067 
Studs, 483 

Berloy metal, 1051, 1052, 1053 
Dickson, 1051 

partition, safe loads, tables, 843 
physical properties, 1053 
size tables, 1048, 1051 
spacing tables, 1048 
steel, 1051, 1052, 1053 
Subcontractors' agreement, 2162 
Subcontracts, 2161, 2162 
Submarine pile-hammer, 206 
Subsellium (Glossary), 2233 
Substructure, waterproofing, 2123 
Sugar, specific gravity and weight, 1926 
Sulphur, anchoring bolts, .’45, 246 
in steel, 418 

Superintendent, architect’s, 2156 
Surcharge, 320 

Surface, center of gravity, 306 
finish of concrete, 256, 1249 
measures, 27 
metric, 31 

Suspended ceilings, 980, 993-997 
weight, 1117 
Swimming-pools, 1769 
Switches, electrical, 1850, 1851, 1854 
Sycamore, specific gravity and weight, 
1926 

weight, 1926, 1973 
Syenite, 131 
compression, 296 
shear, 296 
tension, 296 

Symbols, apostles and saints, 2149 
electric wiring, 1848, 1849, 1856, 1857 
Greek letter, 123 
heating and ventilation, 1690 
mathematical, 122, 123 
pipes and fittings, plumbing, 1690 


Syracuse, N. Y., school building cost, 

2038 

Syria, architecture of, 2233 
System of units, heating and ventila¬ 
tion, 1561 

T beam, 1159-1166 (see also Beams) 
design of, 1162-1165 
formulas for reinforced-concrete, 1125 
reinforced-concrete, designing of, 
1159-1166 

T girder, design of, 1165, 1166 

formulas for reinforced-concrete, 1125 
reinforced-concrete, designing of, 
1159-1166 

Table, billiard, dimensions, 2057 
dining, dimensions, 2056 
furniture, dimensions, 2056 
Tacks, 1951 

steel wire, size, length, gauge and 
number per pound, 1951 
wire, length, number per pound, 1952 
Tail beams, 731 
Talc, 131 

specific gravity and weight, 1926 
Tall building, stacks, 1704, 1715 
Tallow, specific gravity and weight, 
1926 

Tamarack, specific gravity and weight, 
1926 

working stresses, 747, 842 
Tangents, 38 

tables of natural, 104 
Tanks, balancing, 1768 
capacity, 1736, 1742 
construction, 1739, 1740 
cooling, 1768, 1769 
cylindrical, 1744 
expansion, 1629, 1630 
frost-proofing, 1741 
gravity, water, 874, 875 
healing, 1741 
house, 1744 

condensation-pan, 1744 
material for wooden, 1739 
standard dimensions, 1742 
steel, 1744 
storage, 1744 
suction, 1744 
wind-load, 1517 

wooden, construction of, 1739, 1741 
taper, 1739 

Tar, specific gravity and weight, 1926 
mineral, 2023 

waterproof lining, 2128, 2129 
Target and arrow tin, 2003 
Teak, specific gravity and weight, 1926 
Tee-Stone, floor system, 985 
Tees, standard classifications, 1528, 
1529 

Telephone exchange, illumination, 1811 
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Telltale tanks, 1741 
Temperature, absolute, 1564 

approved cold storage for various 
articles, 2105 
bathrooms, 1570 
boiler shops, 1570 
boiling-point of water, 1762, 1764 
concrete, 245 

effect on building materials, 910 
factories, 1570 
foundries, 1570 
hospitals, 1570 
humidity relation, 1689 
machine shop, 1570 
measurement of, 1564, 1565 
outside, in U. S., tables, 1571 
paint shops, 1570 
public buildings, 1570 
reinforcement, 1167 
relation between it and humidity, 
1689 

residences, 1570 
schools, 1570 
United States, 1571 
various cities, 1571 

Temperature stresses, roof-trusses, 1389 
Tempering-coil, heating, 1661 
Temporary buildings, foundations, 189 
timber footings, 188 
Tenement-houses (see Apartment- 
houses) 
live loads, 834 

Tennis courts, dimensions, 2080 
interior, illumination, 1811 
Tension, 127, 410 

building materials, 411 
members, steel, 420-422 
safe loads, 423-427, 434 
values, rivet, 1462 

Terms, architectural (Glossary), 2168- 
2238 

building codes, 2239-2247 
building laws, 2239-2247 
engineering, 124-128 
technical, 2168-2238 
Teme plates, 2000 
Terra cotta, beam protection, 878 
book-tile, 1007 
brackets, strength, 290 
column-protection, 878, 934-941 
composition, 286, 287, 912 
compressive strength, 275, 277 
consoles, strength, 290 
facing of brick walls, 278 
fire-resistance, 912, 914, 934-939 
floors, 913, 914, 951, 952, 2020, 2021 
heat-transmission, 1572, 1573 
hollow-block walls, safe load, 275 
hollow-clay, 914 
ornamental, fire resistance, 912 
inside finish, 1083-1085 

\ 

1 


Terra cotta, partitions, 914, 1038-1041 
piers,' 286, 287 
properties, 286 

roof-construction, 1005-1008, 1999 
2000 

sound-resistance, 1068, 1070, 1071 
specific gravity and weight, 1926 
strength, 275, 286, 290, 912, 913 
tests, 286-290, 912 
truss-protection, 933, 936, 937 
weight, 290, 1926 
Terrazzo, 2023 

Tests (see also material in question) 
asbestos boards, 923 
brick, 911 
piers, 276 

cast-iron brackets, 481 
ceilings, 992-997 
cement, 241, 242, 246 
concrete, 911 
chain, 443-445 

column-coverings, 936, 937, 938 
compound beams, 633 
concrete, 297, 300 
eye-bars, 421 

fire-proof partitions, 1039, 1055 
fire-proof wood, 927, 929 
fire-retardant, 1024, 1025 
floors, 949 

foundation-beds, 141-146 
lime, 1967 
mortar, 276 

nails, holding power, 1949 
partitions, fire, 1039 
plumbing systems, 1775 
reinforced-concrete, hooped columns, 
1110 

roof-coverings, 1021 
sash-cords and sash-chains, 2061 
sound-absorption, 1868-1872 
steel, 417-420 
stone, 279 

structural steel, 418-420 
tension, iron and steel, 412 
terra-cotta, 913, 914, 951, 952, 2020, 
2021 

wall-board, 1055 
wooden beams, 633 
columns, 491 
wrought-iron, bend, 413 
tension, 412 
Tex-Tile, 1083 

Textile weave shed, construction of, 868, 
869 

Theaters, air changes, 1691 
capacities of, 2068-2071 
curtains, asbestos, 922 
dimensions of, 2071 
European, capacities, 2068 
illumination, 1811 
live loads, 1515 
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Theaters, roof, 1010 
seating space, 2067 
ventilation, 1688, 1691 
Theorem of three moment, reinforced- 
concrete, 1129 
Thermometer, 1564 
Celsius, 1564 
centigrade, 1564 
Fahrenheit, 1564 
Reaumur, 1564 
Thermometer, 1564 
Thermostatic trap, 1611 
Three-moment theorem, 677-681 
Thrusts, on arches, 319 
Tie-bars, splicing, 456 
Tie-beams, built-up, 467 
wooden, 447, 469, 470 
Tie-plates, 1520 
Tie-rods, 1417 

for arches, 990, 991 
segmental arches, 321, 951 
Tile, Aerocrete, 1020 
architecture, 1083 
aseptic, 2021 
cast glass, 2022 
cement, 1394 

roofing, weight, 1394 
ceramic mosaic, 1084 
clay, 1083 

roofing, weight, 1394 
concrete, 919 
enameled, 1085, 2021 

mosaic, glazed mosaic, 1084 
encaustic, 2020 
faience, 1085 
mosaic, 1084 
federal interlocking, 1 307 
light six, 1007 
reinforced-cement, 1007 
fire-resistive, zenitherm, 1087 
flint, 2021 

floor and wall, 2020, 2021, 2022 
Florentine mosaic, 2021 
furring, 1072 
glass, 1086 
roof, 1007 
glazed, 1084 
gypsum, 1020 
Haydite, 1020 

hollow-clay, fire-proofing, 914 
furring, 914 
partition, 914 

interlocking rubber, 2022, 2023 

mantel, 2021 

marble, 2022 

marbleithic, 2022 

mosaic, 1084, 2021 

nailcrete, 1020 

Natco-Face, 1083 

paving, flint hydraulic, 1085 

plastic, 1085 


Tile, plastic, mosaic, 1084 
Poretc, 1020 
roof, 1009 
quarry, 1085 
Roman mosaic, 2021 
roofing, 1998-2000 
rubber, 1075, 2022 
Rumford, 962 
semivitreous, 1084, 2021 
setting, 2021, 2022 
sheet-metal, 2000 
shoe, 940, 941 
slate, 2022 

specific gravity and weight, 1926 
standard clip and angle, 939 
steel, 2000 
structural, 1083 
terrazzo, 2023 
tin, 2000 
vault, 1560 
vitreous, 1084, 2021 
wall, 2021 
weight, 1117 
white glazed, J085, 2021 
Tile arches, advantages, 951 
disadvantages, 952 
Guastavino, 961 
Tile roofing, 1998-2000 
specifications, 1999 
Tiling memoranda, 2020-2022 
Tiller rope, 439 

Timber (see also Lumber, and different 

woods) 

board measures, table, 1975-1977 
data, 1972-1978 
density, 717 

footings for temporary buildings, 188 
framing sizes, 1973 
grading of, 718 
grillage 194 
hardness, 1972 
heavy, mill-construction, 854 
kinds in mill construction, 858 
lattice trusses, 1264-1267 
measurement, 1974 
modulus ot elasticity, 744-748 
moment of inertia, 748, 749, 750 
painting, 859 
piles, 191-198, 201 
properties of, 748, 749, 750 
section-modulus, 748, 749, 750 
sizes, 748-750 
in mill-construction, 858 
specific gravity and weight, 1918-1927 
stresses (see woods in question) 
table, 751 
ventilation, 859 
weight, 1918-1927, 1973 
working-stress table, 841, 842 
Timber column, 491-497 
safe axial loads, 494-496 
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Timber grillage, 194 
Timber piles, concrete-caps, 200 
Timber roof-trusses, arched, 1276-1280 
arch braced type, 1269 
braced, rafter type, 1268 
hammer-beam type, 1269 
tie-beam type, 1267 
Time, measure, 30 
unit of, 1561 
Tin, 2000, 2001 

block, pipe, 1756, 1759 
brands, 2000 
bright, 2000 

castings, shrinkage in, 1939 
fire-doors, 897, 1090, 1091 
gutters, 2003 
hand-dipped, 2000 
lined pipe, 1756 
roller process, 2000 
roofing, 897, 2000 to 2006 
covering capacity, 2003 
durability, 2001 
gutters, 871, 2003, 2006 
laying, 2002, 2003 
painting, 1984, 2002, 2003 
rolls, 2006 
valley, 871, 2003 
sheet, sizes, 2001 
thickness, 2001 
weight, 2001 

specific gravity and weight, 1926 
Target and Arrow brand, 2003 
terne plate, 2000 
weight, 1926, 1939, 2001, 2003 
Tin roofing, 2000-2006 
Tinned fire-doors, 897, 1090, 1091 
Toilet and wash-rooms, 1807, 1811 
Toncan metal-lath, 1058 
Torsion, definition, 128 
Torus, shades and shadows, 1877, 1878 
Tower, belt, 860 

brick, 860, 861, 864, 874 
clock, 2106, 2107 
elevator, 860, 861, 864 
fire-escape, 874 
stairway, 860, 861, 874, 875 
warehouse, 875, 876 
Tower-clock, data, 2106, 2107 
Train shed, structural steel data, 1527 
Transferred heat, 2097 
Transformers, current, 1837 
Transite asbestos wood, 923 
roofing and siding, 923 
Transmission, of heat, 1570, 1766, 1767 
rope, 439 

Trap, back water, 1753 
plumbing, 1745 
thermostatic, 1611 
vacuum, 1610,1611 
ventilation, 1746 
VN~*^ezium, 37 


Trapezoid, 37, 40 
Trap-rock, 131 

crushing strength, 296 
specific gravity, 296, 1926 
weight, 296, 1926 

Trautwine’s formula, depth of keystone^ 

323 

Traventine, 131 
Treads, safety, 1213 
tables, 2062, 2063 
Treads and risers, 2062, 2063 
rule for dimensions, 2060, 2061 
Treasure Department, hot-water heat 
ing, 1625, 1630 
Tremies, 254 

Trenches, as affecting foundations, 147 
for footings, 234 
Triangles, 36, 39, 71 
center of gravity, 306 
forces, 303 

moment of inertia, 351 
oblique angled, 92 
of forces, 303 
radius of gyration, 351 
section-modulus, 351 
trigonometrical functions, 91-94 
Trigonometry, 90-117 
Trim, cement, 1082 
fire-resistive, 1082 
clay-tile, 1083 
heirloom panel, 1086 
hollow-metal, 1081 
magnesite, 1086 
metal, weights for, 1082 
Pyrons Process, 1086 
fire-retardant wood, 1079 
hollow-metal, 1081 
kalamein, 1080 
metal-covered, 1080 
Trimmer beams, 836 
Trimmers, floor, 730, 731, 836, 851 
safe loads, 850 
Troff Kalmanlath, 1060 
Trolley-car, dimensions, 2058 
Troy weight, 29 
Truscon expanded lath, 1062 
steel-reinforcing bars, 1110 
Truss, camel back, 1356 
common types, 1257 
compression members, 1482 
crescent, 1356 

design of members, 1436, 1437 
electric sign support, 1339 
end-bearing detail, 1487 
estimated weight, 1479 
fan, 1346 

Fink, coefficients for stresses, 1401- 
1404 

fire-proofing, 931, 933 
joint detail*, 1483 
king-post, 1259 
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Truss# king-rod, 1259 
lateral bracing, 1488 
peak splice, 1487 
Pratt, 1350 
roof, 1253-1293 
splices, 1483 

stresses, calculations of, 1479 
tension members, 1481 
Warren, 1350 
weight calculations, 1434 
Trussed arch roof-construction, 1287— 
1293 

partitions, 734 

Trusses, timber, 1393-1489 (see Tim¬ 
ber roof-trusses) 
weight of, 1395 

wooden (see Tiuiber roof-trusses) 
Trussit expanded lath, 1063 
Tungsten, specific gravity and weight, 
1926 

lamps, 1786 
Turbine, 1743 

type impeller fan, 1696 
Tumbuckles, 421, 422, 432 
Turpentine, specific gravity and weight, 
1926 

Tuscan order of architecture, 2109-2110 
Two-hinged arch roof-construction, 
1294-1295 

Type metal, specific gravity and weight, 
1926 

Ultimate strength, definition, 416 
Ultra-violet, glass, 1993 

ray, sterilizing apparatus, 1771 
wave-lengths, 1781 

Underpinning, Breuchatd method, 231 
pipes or cylinders for, 230, 231 
pretest method, 231 
spring-needle method, 231 
Unit Construction Co, door-construc¬ 
tion, 982 

Unit heater, factories, 1686 
schools, 1681-1683 

Unit stress, definition, 125, 126, 410, 
2133, 2134 

United States, architecture of, 2236, 
2237 

Bureau of Standards (see Bureau of 
Standards) 

fire-retardant classification, 1023- 
1025 

Department of Commerce, steel col¬ 
umn stresses, 513-515 
government buildings, hot-water 
heating, 1625, 1626 
measure of value, 29 
Naval Observatory, foundations, 259 
sheet metal gauge, 437 
standard gauge, sheet iron and steel, 
2012 


Units, electrical and mechanical equiva¬ 
lents, 1561, 1562, 1564 
foot-pound-second system, 1561 
Upfeed one-pipe heating system, 1625, 
1626 

Upfeed two-pipe heating system, 1628 
Uranium, specific gravity and weight, 
1926 

Urinal partitions, dimensions, 2057 

Vacuum, air chambers, sizes, 1744 
cleaning data, 2122, 2123 
gauges, 1562 
heating systems, 1611 
specifications, 1693-1699 
lamps, 1785, 1786 
pumps, 1610, 1611 
Valley rafters, 735 
Valleys, design of, 1412-1415 
Valleys and gutters, tin, 2003 
Valves, allowance for friction, heat loss, 
1620 

equalizing, caissons, 218 
heating symbf Is, 1690 
Van Dorn joist hanger, 882 
post-cap, 882 

Vapor, 1565-1570 (see Steam) 
Vaporization, heat of, 2097 
Varnish, 1984 

mill-construction, 855 
and paint data, 1981-1987 
Vaults, 1548-1560 (Glossary, 2237) 
barrel, 1288, 1289, 1548-1552 
framed, 1560 
groined, 1552-1557 
Guastavino, 1560 
ribbed, 1557-1560 
tile, 1560 

Vault-walls, 272, 273 
Velocity, definition, 1562 
of water, estimating, 1719 
Veneer, buildings, 1117 (see Ashlar) 
Vent flues, 1599-1601 
Vent pipes, 1745 
Vent stacks, 1744 
Ventilation, 1686-1693 
acoustic control, 1873 
air supply, per person, requirements, 
1691 

book-stacks, 2108 
buildings, 1686, 1687 
capacities of fans, 1674, 1675 
fans, 1676, 1677 
furnace-heating, 1632-1657 
gravity heating systems, 1624 
hot-blast system, 1657-1667 
laws, 1693 

mill-buildings, 865, 871, 872 
saw-tooth roofs, 872 
systems, 1687, 1688 
timbers, 859 
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Ventilation, traps, 1746 
warehouses, 872 
workshops, 865-867 
Vento radiation, 1622 
Vertical pressure, on arches, 319 
Vibration in buildings, 1873 

machinery, mill-construction, 859 
Vicat needle, cement test, 243 
Vinegar, specific gravity and weight, 
1926 

Violet light, wave-length, 1783 
Vision, 1782 

Vitiated air, effect of, 1689 
Vitreous tile, 1084 
Vitritile, 1083 

Volley-ball court, dimensions, 2083 
Voltage, candle-power, 1786, 1787 
Volts, 1832, 1833 
Volume, measures, 27, 31 
unit of, 1561 

Volumes, geometrical, 38, 60-65 
Voussoirs, arch, 319, 325, 327 
center of gravity, 327, 328, 329 

Walks, cement, 245 
Walls, ashlar, thickness, 238 

assemblies, fire-resistive, 1021-1038 
Underwriters’ classification, 1023 
basement, 234, 235 
concrete, 1216-1219 
bearing, 2245 
plates on, 477 
breast, 271, 272 
brick, 236 

backing, 278, 279 
compression tests, 279 
over openings, 332 
safe loads, 275, 447 
thickness, 237, 238 
buckling, 236 

buildings, mercantile, 236, 237 
cantilevering, 171 
cellar, 129, 234, 235 
cement-block faced, 278 
cement-lime mortar, strength of, 285 
cement-mortar, strength of, 285 
center of gravity, 314, 315 
concrete, 235, 1213, 1214, 1249 
cost, 259 

concrete-block, 239 

crushing height, 279, 280 

curtain, 1220, 2246 

division, 2246 

dwelling, 235, 237 

external, cantilevering, 171, 236 

face, 278 

faced, with ashlar, 238, 278 
cement-blocks, 239, 278 
hollow-tile, 239 
stone, 278 
terra cotta, 278 


Walls, Grp, 856, 861, 874, 1022, 2246 
fire-resistive, concrete-tile construc¬ 
tion, 1034, 1035 
masonry, 1022-1024 
metal enclosure, 1022 
structural clay-tile, 1024, 1034 
footings (see Footings) 
foundation, 129, 164, 165, 175, 203, 
232, 233, 2246 

heat-transmission, 1572-1573a 
hollow, 239 
tile, 239 

lime-mortar, strength of, 285 
loads on openings, 332 
mills and factories, 856, 861, 864, 874 
needling, 226-231 
openings in, 332, 874 
panel and curtain, 1220 
parapet, 1219 
partitions, 1039, 2246 
party, 239, 2247 
reflection factors, 1802 
reinforced-concrete, 1213-1221 
retaining, 261-273, 2247 (see Retain- 
ing-walls) 
roof, 864, 1219 
safe loads, 275-277 
self-sustaining, 240 
shoring, 224-226 
skeleton construction, 240 
stability of, 315-318 
stone, 238, 239 

safe loads, 275, 276 
stone-faced, 238 
ashlar, 238, 1117 
strength of, 274-276, 278, 279 
superstructure, 236-240 
supports, 888 
terra-cotta, block, 239 
tile, tests of, 286-289 
thickness, 235-238 

concrete, in inches by story, 1221 
general rule for, 236 
tile, hollow, 239 
tiling, 2021, 2022, 2023 
underpinning, 230, 231 
vault, 272, 273 

warehouse, 236-238, 864, 874 
Wall and plaster board partitions, 1051 
(see Plaster) 

Wall-board, asbestos, 923 
Bestwall, 1055 
Burson, 1055 
cork-board, 1055 
Gyplap, 1054 
Sacketts’, 1054 
Sheetrock, 1054 

Wall-box, 878, 881, 882, 888, 889 
Wall-furring, 1072, 1073 
Wall-hangers, 888, 889, 890 (see Hang¬ 
ars) 
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Wall-openings, 332, 874 
Wall-pipe (furnaces), dimensions, 1639 
Wall-plates, beams and girders, 879, 
881, 883, 884, 889 
cast-iron, 858 

roof-truss, 1438, 1442, 1455, 1472, 
1476 

Wall-supports, joists and girders, 888 
Wall-tiles, 2021 
weight, 1117 
Walnut, flooring, 1074 
hardness, 1972 

specific gravity and weight, 1926 
weight, 1926, 1973 
Warehouses, 854-898 
basement walls, 235 
beams, 858, 859, 874, 876, 877 
boilers, 876 

cast-iron columns, 876, 877 
cement floors (see Floor-construction) 
construction, general, 854-898 
cost, 873, 909 
defined, 2247 
doors and shutters, 897 
fire-escape, 864, 874, 875 
fire-proofing, 876-878 
fire-protection, 897 (see sprinklers, 
below) 

fire-safeguards, 855 
floor areas, 861, 873, 874 
loads, 1514 
floors, 860, 873 
girders, 858, 859, 874 
gravity tanks, 874, 875 
heating, 872 
height, 873, 874 
illumination, 1807 
live loads, 834, 1515 
mill-construction, 873-898 
openings in walls, 874 
partitions, 897 

reinforced-concrete, floor-construc¬ 
tion, 1168 

roof, 864, 865, 868, 896, 897 
roofing materials, 896, 897 
scuppers, 862,863, 2020 
shutters, 897 

sprinklers, 864, 1100, 1102, 1108 
stairs, 855, 860, 861, 864, 874, 875 
standpipes, 864, 897 
steel and iron, structural members, 
876, 877 

story heights, 861 
structural details, 876-898 
towers, 864, 874 
ventilation, 872 
walls, 236-240, 864, 873, 874 
wooden columns w. iron and steel, 876 
water-supply, 898 
Warren trass* 1350, 1351 
stresses, 1351 


Warren-Webster Moderator heating 
system, 1612 

Warrington Vulcan steam pile-hammer, 

208 

Wash and toilet-rooms, illumination, 
1807, 1811 

Wash-basin (sec Lavatories) 

Washburn & Moen wire gauge, 437 
Washers, 473, 1422-1426 
beveled, 473, 1424 
cast-iron, 1425 
for roof trusses, 1422 
ogee cast-iron, 1422, 1425 
steel-plate, bearing values, 1426 
dimensions, 1426 

Washington, D. C., rainfall intensity, 
1750 

Wash-pipe, foundation-bed testing, 144 
Wash-tubs (see Laundry-trays) 
Waste-pipe, 1745 
Waste-stack, 1745 
Water, density, 1561 

boiling-point of, 1762, 1763 
data, 1764 

cooling by mechanical refrigeration, 
2103 

discharge of, to find, 1720, 1723 

drinking supply for buildings, 1768 

evaporation, 1565 

expansion of, 1763, 1765 

filter systems, 1770, 1771 

flow in pipes, 1722-1725 

freezing-point, 1564 

friction in pipes, 1725 

hard, 1766 

head, 1717-1719, 1726 
heating, house supply, 1762, 1763, 
1766, 1767 

heat-transmission to, 1764 
pressure, 1717, 1718 
properties, 1717 
requirements, for mortar, 244 
for various purposes, 1758, 1759 
specific gravity, 1926, 1927 
sterilizing, 1770, 1771 
supply, 898, 1724, 1730-1736, 1762 
pipes, 1755, 1756 
tanks (see Tanks) 
temperature, boiling, 1564 
for various services, 1767 
velocity, 1719, 1722 
weight, 1717, 1926, 1927 
Water-backs, 1766 
Water-closets, dimensions, 2057 
Water-curtains, 1097 
Water-filters, 1768, 1769 
Water-gas, 1775 
Water-heater, 1741 

coal-burning capacity, 1766 
data, for apartments, 1763 
for office-buildings, 1762 
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Water-pipes (see Pipes) 
Water-proofing, 2123-2132 
asphalt lining, 2128, 2129 
bituminous or asphalt coating, 2127 
bituminous grout, 2128 
brick lining, 2129 

burlap saturated with bituminous 
substances, 2127 
cement, 2125, 2132 
concrete, 255, 2125, 2132 
foundations, 2123, 2124 
external, 2125, 2126 
felt lining, 2128, 2129 
foundations, 2123-2132 
penetrative washes, 2126 
protective coatings, 2126 
spandrel, 946, 947 
substructure work, 2123 
tar-lining, 2128 
Water-proof cement, 2130 
Water-proof papers, 1981 
Water-seal, 1745 

Water-supply, 898, 1724, 1730-1736 
fire-protection, 898 
hot, 1762 

system, pneumatic, 1735 
Water-tanks (see Tanks) 

Water-tight concrete, 1248 
Watson floor system, 982 
Watt, 33, 1785, 1834 
Wave action, on lake and coast lines, 
134 

Wave-lengths, color, 1783 
Wax, specific gravity and weight, 1927 
Weave shed, 868, 869 
Web (see also Box girders, Plate girders. 
Beams, Steel, etc.) 
box girders, buckling value, 696 
shearing value, 696, 701 
stiffeners, 696, 697, 706, 1519, 

1520 

buckling formula, 595 
domes, 1588 

plate girders, 695, 696-716, 1518 
buckling value, 696 
shearing value, 696 
stresses, 696, 698, 703 
steel beams, web buckling, 185-187, 
585, 595 

web thickness, 594 
Web members, trusses, 1253 
Web-stiffeners, 1519 
Wedges, shoring, 225 
Weights (see under subject in question, 
and loads) 
adult persons, 2059 
avoirdupois, 28 
building materials, 1117 
commercial, 28 
.concrete, 259 
measures of, 28, 29 


Weights, metric system, 32 
men and women, 2059 
metal and plaster partitions, 1046 
rules for estimating, cast-iron, 1939 
steel, 1939 
wrought-iron, 1939 
sash, 2063, 2065, 2066 
sashes and glass, 2065 
substances per cubic foot, 1919-1927 
unit of, 1561 
various gases, 1588 
women and men, 2059 
Weights and measures, 25-35 
Weld, iron, 412 
steel, 412 

Welded metal fabric, 1065 
Weldrete masonry walls, 1035 
Wellington’s formula, pile foundations, 
196 

Well6, dredged, foundations, 216 
deep, pumps for, 1730, 1731 
driven, water-supply, 1730-1739 
foundations, affected by, 147 

Welsbach gas mantle, 1786 
Wemlinger corrugated steel sheet piling, 

209 

West Indies, architecture of, 2238 
Wet and dry return mains, capacities, 
1619 

Wheeling arch lath, 1059 
White ash, hardness, 1972 
White beech, hardness, 1972 
White birch, hardness, 1972 
White coating, plastering, 1970 
White elm, hardness, 1972 
White hazel, hardness, 1972 
White lead, for filling lock seams in cop¬ 
per work, 2018 
White oak, hardness, 1972 
White-pine, beams, coefficients for, 654 
deflection, 650, 651, 654 
fiber-stress, 492, 493 
column, crushing load, 485 
safe working stress, 485 
hardness, 1972 
horizontal shear, 651 
modulus of elasticity, 487, 652 
safe loads, 485, 492, 494-497 
safe stress in shear, 447 
shearing stresses, 447 
specific gravity, 1925 
tension, 410, 411 
unit stresses, 447 
weight, 1925, 1973 

White wood (poplar), hardness, 1972 
specific gravity and weight, 1925 
weight, 1925, 1973 

Wholesale stores, live loads, 834, 1118 
Wild cherry, hardness, 1972 
Willow, specific gravity and weight, 
1927 
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Wind, force of, 2133 

pressure, 1397, 1516, 1517 
stresses, bracing, 1519, 2133-2141 
trusses, 1305, 1309, 1330, 1334, 
1393, 1396, 1398 
Wind-bracing, 1519, 2133-2141 
column connections, 2135 
types, 2134, 2135 
conditions determining, 2133 
details, 2135 
examples, 2134-2141 
general theory, 2134 
stresses, computations, 2140, 2141 
types, 2134, 2135 
water towers, 1517 

Wind-load, 150, 151, 1305, 1343-1345, 
1393 

definition, 149 
on footings, 149 
on roof surfaces, 1398 
on trusses, 1396, 1397 
Wind-pressure, 1516, 1517 

formula for inclined surfaces, 1397 
on cone, 1397 
on cylinder, 1397 

on rectangular side of buildings, 1397 
on spheres, 1397 
Wind-shield, scuppers, 863 
Wind-stresses (see Stresses) 
computation of, 2140, 2141 
in tall buildings, 2133-2141 
Windmills, 1733-1734 
capacities of, 1733, 1734 
Window-frames, 1081 
fire-resistive, 1079, 1080 
Kalamein iron, 1080 
metal, 1080, 1081, 1082 
metal-covered, 1080 
mill-construction, 860 
Window glass and glazing, data, 1987- 
1994 

Window sashes, 1095, 1096, 1097 
metal, 1095, 1097 
metal-covered, 1095 
weights, 2065 

Window-sills, concrete, 1220, 1221 
Windows, fire-protection, 1088-1097 
glazing, 1987-1994 
heat-transmission, 1572 
loads over, 332 

metal frame and wire glass, 924, 925, 
1094-1097 

mill-construction, 855, 859, 865 
saw-tooth, 868, 871 
sheet-metal, 1081 
water curtains, 1097 
wire-glass in warehouses, 874 
Wine, specific gravity and weight, 1927 
Wire, 435,436 
annealed, 1931 
aviator, 436 


Wire, Bessemer, 1931 
bright, 1931 
calculations, 1847-1851 
carrying capacity, 1845 
copper, 436, 1843-1849, 1931 

dimensions, weights and resistances 
of, 1846 
coppered, 1931 
drill, 1931 

electric wiring, 1838-1842 (see also 
Wiring) 

calculation, 1847-1851 
lighting, 1842 
resistance, 1846 

fabric, reinforcement, 998, 999, 1001, 
1067, 1068 
feed, 1850 
finish, 435 
fire detecting, 1099 
galvanized, 441, 1931 
gauges (sec Gauges), 435, 436, 437, 
1842, 1927-1946 
gun-screw, 1931 
in glass, 855, 1990, 1993 
iron, 4 36 

lath, 1001, 1067, 1068 
length per pound, 438 
machinery, 1931 
manufacture, 435, 1931 
market, 1931 
nails, 1951 
needle steel, 1931 
piano, 436 
plough, 436 
rope, galvanized, 441 
size, 438 
strength, 440 

size and weight, 438, 1846, 1847 
1930 

steel, 435, 436, 438, 439, 440, 441 
electric light plants, 441 
fencing, 441 
length per pound, 438 
signal cord, 441 
sizes and weights, 1930 
smokestack guys, 441 
street railways, 441 
strength, 435, 436, 438 
per pound, 438 
weight, 438 
telegraph, 436 
telephone, 436 
tinned, 1931 
uses, 436 
weight, 436, 438 
welding, 1931 

Wire-fabric, 998-1005, 1111 
Wire gauges (see also Gauges) 
American Screw Co.'s, 437 
American Steel & W ; re Co/s, 436k 
437 
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Wire gauges, Birmingham, 436, 437 
British Imperial, 437 
Brown & Sharpe, 437, 1842 
circular-mil, 1842 
English legal, 437 

of various wires and metals, 1927- 
1946 
Stubs, 437 

Washburn & Moen, 437 
Wire-glass, 1990 

mill-construction, 855 
Wire-lath, 1063 
Clinton, 1064 
Roebling, 1064 
Wire-mesh, 998-1001 
Wire nails, 1947 
Wire rope, 439-443 
Wiring, cabinet, 1841 
conduits, 1852 
cost, 1855 

electric lighting, 1842 
National Electrical Code, 1853 
specifications, 1854, 1855 
standard symbols, 1856, 1857 
symbols, 1856, 1857 

Women’s basketball court, dimensions, 
2081 

Wood (see also Lumber, Timber and 
wood in question) 
beams (see Beams) 
block flooring, weight, 1117 
charcoal, composition by weight, 1588 
columns (see Columns) 
fireproof, 927, 930, 1074 
fire-retardant, 927 
flexure, 339-344, 753, 758 
framing, 717-853 
balloon, 721, 722 
built-up wood girders, 733 
cedar, 720 

combination, 721, 722 
defects, 717 
density, 717 
design, 740-742 
details, 728, 729 
diagonal corner-braces, 724 
sheathing, 724 
dryness, 717 
economy, 718 
end-thrust, 724 

floor-load calculations, 741, 742 
frequency of nailing, 724 
general considerations, 717 
girder supports, 733 
grading of, 718 
hemlock, 720 

herringbone or bridge bracing, 724 

larch, western, 720 

let in bracing, 724 

!ight, 721 

oak, 720 


Wood, framing, partitions, 733-735 
pine, 720 

southern yellow, 720 
redwood, 720 

roof-construction, 735-739 
seasoning, 718 
air-drying, 718 
kiln-drying, 718 

sections, stresses, buckling and de¬ 
flections of beams, 742, 743 
size standards, 721 
spruce, 720 

steel girders attached to wood, 
733 

stiffness of framed buildings, 724 
tamarack, eastern, 720 
tests, table, 725-727 
valleys and headers, 738 
wood girders, 732, 733 
working unit stresses, 742, 743 
friction coefficient, 261-264 
fuel, 1588 

girders, 732-733 (see Girders) 
hardness, relative, 1972 
internal conductivities, 1574a 
metal-covered, 897, 1080, 1089, 1090 
mill-construction, 854-898 
painting, 1981-1987 
paneling, sound absorption, 1863 
relative hardness, 1972 
shear, 447 

sheathing, 1117, 1394 
sound absorption, 1069 
specific gravity (see wood in question) 
trim and finish, mill-construction, 
855 

weight (see wood in question) 
Wooden pile foundation, 191 

warehouse-construction, 854-898 
Work, energy, 1562 

Working and decompression periods, 
required by the New York State 
labor laws, 217 
Working drawings, 1512 
Working stresses (see stresses and 
materials in question) 
Workshops, air changes, 1691 
fire-safeguards, 855 
heating and ventilating, 865-867 
live loads, 150 
roof-construction, 865 
slow-burning construction, 865-867 
Wrestling-mat dimensions, 2084, 2086 
Wrought iron, 411 
appearance, 411 

beams (see also Beams), coefficients 
for, 645 

deflection, 642-645 
stiffness, 643 
bolts, 466 
chains, 443-445 
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Vrought iron, columns, safe loads, 485 
crushing load, 485 

bending moments, 406 
elongation, 378, 412, 445 
finish, 413 

fire-resistance, 923, 931 
flexure, 466, 500 
grades, 411 

manufacture of, 411, 412 
physical properties, 411,412 
pipe, 1748, 1772, 1776-1779 
reinforcement, 1110, 1111 
rivets, 453-458 
rope, 439-441 
safe working stress, 485 
specifications, 412 
specific gravity and weight, 1923 
tensions, 412, 413, 445, 466 
tests, 412, 413 
use, 412 

weight, 1923, 1928 
welding, 412 
yield-point, 412 

Wurtzilite, 2023 

X-rays, 1781 


Yards and courts, live loads, 1118 
Yellow, wave-length, 1783 
Yellow oak, hardness, 1972 
Yellow pine, beams, 769, 773, 775 (see 
Beams) 

coefficients, 752 

columns, safe loads, 492-496 (sec 
Columns) 
flooring, 1074 
hardness, 1972 
modulus of elasticity, 652 
safe stress in shear, 447 
shearing stress, 842, 1421, 1422 
specific gravity and weight, 1925 
southern, 718 

Yellow poplar, hardness, 1972 
Yield-point, steel, 416 
wrought-iron, 412 
Young’s modulus, definition, 126 

Zenitherm, 1076 
tile, 1087 

Zinc, castings, shrinkage in, 1939 
specific gravity and weight, 1927 
Zone of sphere, volume, 64 
Z-rib metal-lath, 1062 
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